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ABSTRACT
A Hegelianized version of Althusser’s concept of problematic is used to investigate the underlying
theoretical unity and structure of Arabic physical science (physics, astronomy and chemistry). A
contradictory triad (associated with Platonism, Aristotelianism and Ptolemaism) is identified at the
heart of the Arabic project for physical science. This article focuses on the valiant attempts made by
leading Arabic scientists to overcome these contradictions without transcending or tearing apart the
prevailing problematic. The following question is then addressed: why was Arabic physical science
reformist, rather than revolutionary, unlike Renaissance European physical science? An answer is
proposed in terms of the history, nature and decline of Arabic rationalism.
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On the theoretical problematic of Arabic physical science or why did Arabic science ...

INTRODUCTION
My investigations into modern physical theories and their interconnections and mechanisms
of development have led me to the idea that the principal mechanism of progress in modern
physical theory is a process of unification which dialectically resolves contradictions inherent
in the heart of physical theory. Such a process drives physical theory beyond its own
structure of premises and meaning; it is a process of transcendence 1, 2.
However, these investigations have also shown that there is always an alternative route of
development, which tends to “resolve” contradictions within the existing structure and
without transcending it. This route fails to effect major progressive breakthroughs and to
open new research avenues, even though it may involve highly sophisticated and clever
mathematical ploys and innovative tricks.
I call the former route the revolutionary route, and the latter route the conservative route.
The model example which embodies this idea is the events at the end of the nineteenth
century which led to the theory of special relativity. The principal contradiction at the heart
of physical theory then was the multi-faceted contradiction between Newtonian Mechanics
and Maxwellian Electromagnetism. The conservative route was followed by Lorentz, who
“resolved” many aspects of this contradiction, using very sophisticated mathematical
techniques, but without transcending the basic structure of Classical Physics epitomized by
such notions as the ether, absolute space, absolute time, and absolute mass 3, 4.
Of course, the revolutionary route was followed by Einstein in his 1905 relativity and photon
papers. Right from the start, from the very first page of his 1905 relativity paper, Einstein
declared his intention to resolve certain “asymmetries” by dispensing with the age-old
concept of ether and radically re-examining the concepts of absolute simultaneity and
absolute space. This led him to replace these fundamental concepts with the generalized
principle of special relativity and the amazing principle of the constancy of the speed of
light in vacuo 5.
We all know where Lorentz’s conservative route has led physics (to nowhere) and where
Einstein’s revolutionary route has led it: to General Relativity, Particle Physics, Modern
Cosmology, and the whole of modern physics 6, 7.
In this paper, I intend to show the efficacy of this idea of development of physical theory in
understanding the nature of Arabic physical science, particularly Arabic astronomy, in
contrast with Copernican astronomy and the ensuing developments in European science.
Focusing on the Arabic critique of Ptolemy and the alternative astronomical models
envisaged by various Arabic astronomers, I argue that Arabic scientists tended to follow
the conservative route in resolving the contradictions of Greek physical science, whereas
Copernicus (and later, Kepler) followed the revolutionary route . In both cases, physics was
used as a guide to criticize Ptolemy and develop alternative models. However, whereas
Arabic scientists closely followed Aristotelian physics, Copernicus and Kepler openly defied
Aristotelian physics and were beginning to feel their way through a new field, physics 8.
However to fully appreciate this characterization, and the nature of innovation in Arabic
astronomy, I shall use the Althusserian notion of problematic as a textual tool. However, I
find this tool, in its original Althusserian from, too rigid to theorize developmental patterns
in scientific theory. I, thus, introduce certain “Hegelianized” modifications to it, which
imbue it with noticeable explanatory power.
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Finally, I find it necessary to emphasize, right from the start, that the two routes do not
grow separately, and in relative isolation from each other. On the contrary, they are
inextricably tied to each other. In particular, the revolutionary route is usually unimaginable
without the conservative route. Was Einstein imaginable without the conservative Lorentz
and the semi-conservative Poincaré? Similarly, was Copernicus imaginable without
Al-Zarqali, Al-Bitruji, Ibn Al-Haitham, Al-Urdi, Tusi and Ibn Shatir, amongst others ?

LOUIS ALTHUSSER
Louis Althusser 9-11 is a French philosopher, who died in1990. He is usually characterized
as a structuralist Marxist philosopher. During the sixties and seventies of the pervious
century, he was at the heart of a fierce ideological struggle in French and European left-wing
circles. However, with the changed circumstances, and the accompanying retreat of the left
worldwide, in the last thirty years, Althusser has suffered an almost total eclipse and been
consigned to almost total oblivion. Nevertheless, his influence is still noticeable in cultural
studies, particularly after the publication and translation of many hitherto unpublished
manuscripts in the last few years 12. Notwithstanding his ideological and political eclipse, I
think that quite a few of his notions could be very effective and useful in understanding
historical texts and events, particularly in the sciences. I proclaim Althusser’s philosophy as
truly pertinent to deepening our understanding of the dialectic of unity and disunity in the
history of science. In particular, I deem Althusser’s notion of “problematic” to be an essential
notion for understanding the unity of Graeco-Arabic physical science vis-à-vis developments
in the modern era.
I shall, therefore, explain this notion as a prelude to applying it to Arabic physical science in
relation to the Copernican Revolution.

THE NOTION OF PROBLEMATIC
Althusser avers, right at the start of his intellectual career, that the essence of a text does not
lie in its object. Nor does it lie in the individual isolated concepts it employs. Rather, it lies in
its problematic. The fundamental basis of a text is its problematic 13, 14 rather than its
basic individual concepts. Basically, a problematic is a structured conceptual hierarchy which
animates a text and produces its meaning. It is the structural condition of the possibility of
meaning of a text. It defines its semantic space. A concept does not acquire its meaning from
its logical structure. Nor does it acquire it from a direct relationship to an object outside it.
Rather, it does so from its problematic and through it. Even its relationship to its object is
established via its problematic.
In fact, Althusser arrived at this notion of problematic by comparing four sets of
philosophical texts: Hegel’s, Feuerbach’s, the Early Marx’s and the Mature Marx’s. He
noticed that, ultimately, the first three sets shared the same problematic, even though they
appeared diametrically different. For, even though Feuerbach had inverted Hegel, he had
retained the basic underlying Hegelian problematic. Thus, the materialist Feuerbach remained
a prisoner of the idealist Hegelian semantic space. Also, even though the Young Marx had
been concerned with politics and political economy, whereas Feuerbach had been concerned
with religion, theology and speculative philosophy, they both shared the same problematic –
or, to be more precise, the Young Marx had borrowed Feuerbach’s problematic, and applied
it to different objects. Thus, the notion of problematic helps us to detect basic differences and
similarities, and to delve deeply into the heart of a text, behind a fascade of illusory
appearances. Apparent breaks are recognized for what they truly are – mere variations on a
theme. On the other hand, surface appearances and identities turn out to conceal radical
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breaks and departures. In this respect, the notion of problematic could be used to assess
intellectual achievements and their degree of originality.
Althusser also used this important notion to define intellectual revolutions. As long as a text
remains tied to the existing problematic, it does not constitute an intellectual revolution, no
matter how hard it tries to disguise the problematic with seemingly new concepts, and to
invert structures without changing their internal relations. Thus, neither Feuerbach nor the
Young Marx constituted an intellectual revolution in philosophy, particularly vis-à-vis Hegel.
On the other hand, the Mature Marx did indeed achieve a radical intellectual revolution,
because he succeeded in effecting a so-called epistemological break whereby he broke loose
from the Hegelian-Feuerbachian ideological problematic and moved to a new scientific
problematic epitomized most conspicuously by Das Kapital. Thus, intellectual revolutions are
basically epistemological breaks whereby a thinker jumps from one problematic to an
altogether different problematic.

A HEGELIANIZED VERSION OF PROBLEMATICS
The moment one tries to apply Althusser’s notion of problematic to the history of physical
theory, one encounters numerous difficulties related to the obvious rigidity of this notion.
Althusser’s problematic is indeed too rigid to explain mutations, transitions and movement in
physical theory. In fact, it is a closed universe, a monad, with no mechanisms connecting it to
other problematics.
Each problematic is almost self-sufficient, coherent and homogeneous. The way out of this
impasse for Althusser is the notion of epistemological break – a quantum leap in the dark
with no clear mechanism; a blind irrational jump.
The way out to salvage this important notion is to modify it by introducing Hegelian elements
in it – in particular, a degree of inhomogeneity and dialectical contradiction. With this
modification, a problematic is transformed from a closed static totality into an open dynamic
totality that moves forward and mutates under the pressure of its internal contradictions. The
state of inhomogeneity in a problematic normally arises from an amalgamation or
coalescence of problematics – i.e., from the fact that actual historically constituted
problematics are hybrids. This also makes a problematic not indifferent to its object, as
Althusser seems to imply. On the contrary, a problematic develops and accentuates its
contradictions by interacting with its object, until a point is reached where the resolution of
these contradictions demands the transcendence of the problematic. Te be more precise, this
resolution transforms the existing problematic into a new higher one.
It is this Hegelianized version of the notion of problematic that I shall now use to explore the
nature and significance of Arabic physical Science.

THE PROBLEMATIC OF GREEK AND ARABIC PHYSICAL SCIENCE
Arabic physical science spans a period of seven continuous centuries, from A.D. 800 to
A.D. 1500 15, 16. It was indeed a period brimming with innovation and scientific activity.
Yet, underlying all this amazing variety of ideas and theories, there was a constant,
essentially unchanging, problematic. If one compares a 9th century text with a 14th century
text, one does not fail to notice this constancy in problematic. One, of course, finds it hard to
account for this constancy, in view of the many critical spirits that animated Arabic physical
science.
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How would one characterize the problematic of Arabic Science? Clearly, it was basically a
Greek problematic. Arabic physical Science was principally a creative continuation of Greek
physical Science. In particular, it was an amalgam of three “pure” problematics – Plato’s,
Aristotle’s and Ptolemy’s. They are three inter–related, but distinct, pure problematics.
Plato’s problematic, as revealed in the Timaeus 17, revolves around the idea that the
Universe is a unique, self–contained, self-sufficient and rational being, endowed with perfect
traits and features, such as a spherical shape and components revolving around its centre with
uniform circular motion. The latter traits became a cornerstone of physical science,
astronomy and cosmology in Antiquity. It was deeply incorporated in the Aristotelian
problematic 18. The latter was based on the idea that the Universe is a semi-material, finite,
inhomogeneous, mechanical system with a well-defined physical centre, that acts as a
gathering and attractive place for heavy elements (earth and water). This spherical system
knows no outside and no vacuum. It consists of two distinct and qualitatively different
realms: the terrestrial and the celestial. The former is characterized by change, corruption,
birth, death, straight- line motion and a combination of four basic elements (earth, water, air
and fire), and is described by Aristotelian Physics. The latter is characterized by sphericity,
uniform circular motion, and an eternally unchanging substance or element (ether). Space is a
mere attribute of matter, and time is endless. The planets and stars are carried by revolving
spheres made of transparent ether. There is a prime unmoved mover that envelopes the whole
Universe and imparts motion to the various concentric spheres 19.
Ptolemy later developed a mathematical problematic, based on work done previously by
Appollonius, Hipparchus and the Babylonians 20. He employed such geometrodynamic
concepts as the eccentric, deferent, epicycle and equant. In fact, as an astronomer seeking to
describe and “explain” data and measurements, he was truly revolutionary in light of later
developments, especially Kepler’s work. However, as a physicist, he was truly conservative,
true to the Aristotelian problematic. He hoisted his revolutionary mathematical problematic
onto the Aristotelian problematic, creating an explosive, contradictory amalgam that would
stamp the dynamic of physical science for the following millennium and a half.

THE DILEMMAS AND DYNAMICS OF ARABIC PHYSICAL SCIENCE
The problematic Arabic physical scientists inherited from the Greeks was an inhomogeneous,
contradictory problematic. The principal contradiction was the multifaceted contradiction
between the Ptolemaic mathematical apparatus and Aristotle’s physics. Arabic astronomers
felt dissatisfied with Ptolemaic methods on account of this contradiction and some
observational flaws they discovered in Ptolemy’s system.
Basically, there were three main currents or traditions in Arabic astronomy: the observational
(zij), the Shukuk tradition enunciated by Al-Hassan ibn Al-Haitharn, and the model-building
tradition (Bitruji, Urdi, Tusi, Ibn Shatir). They all moved and produced ideas within the
confines of the inherited problematic 21. In spite of their highly critical attitudes and
creative talents, none ventured to move forward beyond it. The models the model-builders
constructed fitted better in the edifice of the main Aristotelian problematic than Ptolemy’s
models. All Arabic astronomers, including those belonging to the zij tradition, were acutely
aware of the contradictory status of their problematic, and they tended to use their great
mathematical skills to resolve those contradictions, guided by Aristotelian principles.
In a sense, Arabic astronomers developed the conservative elements in the ancient
problematic at the expense of the revolutionary elements; Aristotle at the expense of Ptolemy.
They evidently opted for the conservative route of development. Their efforts were directed
at taming the rebellious elements in Ptolemy. Ibn Al-Haitham’s Shukuk found their
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consummation in the Maragha School; in Urdi’s, Tusi’s and Ibn Shatir’s models and
mathematical innovations. Of course, they were unable to dispense completely with
Ptolemy’s mathematical methods. So, they resorted to a selection process according to taste
within the confines of Aristotelian principles. They all agreed on the necessity of dispensing
with the most revolutionary element in Ptolemy– namely, the equant. As we know, Tusi was
able to replace it with his famous “couple”. Ibn Shatir built models that were free from
equants and eccentrics, but that contained deferents and epicycles, and he had to modify
slightly Aristotle’s theory of the ether to justify that. It was as though Arabic astronomers
used all their mathematical ingenuity and genius to save the Greek problematic from its own
contradictions. Their ideal was to create purely Aristotelian planetary models that accorded
well with the observations. The purest Aristotelian system was built by Al-Bitruji in Andalus,
but turned out to be inaccurate, compared with Ptolemy’s 22. Thus, Arabic astronomers had
no choice but to retain some Ptolemaic elements.
If we compare ancient astronomy to physics at the end of the 19th century, we could
characterize the situation as follows: Ptolemy was the Planck of ancient astronomy, Arabic
astronomers were its Lorentz, whilst Copernicus, Galileo and Kepler were its Einstein.
The pivotal questioning thet would explode the ancient problematic along the revolutionary
route was, of course, that related to the Earth-centered hypothesis. Copernicus readily
adopted the solutions that had been offered by Arabic astronomers, because they satisfied his
Platonic aesthetic taste. In this, he was as conservative as Arabic scientists. However, he
differed from them in being a Platonist, rather than an Aristotelian 23, 24. That must have
facilitated his heliocentric revolution. It was indeed a revolution, because it challenged the
whole Aristotelian edifice, and pointed towards a new, field, physics – modern physics. Thus,
both Arabic astronomers and their European counterparts used physics to guide their
astronomical practice. However, whereas the former tended to stick to Aristotelian physics in
this endeavor, the latter tended to challenge it and use rudiments and instruments of a new,
field, physics to guide their model-building. In particular, Kepler used a field physical model,
inspired by Gilbert’s magnetic force model, to investigate the way the sun influenced the
motion of the planets, and that played a crucial role in arriving at his laws of planetary
motion. In fact, it enabled him to discover the revolutionary content of the Ptolemaic equant –
the fact that it was a first approximation of an elliptical orbit 25. Thus, unlike Arabic
astronomers, who had rejected the equant and retained the epicycle, he opted for the former
and rejected the latter. He proved to be the ultimate embodiment of the revolutionary route.
The preceding analysis inevitably raises the following questions: Why did Arabic
astronomers follow the conservative Lorentzian route, despite their acute critical acumen and
brilliant creative mathematical skills? Why did the Copernican Revolution have to await a
Renaissance Central European – or, more precisely, two such astronomers (Copernicus and
Kepler)? Why did Arabic astronomers stick so stubbornly to Aristotelian physics, and felt so
inimical towards the revolutionary elements in Ptolemy?

THE RISE AND DEMISE OF ARABIC RATIONALISM
It is our contention that Arabic theoretical astronomy was closely related to Arabic
rationalism, which means that the fate of the former was organically tied to the fate of the
latter. My thesis here is that Arabic rationalism, which had been adopted by the early Abbasid
state, particularly during the reigns of Al-Mansour and Al-Ma’moun, was soon to come under
fire from orthodox religious quarters 26. The ascendancy of this orthodoxy and the alliance
it forged with the militarist feudalist Islamic state weakened Arabic rationalism, and placed it
under constant siege. Eventually it was liquidated completely by this alliance. Its last bastion
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was Arabic astronomy. The rationalists felt constantly threatened by that inimical force. This
explains why they stubbornly stuck to Aristotelian rationalism, and were reluctant to
transcend it. The fact that the battle for rationalism was lost in Arabic civilization accounts
for this stubborn adherence to Aristotelian physics as opposed to Ptolemaic innovations.
Because Arabic rationalists were under siege in their last bastion, their chief task was to
defend Aristotelian rationalism, and not to critique it. That also offers a partial explanation of
why Arabic astronomy reached its zenith in the age of decline.
Arabic rationalism declined and was eventually liquidated for various socio- cultural reasons,
one of which was its failure to forge a compromise with religious dogma and to carve a niche
for itself in the Islamic religious enterprise. It was a double failure, whereby each enterprise
failed to accommodate itself to the other. In Europe, the exact opposite occurred. In spite of
the initial hostile response of the Church to Aristotelian and Averroist rationalism 27, 28,
eventually a historic compromise was reached between the two enterprises, and
Aristotelianism was absorbed by Church dogma, thanks chiefly to the brilliant efforts of
Thomas Aquinas. The fact that Aristotelian rationalism became part of the official dogma
made it possible for later generations to critique it in the name of a higher rationalism. The
consolidation of Aristotelian rationalism in European civilization was a precondition for its
thorough critique in the name of a higher rationalism. This difference in attitude is best
illustrated by contrasting Kepler’s attitude to Ptolemy’s equant with the late Arabic
astronomers’ attitude to it. Arabic astronomers were vehement in rejecting this Ptolemaic
device, because it contradicted Aristotelian physics, which was part of Aristotelian
rationalism. Their strict normative adherence to this rationalism drove them to view the
equant as an irrational element in Ptolemaic astronomy. Of course, Copernicus was to follow
suit. On the other hand, Kepler was to reject the Ptolemaic epicycle and rehabilitate the
Ptolemaic equant in the name of a new, burgeoning, physics and rationality. The triumph of
Aristotelian rationalism in medieval Europe was a prelude to its later demise and its
replacement by a new rationalism, what I call scientific rationalism. On the other hand, its
defeat in Arabic medieval civilization was an impediment to transcending it towards a new
science and a new rationalism. It was a prelude to the eclipse of rationalism as such in Arabic
civilization.
The besieged status of Aristotelian rationalism drove Arabic astronomers to seek solutions to
the problems of theoretical Arabic astronomy within the confines of Aristotelian physics and
cosmology, just as Lorentz later did with respect to classical electrodynamics 29. The
consolidation of Aristotelian rationalism in Arabic civilization would have been a necessary
precondition for its transcendence towards modern scientific rationalism – i.e., for the
Copernicus-Kepler astronomical revolution to occur in the Arabic middle ages.

METAPHYSICAL RATIONALISM VERSUS SCIENTIFIC RATIONALISM
To understand the significance of this contrast and the associated intellectual processes, we
need to understand the distinguishing features of both the antique rationalism, i.e. the
rationalism that prevailed in both Greek and Arabic antiquity – and the modern rationalism,
which has prevailed since the scientific revolution (1543-1687).
I call antique rationalism metaphysical rationalism. In Arabic civilization, this rationalism
existed in quite a few forms: Aristotelian or Peripatetic, Platonic, Neo-Platonic (Plotinus) and
Kalamic (both Mu’tazilite and Ash’arite). These rationalist forms were combined with
various forms of irrational currents, such as Pythagoreanism, mysticism, astrology, alchemy,
magic, oriental creeds, Gnosticism and hermeticism 30. This rationalism reached its apex in
Aristotelian rationalism and, in particular, in Ibn Rushd 31. In Aristotelian rationalism,
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there were two sources of certainty: pure reason and the raw senses. A set of metaphysical
principles were derived from pure reason, and considered solid bases of certain knowledge,
on the one hand, and the world of sense was taken uncritically for granted, on the other. The
essence of Aristotelian physics lay in emphasizing nature related metaphysical principles,
and, then, saving the phenomena with them. Attempts were made to account for the raw
phenomena of the world of the senses in terms of these metaphysical principles via formal
logic and the syllogism. The latter was the bridge between metaphysics and the senses. The
world of metaphysical principles and the world of the senses were related via the syllogism.
That was the essence of Aristotelian methodology and metaphysical rationalism.
A new rationalism was to arise during the 17th century – scientific rationalism. Whereas
Arabic astronomers and physicists failed to transcend metaphysical rationalism to scientific
rationalism, conditions were ripe for 17th century European scientists to do that. Basing our
conclusions on a thorough study of the 17th century scientific revolution, we outline here
some of the distinguishing features of scientific rationalism 32:
1. The relationship between philosophy and science was inverted. Instead of science being
appended to metaphysics, generally speaking, metaphysics and philosophy became
appended to science. Instead of philosophy guiding science, from then on, science
would guide philosophy.
2. Whereas antique science focused on the actual as revealed by the senses, and in the light
of the metaphysical abstract, modern science would focus on the potential, the possible,
the mathematically amenable abstract. Whereas the former tried to find out how first
(metaphysical) principles produced raw phenomena, modern science would try to
discover the mathematical principles followed by the potential and possible. The latter
would then dialectically fuse these principles together and universalize them to arrive at
deeper material causal principles. In short, mathematical deduction and dialectical
synthesis have replaced the syllogism, on the one hand, and material causes have
replaced first principles and metaphysical causes, on the other
3. In antique science, philosophy was endowed with the function of producing knowledge.
It was a necessary tool of knowledge production. In modern knowledge production, it
has lost this function, and the latter has been replaced by the function of transcendentally
grounding scientific practice, and other practices as well.
4. Science has become autonomous. In particular, it has gained its independence of
theology, philosophy, the crafts and political authority. Scientific reason has become an
authority unto itself.
5. Notwithstanding quantum mechanics, modern science presupposes the ideas of the
materiality and infinitude of the world. It also presupposes that causes are internal to the
Universe, and a new causality based on material interactions between material
components.
6. In modern science, the world of the senses is no more a source of certainty. It is not
considered entirely objective, but partly subjectively constituted. The senses are basically
defective measuring instruments. Knowledge needs more accurate and precise measuring
instruments. These are furnished, not by the senses, but by scientific reason, which is,
thus, the eye of truth and our probe of reality. Modern science presupposes the existence
of primary and secondary qualities and properties, i.e. it presupposes the dichotomy of
appearance and reality.
7. Modern knowledge is mathematically structured. This means that it is axiomatically
based. It presupposes a set of axioms. However, scientific axioms are not absolute, but
relative and conditional. They are testable and studied presuppositions. They are
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constantly under scrutiny and constantly tested via their deductive consequences. They
are always provisional. In metaphysical rationalism, on the other hand, axioms have an
absolute and sacred character.
8. The mathematical experimental essence of scientific rationalism imposes a set of etical
norms on scientific practice, which is alien to metaphysical rationalism.
9. Modern science and rationalism are essentially absolutely critical, dialectical, unifying,
materialist and causal in the materialist sense. Metaphysical rationalism tended to be
dogmatic, formally syllogistic, fragmenting, idealist and causal in the theological sense.
10. The animating principle of scientific practice and rationalism is scientific reason. Science
has no reference point save scientific reason. The animating principle of metaphysical
rationalism was transcendental reasoning.

CONCLUSION
I hegelianized Althusser’s concept of problematic, and applied it to Arabic astronomy, to
uncover the underlying unity of that science. It was shown that Arabic astronomers chose to
follow the conservative route of development similarly to Lorentz, unlike Kepler who
followed the revolutionary route similarly to Einstein. An explanation is offerred why that
occurred, in terms of a contrast we have detailed between metaphysical rationalism and
scientific rationalism.
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O TEORIJSKOJ PROBLEMATICI ARAPSKIH FIZIČKIH
ZNANOSTI, ILI ZAŠTO ARAPSKA ZNANOST NIJE
OSTVARILA KOPERNIKANSKU REVOLUCIJU
H. Ghassib
Tehnološko sveučilište princeze Sumaye
Amman, Jordan

SAŽETAK
Hegelovska verzija Althusserovog koncepta problematike upotrijebljena je za istraživanje teorijskog jedinstva i
strukture u podlozi arapskih fizičkih znanosti (fizike, astronomije i kemije). Kontradiktorna trijada (povezana s
platonizmom, aristotelijanizmom i ptolomeizmom) uočena je u središtu arapskih fizičkih znanosti. Ovaj rad
fokusira se na smionim pokušajima vodećih arapskih znanstvenika da razriješe te kontradikcije bez nadilaženja
ili ukidanja pretežne problematike. Zatim je postavljeno sljedeće pitanje: zašto je arapska fizika bila
reformistička, umjesto da bude revolucionarna kao fizičke znanosti renesansne Europe? Odgovor je predložen u
terminima povijesti, prirode i pada arapskog racionalizma.

KLJUČNE RIJEČI
arapska fizika, europska znanost, kopernikanska revolucija, problematika
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ABSTRACT
Human resources management has become one of the most important leverages in organizations for
gaining competitive advantage. However, human resources management is in many occasions prone
to nonlinear feedbacks with delayed effect. Burnout effect is one of the problems that are especially
often faced by the experts in learning society. Burnout effect occurs because modern society is a fastmoving, achievement-oriented, very competitive and lead to many stressful situations, which
individuals cannot handle always.
We propose usage of system dynamics methodology in exploration of burnout effect, and its usage in
learning of consequences of burnout effect. Several experiments have been conducted and presented
which indicate increase and collapse behaviour in case of burnout experience by the individual.
Experiments with the model explore the presence of burnout effect in several different situations, with
different pace of its manifestations.
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INTRODUCTION
Burnout effect affects individuals when they work hard and become exhausted, frustrated and
unproductive. It is not just a problem of a lot of work but the attitude the person has towards
its work and obligations [1, 2]. Burnout effect can also be described as a process of emotional
exhaustion, depersonalisation and decreased personal accomplishment especially related to
those who worked in human services [3, 4].
Psychological, medical and behaviour problems such as irritation, depression, violence,
alcoholism, mental illness, heart disease and loss of appetite of over eating can be described to
explain the burnout effect [5]. The source of burnout effect is trying to fulfil high expectations
in a very short time period [1]. It has also implications for the organizational success [6].
There are some careers where burnout effect is more obviously such as teacher comparing
with doctors, nurses and other who works in client-related professions [3, 7]. In order to
avoid burnout effect individuals should relax, looking for help at work, defined limitations,
find compromise for situations, gave realistic deadlines. There are also some strategies to
prevent burnout effect such as: work less, minimize the stress and more relax [1, 5]. Also
using simulation games and simulation models through learning process during educational
seminars can be useful to prepare employees for stressful situations [8] which lead to burnout
effect and can also teach them how to react in that situation.
Goal of the paper is to demonstrate the usage of system dynamics methodology in the
exploration of the burnout effect. The model used is based on the assignment of MIT, named
GSP-A27, where we propose usage of more simplified model in the class [9].
The paper is organized as follows. Introduction part is the first section. In the second section
research methodology and analysis are presented. The model diagram is explained in the third
section. Experiments with the model are described in the fourth section. At the end there is a
conclusion and discussion part of the paper.

METHODOLOGY
System dynamics models are used in many different disciplines [10, 11] because they can
give a very good overview of the structure and behaviour of the system using nonlinear links
and feedback [12-14]. It is important that the approach to the development of the model is
gradual in order to understand better the model behaviour [15-17]. In the next section, we
propose gradual approach of exploration of system dynamics model which provide better
understanding of the model.

MODEL
Model consists on two levels and three rates. It also contains four constant variables, and five
auxiliary variables (Fig. 1). Effect of current health to health deterioration, and effect of
current health on decrease in hours worked per day are presented in Fig. 2 and Fig. 3,
respectively. Model equations are as follows:
Hours worked per day = INTEG ( + increase in hours –decrease in hours, 8),
Units: hours per day,
Number of hours that person works per day.
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INCREASE
FRACTION
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Health
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effect of health on
health deterioration
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NORMAL HEALTH
DETERIORATION
PER HOUR
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Figure 1. Model diagram.

Increase in hours = Hours worked per day  INCREASE FRACTION,
Units: hours per day/Day,
The number of hours by which person daily increases the number of hours he/she works per day.
Decrease in hours = Hours worked per day  DECREASE FRACTION,
Units: hours per day/Day,
The number of hours by which person daily decreases the number of hours he/she works per day.
Health = INTEG ( –health deterioration, 100),
Units: units of health,
State of person’s health. A perfect health is defined to have the value of 100, as in 100 %.
Health deterioration = Hours worked per day  health deterioration per hour worked,
Units: units of health/Day,
Person’s health gets worse as he/she works more.
Decrease fraction = NORMAL DECREASE FRACTION  effect of health on decrease fraction,
Units: 1/Day,
The fraction of an hour by which person decreases the number of hours he/she works per day.
Effect of health on decrease fraction = effect of health on decrease fraction lookup (health ratio),
Units: dmnl,
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The effect of person’s health on the “decrease fraction”. As his health deteriorates, person
realizes that he/she has to stop working so many hours every day, so the “decreases
fraction” grows (Fig. 2).
Effect of health on decrease fraction lookup ([(0, 0) -(1, 100)], (0, 100), (0.1, 100), (0.2, 100),
(0.3, 100), (0.4, 50), (0.5, 26), (0.6, 10), (0.7, 2), (0.8, 1.2), (0.9, 1.05), (1, 1)),
Units: dmnl,
Lookup function for effect of health on decrease fraction.
Effect of health on health deterioration lookup ([(0, 0) - (1, 1)], (0,0), (0.1, 0.435), (0.2, 0.645),
(0.3, 0.79), (0.4, 0.87), (0.5, 0.915), (0.6, 0.945), (0.7, 0.97), (0.8, 0.985), (0.9, 0.995), (1, 1)),
Units: dmnl,
Lookup function for the effect of health on health deterioration per hour worked.
Effect of health on health deterioration per hour worked=effect of health on health deterioration
lookup(health ratio),
Units: dmnl,
The effect of person’s health on the “health deterioration per hour”. As person’s health gets
worse, the fraction of his/her health that deteriorates for every hour he works becomes smaller.
Health deterioration per hour worked = NORMAL HEALTH DETERIORATION PER HOUR
WORKED  effect of health on health deterioration per hour worked,
Units: (units of health/hours per day)/Day,
The fraction by which person’s health deteriorates each day for every hour he/she works.
Health ratio = Health/INITIAL HEALTH,
Units: dmnl,
Ratio of current state of person’s health and his/her initial health.
INCREASE FRACTION = 0,1,
Units: 1/Day,
The fraction by which person increases the number of hours he/she works each day. As
person spends more hours working on the project, he/she likes it more and becomes more
addicted to his/her work, so he/she spends even more hours working.
INITIAL HEALTH = 100,
Units: units of health,
The initial state of person’s health. Assume person is initially perfectly healthy, so his/her
health is at 100 %.
NORMAL DECREASE FRACTION = 0,05,
Units: 1/Day,
The fraction by which person decreases the number of hours he/she works each day while
his/her health is perfect.
NORMAL HEALTH DETERIORATION PER HOUR WORKED = 0,15,
Units: units of health/(Day  hours per day),
The fraction by which person health deteriorates with every hour he/she works.
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Figure 2. Lookup function for effect of health on decrease fraction.
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Figure 3. Lookup function for effect of health deterioration.

EXPERIMENTS WITH THE MODEL
BASE RUN RELATION BETWEEN HEALTH AND DECREASE OF HEALTH
In the model described in the “Generic Structures: Overshoot and Collapse” paper table
function for the “effect of health on decrease fraction” is constructed according to the
following assumptions. Fig. 4 presents behaviour of hours worked per day and health.
The lookup function for the “effect of health on decrease fraction” is a curve whose negative
slope decreases in magnitude. The curve ranges from 0 to 1 for the “health ratio” which is the
ratio of “Health” to INITIAL HEALTH, and from 1 to 100 for the “effect of health on
decrease fraction”. For higher values of “health ratio” table function outputs values close to 1,
and for lower values of “health ratio” table function outputs values close to 0.
The “effect of health on decrease fraction” table function has a negative slope that decreases
in magnitude. When fraction of “Health” remaining is still high, the depletion of “Health” will
not have strong impact on “decrease fraction”. As “Health” decreases, impact of depletion of
“Health” is stronger. Also, when “Health” is equal to INITIAL HEALTH (“health ratio” is 1),
“decrease fraction” is equal to NORMAL DECREASE FRACTION, and the table outputs a
value of 1. As the fraction of “Health” remaining decreases, table output values higher than 1
and “decrease fraction” is higher than NORMAL DECREASE FRACTION.
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Figure 4. Behaviour of hours worked per day and health (base run).

In the base run, when table function is formulated according to the above description model
exhibits overshoot and collapse behaviour. “Hours worked per day” reaches maximum value
of 15,60 hours at 17th simulation day, and “Health” is depleted after 30 days and it decreases
from initial value of 100 % to 59,36 %.
We wanted to see what will happen if table function is constructed under different
assumptions [17]. We have simulated the model behaviour under following scenarios: (i)
relation between health and decrease of health is linear, (ii) relation between health and
decrease of health is less elastic than the base run, and (iii) relation between health and
decrease of health is more elastic than the base run.
LINEAR RELATION BETWEEN HEALTH AND DECREASE OF HEALTH
Linear relation between health and decrease of health is represented by the lookup function
represented at Fig. 5. Table function has again decreasing slope, but which is equal for the
entire range of input values. Therefore, an increase in the “health ratio” for the one unit
causes the decrease in the “effect of health on decrease fraction” for the one unit. Besides of
that, table function is constructed according to the same assumptions as under base run.
Again, model behaviour has remain unchanged, and model exhibits overshoot and collapse
behaviour (Fig. 6). “Hours worked per day” reaches maximum value of 8,56 hours at 1st
simulation day, and “Health” deteriorates to the level of 91,90 % from initial value of 100 %.
LESS ELASTIC RELATION BETWEEN HEALTH AND DECREASE OF HEALTH
(DECREASE SLOWER)
Less elastic relation between health and decrease of health compared to the base run is
represented with Fig. 7. Table function for the “effect of health on decrease fraction” is
constructed under same assumptions as in the base run, but maximum value for the table
function is lower and is set to 10 instead to 100. Therefore, the “decrease fraction” becomes
10 times larger than NORMAL DECREASE FRACTION.
Model still exhibits overshoot and collapse behaviour. Number of “Hours worked per day”
decreases slower than in the base run, and it reaches maximum value of 16,98 hours at 20th
simulation day (Fig. 8). After 50 days “Health” decreases from initial value of 100 % to 34,59 %.
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MORE ELASTIC RELATION BETWEEN HEALTH AND DECREASE OF HEALTH
(DECREASE FASTER)
More elastic relation between health and decrease of health compared to the base run is
represented with Fig. 9. Table function for the “effect of health on decrease fraction” is again
constructed under same assumptions as in the base run, but maximum value for the table
function is higher and is set to 200 instead to 100. Therefore, the “decrease fraction” becomes
200 times larger than NORMAL DECREASE FRACTION.
Model still exhibits overshoot and collapse behaviour. Number of “Hours worked per day”
decreases faster than in the base run and it reaches maximum value of 8,42 hours at 1st simulation
day (Fig. 10). After 15 days “Health” decreases from initial value of 100 % to 93,33 %.

DISCUSSION AND CONCLUSION
We have constructed several table functions for “effect of health on decrease fraction” and
for each specification we have simulated the model. Table 1 contains the summary.
Although model exhibits overshoot and collapse behaviour for every one of table functions,
there are important differences between simulation runs. When table function was steeper
than in the base run and when it was linear model shows unrealistic behaviour because
number of “Hours worked per day” reaches maximum value in only one day and it is just a
little bit higher than initial. Also, “Health” decreases for less than 10 %.
Model exhibits overshoot and collapse behaviour, but to such a small magnitude that it could
be ignored because it is not realistic [14]. When table function was flatter than in the base
run, number of “Hours worked per day” reaches maximum value later than in the base run,
but model behaviour is still realistic. Graphs of the model behaviour confirm the conclusions
(Fig. 11 and Fig. 12).
Individuals are affected by the burnout effect in situations when they work too hard and
become exhausted, frustrated and unproductive. Behaviour of burnout effect has been
explored by the usage of system dynamics approach. We have demonstrated presence of
burnout effect in several different situations presenting different effects of health on decrease
fraction. Based on our simulation results, it is obvious that the same pattern of behaviour
emerges for the different values of effect of health on decrease fraction. However, that effect
is stronger when the relation between health and decrease fraction in more elastic. In other
words, burnout effect is more likely to emerge faster in situations when individuals have
some initial health problems, thus producing reinforcing behaviour. In future studies we plan
Table 1. Results of the simulation for different table function specifications for “effect of
health on decrease fraction”.
Scenario
Maximum value for Time at which “Hours
Equilibrium
“Hours worked per worked per day” reaches level for
day”, hour
maximum value
“Health”, %
Table function has
59,36
positive and
15,60
17th day
decreasing slope
Table function is linear
8,56
1st day
91,90
with negative slope
Table function is
16,98
20th day
34,59
flatter
Table function is
8,42
1st day
93,33
steeper
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to construct simulation learning environment that could enhance learning experience of
human resources management experts.
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SAŽETAK
Upravljanje ljudskim resursima predstavlja jednu od najvažnijih organizacijskih jedinica za ostvarivanje
konkurentske prednosti. Međutim, upravljanje ljudskim resursima u većini slučajeva ovisi o nelinearnoj
povratnoj vezi s efektom kašnjenja. “Efekt izgaranja“ predstavlja jedan od problema s kojima se često susreću
eksperti u društvu znanja. “Efekt izgaranja“ se događa zbog brzine života u modernom društvu koje je
orijentirano pretežito ostvarivanju uspjeha, koje je izrazito konkurentno i natjecateljsko što vodi mnogim
stresnim situacijama, s kojima se pojedinci ne mogu uvijek nositi.
U članku predlažemo korištenje metode sistemske dinamike s ciljem istraživanja “efekta izgaranja“ i boljeg
razumijevanja njegovih posljedica. Provedeno je nekoliko eksperimenata te su prikazani rezultati koji upućuju
na različit način ponašanja pojedinaca prilikom “efekta izgaranja“. Eksperimenti i model istražuju postojanje
“efekta izgaranja“ u nekoliko različitih situacija, koje predstavljaju različite brzine njegove manifestacije.
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efekt izgaranja, sistemska dinamika, zapošljavanje, ljudski resursi
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ABSTRACT
The question of how to measure and aggregate happiness is more than a century old. In recent years, its
relevance has risen due to efforts to replace the GDP with an index more indicative of well-being,
though such efforts are fraught with serious conceptual problems. After briefly recalling these problems,
we suggest to address them by using, instead of the common ordinal utility, an alternative quantity that
is maximized in economic transactions. This quantity counts the number of future possibilities a
commodity opens. The big advantage of this approach is that, in principle, the number of possibilities is
an objective measure which allows for intra- and interpersonal comparison. We lay out the framework
of the model and then discuss its relevance for social welfare. While we do here not explicitly compute a
measure supplementing the GDP, we sketch how this could be done in practice.
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PROBLEMS WITH THE UTILITY
The utility function, the central ingredient to micro-economics, can be understood as an
abstract measure for happiness. Originally this happiness was considered to be an, at least in
principle, measurable quantity, but by the beginning of the 20th century economists had
convinced themselves happiness is fundamentally subjective and evades any absolute scaling.
Quantifying one person’s levels of happiness (intrapersonal), and comparing different
persons’ levels of happiness (interpersonal) should thus be avoided because such efforts are
eventually meaningless. Fortunately, in 1906, Pareto showed that an ordering of preferences
in ‘good’ and ‘not so good’ choices without an absolutely quantifiable measure is sufficient
to reach an efficient equilibrium that maximizes happiness [1]. The absolute cardinal utility
was thus replaced with the ordinal utility, and the concept of ‘happiness’ by that of ‘choice’
or ‘preference.’ Though in practice one often uses a particular quantification for the utility,
this utility can be rescaled by an arbitrary monotonically increasing function.
While this shift from the cardinal to the ordinal utility has been advantageous by rendering
it unnecessary to deal with subjective quantities, the utility is a problematic concept for
several reasons.
The most basic problem is one of interpretation. With the use of the utility, the pursuit of
happiness was conjectured to be the fundamental driving force of our economies. Selfevident as that might sound, putting aside for a moment our personal strive for happiness and
looking at the evolution of civilizations, the idea that optimization of human happiness is
what underlies the dynamics of this system does not make much sense. Being happy about
ones actions is not the driver of evolution, neither the biological nor the economical one. It
just happens that those who are happy about actions that also benefit the functionality of their
metabolism have the advantage of desiring to do what helps them survive. Stil, what is
fundamentally important for natural selection is survival, not happiness. The deceptiveness of
happiness becomes clear when we consider drugs that stimulate the brain’s reward system,
promising happiness on the expenses of early death.
However, it is unnecessary to attach any particular interpretation to the utility. In models
building upon it goods are utilized, but for no other purpose than to optimize the utility. One
might thus postulate the utility as just some function that people happen to optimize in their
decisions – it is thus fundamentally a concept empty of meaning. And while this point of
view does away with the interpretational issue and is unproblematic from a mathematical
perspective, it is experimentally unfalsifiable and thus scientifically problematic. Without an
interpretation of the utility function independent of consumers actions, the question whether
consumers do optimize their utility function can no longer be decided because it was postulated
whatever they do is expression of that optimization already, and their behavior just reveals
their preferences (certain properties of the function however can be subject to experiment).
Another fundamental problem is that with ordinal utilities different consumers cannot be
compared since it cannot be decided whether one person’s happiness exceeds that of another.
Though this seems reasonable, the problem it causes becomes clear with the second welfare
theorem. There are arbitrarily many states of our economy optimizing individual happiness
that differ in the distribution of wealth. If a distribution of wealth is particularly uneven, one
does intuitively think of trying to increase happiness by redistributing from the rich to the
poor on the rationale that a rich man is less affected by the loss of $5 than a poor man by its
gain. Leaving aside the question how such a redistribution would be implemented, this
process would decrease the happiness of the rich, but increase that of the poor. However,
since the utility of different consumers cannot be compared and therefore cannot be
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aggregated, there is no way to find out whether the increase in happiness outweighs the
decrease. There is thus no rationale for such an action based on the standard micro-economic
theory. Only after defining a ‘social welfare function’ that essentially provides a weight for
each consumer and thus allows to sum up or compare utilities becomes it possible to optimize
‘social welfare.’ Exactly, what is optimized then depends in general on the definition of
‘social welfare’ underlying the so-defined function. The utilitarian (Benthamite) welfare
function for example treats all consumers the same irrespective of their circumstances of living.
In contrast to this, a Max-Min (Rawlsian) welfare function is maximized when the utility of
those consumers who have the least is the greatest. There are further various other functions
that one can chose, each of which offers a different notion of aggregation and of ‘social
welfare.’ The use of the ordinal utility thus rendered the notion of ‘social welfare’ ambiguous
and made it impossible to satisfactorily tackle many important problems in welfare economics.

THE PURSUIT OF HAPPINESS
One might then ponder the question whether neuroscientific advances will eventually allow us
to indeed measure brain activity representing particular emotional states. Even if this became
possible however, it is doubtful this would be meaningful for the economic purpose. Not only are
there many ways of happiness and a direct response to stimulus is only one sort, this approach
also raises the question what the relation between such brain activity and the economic
relevance of the brain’s owner should be. The idea that the ability of one’s brain to reach high
levels of electrical or chemical activity means some consumers are more, some less receptive
to the unpleasantries of poverty is morally questionable and practically not very useful.
It thus remains the abstract notion of a preference map that is assumed to be existent but
unknowable in principle, and only the used preferences are observable after they were acted
upon. There are some few economists outside the mainstream who pursue the construction of
a cardinal utility for either interpersonal or intrapersonal comparisons, based on neurological,
psychological or statistical measures, see e.g. [2-4] and references therein. The more widely
accepted approach of ‘New Welfare Economics’ measures people’s satisfaction with social
conditions by their willingness to pay, respectively accept, a monetary compensation for
change, relaxing Pareto-efficiency to Kaldor-Hicks-efficiency. However, also in this case a
cardinal measure for utility has to be used, thus the problem of aggregation remains.
The utility is thus an unsatisfactory basis for a model of our economy. One might instead take
the analogy to biology seriously and attempt to explain our economy as a direct continuation
of natural selection, an approach pursued in the context of sociobiology. And though such a
reduction to more basic principles might theoretically be possible, our economic system
exhibits such complex features and such a plethora of emerging social and cultural properties
it seems a very challenging task to derive a useful model in this way.
The question of quantifying happiness recently raised to renewed importance. Within the last
decade, it has become widely acknowledged that the GDP is a poor measure for a nation’s
well-being, one of the main reason being that it leaves aside the happiness of the nation’s
citizens. There are thus many suggestions to replace or adjust the GDP with ameasure that
better represents the nation’s success, among others the Happy Planet Index1, the Index of
Sustainable Economic Welfare, or the Genuine Progress Indicator (for a review on these
alternative measures, see [5]).
The awareness of the shortcomings of the GDP has meanwhile spread from academia to
politics. In 2008, French President Nicolas Sarkozy asked U.S. economist Joseph Stiglitz,
winner of the 2001 Nobel prize in Economics and a critic of free market economists, and
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Armatya Sen of India, who won the 1998 Nobel prize for work on developing countries, for
advice on how to raise data more representative of his nation’s status. The French government
has since brought into life the Commission on the measurement of economic performance and
social progress2 to pursue this aim. In November 2010, British PrimeMinister David Cameron
announced his government’s plans for measuring happiness [6], and it is not hard to predict
that other nations will follow these examples.
Such efforts to improve the GDP and deviate competition for its optimization to a measure
more indicative for well-being are overdue and welcome, but unfortunately do not solve the
previously discussed problems of quantifying and comparing different people’s happiness.
Making use of surveys or similar means to obtain data is nothing but a specific procedure of
aggregation that attaches a chosen weight to everybody’s state of mind, making it possible to
add the results together and arrive at a quantity for the whole nation. Intuitively, fairness
seems to demand to assign the same weight to every citizen. But as we have seen in the
previous section there is no scientific basis for this assignment. One might for example argue
that a person’s suffering from environmental distress depends on their exposure and such on
their place of living, which should be reflected in the weighting of their (un-)happiness. Or
consider it was shown that the genetic ancestry of the majority of one nation’s citizens is
responsible for a generally higher contempt with their social status. Should we not then take
this into account when comparing the happiness of different nations? And if so, how?
We are thus back at the century-old problem of how to aggregate happiness.

POSSIBILITY VERSUS UTILITY
Considering the problems with aggregating happiness, we will here follow a different
approach to address the question of societal well-being. We propose that the maximization of
utilities is not the fundamental driving force, neither of the individual, nor of our combined
social, political and economical systems, but that it is another quantity that is being optimized.
The hypothesis is that what we work towards instead, both personally and collectively, is
optimizing possibilities. This quantity constitutes an utility function, thus leaving the
apparatus of microeconomics functional as usual, but this utility function has the merit that it
can be aggregated, thus solving the previously discussed problems. We will further argue that
possibilities provide a substitute for happiness that is at least in principle objectively quantifiable.
Let us start then with asking a simple question: Why do we work to get rich? Money itself is
not of use, except possibly to paper the walls. As the saying goes, one cannot eat money.
Money however promises safety, and it brings influence. It is not money itself that we desire,
it is the possibilities it opens, whether we will eventually use them or not. What we aim to
avoid is running out of possibilities, since lack of possibilities brings us in great risk of
becoming victim of changing circumstances that we cannot adapt to. Without possibilities
there is no change, without change there is no innovation, without innovation no progress.
The whole power of capitalism stems from the allocation and investment of money to explore
further possibilities. Heidegger described death as the possibility of impossibility of all
possibilities3, a phrase that seems equally apt also for bankruptcy.
This might serve as a motivation for why we will in the following consider maximizing
possibilities as the driving force for the dynamics of our economies. It should be understood
this is a hypothesis, but one that we hope becomes plausible and whose usefulness becomes
apparent in the following. Eventually however, it would need to be tested by contrasting it
with real world data. But first we need to lay out what the economy looks like.
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The economic system is described by a network with N nodes of agents, exchanging M goods.
Agents, denoted FA, could be consumers or producers, households or companies. Goods are
anything that can be exchanged between agents, including labor, money, services or
information. Agents have each an inventory with entries xAa(t), which is the amount of good a
agent A has at time t in some agreed upon basis of units. The set of basis vectors containing
one item of a good span the space of goods X, its zero vector will be denoted 0 (goods that do
not belong to anybody may be considered belonging to a dummy agent). We will neglect that
goods might be perishable and thus strictly speaking should have a time dependence too, but
this could easily be incorporated in the framework.
The links of the network are described by a tensor EABa(t), where capital indices label agents
and run from 1 to N, and small indices label commodities and run from 1 to M. Then EABa(t)
is the amount of good a exchanged between agents A and B at time t. The entries can be
positive or negative valued, depending on whether a good was obtained or given away, it is
thus4 EABa = −EABa. We will for convenience assume that exchanging goods happens
instantaneously. The time parameter itself is not necessarily related to any real clock, but just
what prevents everything from happening at once, as J. Wheeler put it. Time proceeds in
discrete steps with step size t. An agent FA with no links connected to it will have EAB(t) = 0
for each B. We will call it ‘inactive’ at time t. We will refer to a trade as being ‘possible’ if
the agent can reach agreement on it with an exchange partner. With a slight abuse of word,
the trades encoded in EA do include non-exchange actions, such as giving a gift without
return but, more importantly, connecting a good to a previously inactive node.
The network we are considering does not grow in the sense that N and M do not change with
time. However, a good might not have been be produced or exchanged, or an agent might
have been inactive before a time t0. The network itself is not necessarily simply connected at
any time. These quantities are schematically depicted in Figure 1.
The nodes of the network are the agents with action functions FA that act on input at time t to
produce output at time t + t
FA: X  X, FA: xAin (t )  xAout (t  t ) .
(1)
These functions will generally be non-linear. They contain all the details about the individual
agent, in particular his memory, expectations and future plans and thus the conditions under
which it will agree on transactions EAB. The actions of the agent encoded in this function will
in general depend on what input he previously used (what goods consumed, what services
used). The agent FA might for example contain how well maintained a factory’s machinery is,
FB, IB
ECB

EAB

FC, IC
EEB

FA, IA

EDB
ECD

FF, IF

FE, IE
FD, ID
Figure 1. The state of the economy at a moment in time. Depicted are links with
nonvanishing exchange matrices. The agent FF is inactive.
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or what skills a worker has acquired over his lifetime. Any production process defines a
‘netput’ vector
xAnp (t )  xAin (t )  FA ( x inA , t  t ) .
(2)
We will refer to two production plans as being different if their netput vectors differ. The
state of the economy at time t is described by the set S(t) = {xA(t), EAB(t), W(t)}, where W(t)
contains all external conditions of the world that are not already described by the network,
such as for example the weather, the geological environment, or the political system. It also
contains all externalities that might influence the agent’s actions but are not obtained by trade.
The actions of agents in the network can be affected by and affect the external conditions.
FA(t) andW(t) encode the dynamics of the system. While W(t) should in principle be given by
an evolution law, in practice it will only be known probabilistically. Quantity FA(t) depends
on the actions of the agent in each time step. We will use Si to refer to a specific initial state
at time ti.
The agent’s inventory updates according to

x A (t  t )   E AB (t )  FA x A (t ), t  .

(3)

B

saying that the inventory at time t + t is what was produced from the inventory at time t plus
goods obtained from trade. At each time step the agents decide what to do with their
inventory. The actions they can perform is producing output from input and/or connecting
inventory to other nodes. They can connect to inactive nodes, which describes the creation of
a new process (or at least the attempt to do so). Agents do not necessarily have to use all of
their inventory at one time step.
We can now define what we mean with the notion of possibilities. The total number of
possibilities of the network PS(t) at one time moment is the number of different actions the
economy’s agents could take. More important than the possibilities at one moment in time is
the number of possible actions over a period of time. Since an agent’s actions affect that and
others’ agents inventory and the state of the economy, the possibilities at later times will
depend on the previous choices. Each time-ordered series of possible actions defines a history
of the economy H(Si, te). Each different action of any agent defines a branching of the paths
of the state of the economy. The total number of possible paths from Si to a final time te we
will denote #H(Si, te). It will in general depend on the external conditions W(t). Figure 2
depicts a tree of such states.
Let us state the following hypothesis:
Hypothesis: Given an initial state Si and an endtime te the economic system maximizes #H(Si, te).
The endtime te could theoretically be infinite, but more realistically would be the time when
our economic system is no longer adequately described by the here proposed framework,
either because of significant changes of the human species, our social systems, the
environment, or a combination of those. While this is philosophically a troublesome time to
set, we will see in the following that for practical purposes we need not fix this unknown time
anyway. In case #H was infinite, one further would have to deal with ratios of the number of
paths which would be an added complication but theoretically doable. However, this too will
turn out not to be necessary in practice.
Maximization with a given initial condition does not necessarily mean an increase of
possibilities with time. The initial conditions could result in a breakdown of the system with
any possible course of action, such that even the optimal history results in a decrease of
possibilities. Note further that the quantity defined here does not leave interpretational
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te

ti
Si
Figure 2. Every path from ti to te is a possible evolution of the state of the economy S. Dots

in this diagram correspond to states of the network as depicted in Figure 1.

questions open. It is not the possibilities for a particular purpose that are being counted, but
just all possibilities.
That is as far as the evolution of the system is concerned. One should understand this in a
similar sense to the working of natural selection that optimizes the survival chances of genes.
While this might be the underlying trend of Nature as a whole, looking at the behavior of an
individual organism over a short period of time, an organism might do better or worse in
reaching this goal. Consequently, the selective process in the whole system might proceed
faster or not so fast, and at any time we will be faced with some variety of species that
perform differently. Thus we have to ask now how the individual behavior supports this
maximization of possible histories.
For this purpose we define an agent’s possibilities in a state of the economy PAS(t) as the
number of all possible actions that the agent could take with his inventory at this time. For
example if the agent has 3 apples, 2 empty bottles and 5 bananas, he could trade 1 to 3 apples,
1 or 2 bottles, and/or 1 to 5 bananas with whoever is willing to trade them. Or he could
consume some apples or bananas, or make juice of some of the apples (both of which would
be a production process), or any combination of this. Then the space of possible actions is
 A (t ) 

x

e
A



(t ), x inA (t )  x Ae (t )  x inA (t )  x A (t ) ,

(4)

where x Ae is a possible trade for agent FA, x inA is the input of a possible production process,
and the inequality is as usual meant to hold for every entry of the vector. This space is
degenerate since not all of the production processes might differ in their netput vector. Once
could e.g. add input that is not used in a process altogether, but this should not count as an
additional possibility. Thus we formally mod out these options over the set of netput vectors
A/{ x Anp }, meaning we only count two elements of A as different possibilities if their
netput vector differs.
The number of possible actions of the agent is then the cardinality of that space
PAS(t) = #A/{ x Anp }.
Note that according to our definition of the exchange matrices, this space contains the actions
of connecting goods to a previously inactive node. That would correspond e.g. to the agent of
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putting his bananas on a pile and hoping for somebody to bring milk and a mixer. As before we
then see that the number of possibilities at one time is not a particularly insightful quantity. This
space is vast, but a lot of the possible actions will significantly decrease future possibilities (the
bananas may just rot away). More relevant is thus the number of possible future evolutions an
action opens. We define the space of all possible time-ordered sequences of actions from an
initial state to an endtime to be HA(Si, te). The number of possible paths is then #HA(Si, te).
An agent’s possibilities depend on his inventory, but they do also depend on the network
architecture and his location in it, and thus eventually also on the actions of the other agents.
This, too, is similar to natural selection – the agent’s performance depends on the
environment that is also used and shaped by others. This then adds an additional uncertainty
to his optimization problem. If he assumes all other agents decide their actions using the same
model as he does, their behavior is not uncertain, but in general this lack of knowledge about
the other’s behavior does enter the estimate of probabilities for different paths. What each
agent individually tries to achieve is a maximization of future possibilities. While this would
be an exact prescription if the evolution of the state of the world and the model agents use to
make decisions was known, in lack of this knowledge only probabilities for possibilities can
be given. Into the optimization then enters the agent’s willingness to take risk.
Before discussing the consequences of this setting, let us note that the number of possible
paths (of an agent or of the economy itself) will grow in time just because choosing from a
fixed set options in each moment already allows for many different histories. If there are n
different choices, and this number remains constant over time, the number of possible paths
will grow with n ( t e  ti ) / t . A more useful quantity to characterize the growth of possibilities is
thus the natural logarithm of the number of histories Q(t): = ln PS(t), or for the single agent
QA(t): = ln PAS(t). If the time derivative of these quantities vanishes, the set of options
remains constant.
Another important point is that an agent tries to maximize possible paths of actions for a
particular time period TA. This time period might be individually different and might or might
not exceed the agent’s own lifetime. If it is a sharp cutoff, it corresponds to the “Buxton
Index” [7]. More generally, if the agent instead considers short-term maximization more
relevant than longterm maximization he would discount the future in the usual way. Though
TA theoretically could be infinitely long, humans do not usually make plans for eternity. It is
for this reason that the endtime te is practically irrelevant since one would not expect it to
enter any human considerations.
In their optimization process, agents are subject to biological, physiological, psychological
and cognitive constraints. The first three represent constraints on what an agent can or will
agree to do, while the latter is a constraint on how well he can plan and judge.
As far as the first three constraints are concerned, for example the survival of an agent is a
prerequisite for her further action and thus a top priority, and she will have to balance leisure-time
with work time to remain resilient and functional over a maximal time period. Agents might
further have a limited ability to adapt to changing conditions which constrains their courses
of actions and might result in self-limiting their actions to histories that evolve slow enough
to accommodate their needs5. These constraints are encoded in the agent’s functions FA, and
with them taken into account the outcome of the optimization might be lowered. The
constraints might be expressed in the form that if #HA increases rapidly, or if there are
substantial changes to the network structure, the productivity of the agent decreases.
Given these constraints on what the agent can and will do, it is thus not surprising
possibilities are positively correlated with happiness, since well-being is in many cases
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beneficial for productivity and creativity. The difference between optimizing either would
become apparent if it could be shown people sometimes chose to increase their possibilities
rather than increasing their happiness. While in a slowly changing environment (slow in
comparison to effects of natural selection to become relevant, i.e. at least some generations),
both should be well aligned with each other, in a fast changing environment happiness might
be optimal for choices that do no longer optimize possibilities since biological adaption has
not caught up6. Agents also have finite cognitive abilities, meaning they will not be able to
accurately evaluate and judge all possibilities they have and thus will make mistakes. An
agent that performs very badly, e.g. by choosing an action that drastically limits his future
possibilities runs in great risk of becoming inactive, and in any case reduces his potential to
influence the course of the economy. This is just because it is exactly those with few
possibilities who have few impact on future change. The economy will thus come to be
dominated by agents that perform well in optimizing their possibilities7.
The number of an agent’s possibilities for taking a particular action represents a utility
function of that agent. As we noted earlier, for micro-economics it is irrelevant exactly what
the function to be optimized describes. In contrast to the usual case however, the number of
possibilities is an absolute number that also allows for intra- and interpersonal comparisons.
Let us then discuss how the individual level connects to the collective level.

WELFARE ECONOMICS
Merely looking at individual actions, the total number of possibilities for the whole economic
system is not automatically maximized. Consider for example a network structure describing
a free market. In this situation, we know that the individual actions will work towards Pareto
efficiency. The number of possibilities however is an aggregated measure not taken into
account in this efficiency. There could thus be trades that do decrease the possibilities of some
agents, but do increase the possibilities of a larger group of agents, leading to an overall increase.
At this point it becomes relevant that our economic systems are always complemented by
social and political systems. The social and political context is commonly treated as external
to the economic system, providing rules, regulations and norms, which we previously
encoded in the function W(t). However, we should actually be interested in the combined
dynamics of the whole, since social values, politics and economics have a non-negligible
interaction and neither of them can strictly speaking be considered independently. Their
separation is an additional assumption that will not in general be fulfilled. Then, for the
question of collective optimization, the optimization should be one of all these systems
combined. In this case, the function W(t), that we previously considered as externally given,
is a function of the variables of the economy, and the central hypothesis is that in this case the
optimization includes W(t). Treating the political and social environment as external is
however often justified since one might argue that the political process operates more slowly
than that of the economy and social norms and values change even more slowly. The question
of social welfare we want to address in this section then concerns the combination of political
environment and the economy.
The central hypothesis offered here is, again, that we work towards maximizing our total
possibilities. Pareto efficiency alone is then not necessarily optimal and thus our economic
systems are not entirely free markets but complemented by laws, regulations, and taxes
supposed to complete the task of optimization the economy does not already fulfill. This then
provides a rationale for many governmental public services that lack a justification if one
believes in the free market paradigm: a good education opens future possibilities; retirement
options ensure we do not run out of possibilities when we age; social and health insurance are
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supposed to lower the risk of early death. Even the political system itself can be more or less
helpful to this end of optimizing possibilities. Democracy is based on personal freedom, and
providing a social and political environment supportive of upwards mobility is the essence of
maximizing everybody’s possibilities.
Human beings further naturally have an interest in ensuring the survival of their offspring.
Many of us work hard to make the world a better place for future generations. The relevance
of improving our lives and the lives of those to come is a motivation for constant innovation
and improvement, and not spoiling the possibilities of future generations is what underlies the
environmental movement, captured in the proverb “We do not inherit the Earth from our
parents, we borrow it from our children,” reminding us of our responsibilities.
Environmental protection is often origin of heated argumentation because we frequently use
for our present well-being resources that might no longer be available in the future.
Employing the utility function we would wonder how much more important our happiness
now is compared to that of coming generations. As previously discussed, even neglecting our
limited ability to predict the future, such a comparison is impossible since different agent’s
happiness stand in no absolute relation to each other. Similarly, whether or not people were
less happy some centuries ago because their lives were on the average shorter and offered
fewer possibilities is a question we will probably never be able to answer.
But with the above outlined framework we can now rephrase this discussion. Does
voluntarily reducing growth now and thus giving up possible histories in the short-term, or
causing a reduction of possibilities in the future and giving up branches in the long-term,
amounts eventually, with some probability, to more or less total possibilities? And while this
reformulation still contains the problem of estimating the evolution of the system and is
challenged by the inaccuracy of our predictions, it does no longer entail the necessity of
comparing agent’s ordinal utilities.
The case is similar with uneven distributions of wealth displaying a gap between rich and the
poor. While a comparison between a rich man’s and a poor man’s utility for $5000 cannot be
done, the increase or decrease of future possibilities opened with this check can be compared.
Providing a family in a developing country with basic immunizations and a mosquito net can
vastly increase their future possibilities, while giving up the amount of money needed for this
in a developed country might hardly decrease the number of possibilities.
As before when comparing the now with the then, this comparison between the here and the
there does still depend on our ability to estimate future evolution, but it got rid of the problem
with relating different peoples’ utilities. Of course the question what action increases the total
number of possibilities is infinitely more involved than the brief examples above.
Redistributing wealth causes disincentives for work, which might eventually reduce
possibilities even further. There also remain the questions of value, for example what amount
of reducing somebody’s possibilities to increase the total possibilities is considered fair, as a
redistribution considered unfair may lead to political frustration and eventually also decrease
rather than increase possibilities. The point here is not to make any claims what particular
action is beneficial for social welfare, but that the quantification of possibilities is a useful
tool to characterize the impact of planned actions. How many possibilities is one country
willing to give up to increase the possibilities of another country? How much risk should we
export on future generations? These are questions that only political process can decide. What
we can do however is to provide a measure for the impact of such decisions.
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DISCUSSION AND SUMMARRY
We have here proposed that individuals strive to optimize the number of future possibilities
and that our political systems are tools to collectively improve on the total number of
possibilities of a group or nation. Of course these tools are imperfect. Like individual human
action, the realized political environment can work better or worse towards the maximization
of total possibilities since we might be lacking information, understanding, or just make
wrong decisions. Much like the efficiency of our economic system has benefitted from a
(partial) theoretical understanding of its models, the function of our combined economical
and political system might benefit from understanding the here proposed model.
It is however not necessary to believe the hypothesis proposed here to find the number of
possibilities a useful quantity: The number of possibilities provides a substitute for the
ethereal notion of ‘happiness’ and thus makes a scientifically sound aggregation possible.
While we have here not constructed explicit examples, it is in principle a quantifiable
measure. For practical purposes, one would of course have to make simplifying assumptions.
Consider one would like to quantify the possibilities of two families in two different nations
for comparison. First, one would chose a suitable time-step, say, one month, and a suitable
time period over which to trace histories, say, four years. Then, one would have to agree on
what aspects of life to consider – access to goods, education, public and private services,
health care, etc – and itemize them or assign to them suitable amounts, each constituting a
possible, discrete, choice. In addition, one might consider a number of representative
contingencies of interest that might happen with some probability, for example a dry summer
or illness of a family member. After this, one could compute what possible combinations of
choices the person can make with their monthly income. Lacking health care for example
might mean for a family with a sick child that their possibilities are drastically reduced.
Lacking access to transportation might reduce the access to education or medical help, both
resulting in a lowered number of future possibilities. The selection of goods reflects the
general infrastructure and status of the economy, while the job opportunities affect the
families’ possibilities through the monthly available money to spend.
Of course the so constructed measure would only be an approximate indicator of the ‘true’
number of possibilities and depend on the selection of histories considered, but with suitable
choices it could provide a good impression of a nation’s well-being.
One can devise tests for the here proposed hypothesis along the same lines. To that end, one
needs to study situations where people, besides engaging in economic exchange, have
collective decision making processes that supplement the free market mechanism. While
most democracies are of that sort, for practical purposes a smaller system would be preferable.
A real-life example may be agricultural communities in developing countries, or possibly
some game can be devised which simulates a suitable setup. One then needs again a
quantification and discretization of possibilities as outlined in the previous paragraph. The
question to test is whether people collectively strive to a situation where, given sufficient
information, the aggregated number of possibilities for all of them is maximized.
In summary, we have proposed here that the dynamics of our combined economic and
political systems work towards optimizing the number of possibilities. Considering only the
economy, the number of possibilities constitutes a cardinal utility function that allows intraand interpersonal comparison, and thus makes aggregation possible. This aggregation results
in an additional measure whose optimization cannot be achieved within the economy alone,
thus providing a rationale for politically pursued social welfare. We have further outlined
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how the number of possibilities can in practice be calculated by selecting representative
goods, public and private services, as well as contingencies. In this manner, it may provide a
measure supplementary to the GDP.
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REMARKS
http://www.happyplanetindex.org.
http://www.stiglitz-sen-fitoussi.fr/en.
3
Die Möglichkeit der Unmöglichkeit aller Möglichkeiten.
4
In an economy with fiat money, most of the exchange will happen via one particular good
4
that counts this money. While the exchange matrix then will remain mostly empty, this case
4
is also covered by the outlined framework.
5
Irvin Yalom lists ‘freedom’ as one of the four existential fears, since being faced with too
5
many choices can greatly increase the anxiety to make irreversible mistakes. Some religious
5
sects refuse making use of medical or technological achievements of our modern 5civilizations
5
(one might say though with the attempt to increase possibilities in afterlife). These are only
5
two examples of how psychological constraints might result in self-limiting ones possibilities.
6
A large number of people in the Western world nowadays suffers from permanent stress in
6
reaction to the demands of their every-day life. This biological stress reaction is arguably a
6
relic of evolution that is in most cases no longer beneficial in the modern world. One may
6
ponder the question then if not the holding-on to a stressful lifestyle is an expression of
6
optimizing possibilities rather than happiness.
7
At least over their own lifetime. Increasing one’s lifespan or immortality could result in a
7
dramatic increase of individual possibilities. It is thus unsurprisingly a goal that is vigorously
7
pursued.
1
2
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O PROBLEMU MJERENJA SREĆE
Sabine Hossenfelder
NORDITA
Štokholm, Švedska

SAŽETAK
Pitanje kako mjeriti i prikupljati sreću starije je od stoljeća. Zadnjih godina njegovo je značenje poraslo zbog
težnji da se BDP zamijeni indeksom koji bi bolje indicirao blagostanje, iako su takve težnje povezane s
ozbiljnim konceptualnim problemima. Nakon kraćeg navođenja tih problema predlaže se da im se pristupi,
umjesto uobičajenom ordinalnom korisnošću, alternativnom veličinom koja je maksimizirana u ekonomskim
transakcijama. Ta veličina broji buduće mogućnosti koje se otvaraju zahvaljujući robi. Velika prednost ovog
pristupa je to što je, u principu, broj mogućnosti objektivna mjera koja omogućuje individualnu usporedbu ili
usporedbe više osoba. Postavljen je okvir modela i prodiskutirano njegovo značenje za društveno blagostanje. U
radu nije izravno izračunata mjera kojom bi se zamijenio BDP nego je naznačeno kako bi se to provelo.
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funkcija blagostanja, alternativa za BDP
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ABSTRACT
It is hypothesized that pursuit of human happiness is carried out through adaptive change in utility
functions by drawing lessons from, in an ex-post manner, the effect of short run utility maximizing
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Utility maximisation as a pathway for maximisation of happiness

INTRODUCTION
PROLOGUE: CONTRADICTIONS AND CONNECTIONS BETWEEN UTILITY
MAXIMIZATION AND THE PURSUIT OF HAPPINESS
Utility can be defined in two ways (the discussion of these two types that follows is based
on 1). The first one corresponds to ‘decision utility’ or ‘wantability’ – an ex-ante ranking of
preferences used to make choices. Utility is revealed by actual choice in this case – when an
individual faced with a range of options actually makes a choice then that choice is revealed
to be utility maximising over the mentioned range. The second notion of utility is in the
nature of ‘experienced utility’ and was formulated by utilitarians such as Jeremy Bentham.
They claimed that this notion – which disappeared from practical use by the beginning of the
20th century – was very similar to happiness. Edgeworth’s Mathematical Psychics 2 even
went so far as to define happiness as the temporal integral of momentary experienced utility.
But is our own conception of utility immutable during our lifetime? Or does it exhibit
dynamism as we flounder or progress in the achievement of happiness? I feel that such
questions are worth answering if the process of ‘utility maximisation’ – one that economists
lay so much stress on – is to be linked to the pursuit of happiness, which is arguably the
objective of human life.
The objective of this paper is to sketch out a research agenda that would add greater insight to
our understanding regarding whether, to what extent and how the process of utility
maximisation is linked to the pursuit of happiness. In what follows we show through
illustrations/thought experiments that evolutionary mechanisms might possibly link utility
maximisation and happiness. By ‘evolution’ we do not refer here to the evolution of a
population cohort or species over time. Rather we refer to the evolution of an individual (his
behavioural patterns and therefore his preferences) over his life time. Given the possibility of
the mentioned linkages, we design a research agenda to find out whether such mechanisms
are actually active and significant in reality.
A possible hypothesis is that an individual might change his preference ordering in response
to the wisdom gathered from the cumulative impact on his happiness of the interaction among
his own ‘momentary utility maximizing choices’, the reactions of the outside world to the
mentioned choices, and external circumstances which affect the individual but do not arise
from his own actions. When viewed in this manner, the very process of utility maximization
results in a tuning of utility functions in the pursuit of happiness. Assuming a broad positive
correlation between rankings of ‘wantability’ and experienced utility and neglecting factors
that might drive a wedge between these1, the rankings of experienced utility from various
choices would also change over the course of a person’s lifetime.
THE POSSIBILITY THAT UTILITY MAXIMISATION MAY ALSO BE A MEANS TO
AN END: A DEEPER EXPLORATION
Economists generally view utility maximisation as an end in itself. But can we look upon it as
an evolutionary process which is a means to an end? To put things very simply, there is this
concept of happiness – we can feel it but often we do not know what drives its increase or
decrease, at least during the beginning of our lives or even our youth. What satisfies us
momentarily is however easier to choose – when presented with a menu in a restaurant we can
pick out the food item which offers us the best possible satisfaction within our budget; when
given a choice of practising on the piano or going out for a movie with friends we may again
find it quite easy to make the choice which gives us higher momentary experienced utility.
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But here lies the trick. If we keep our utility functions fixed, the maximisation of these not
only affects experienced utility but in conjunction with external circumstances and the
reactions of others and ‘nature’ to our actions affect our utility possibilities in the future,
sometimes adversely so – as examples would point out. But if, as Edgeworth pointed out,
happiness is the temporal integral of experienced utilities then utility maximisation on the
basis of an unchanged utility function is not possibly the best means for maximising
happiness or even for obtaining satisfactory happiness outcomes.
Let us give some examples at this stage to show that utility maximisation on the basis of a
given utility function might lead an individual to a very unhappy state of affairs.
Example 1: In period 1 a person might find it better from the point of view of maximising
immediate utility to hang out with his friends after school instead of learning to play the
piano or cultivating a reading habit. Imagine that he or his friends have to move to another
city at the end of period 1. Now consider period 2 as the present. Had the person devoted
some time to playing the piano or cultivating a reading habit in period 1 at the expense of
time spent in hanging out with his friends, in the present he would have recourse to an activity
from which he could derive satisfaction in solitude by being absorbed in it. But he does not and
neither does he have access to close friends. He therefore experiences very low levels of immediate
utility even if he is a utility maximizer. In other words, he becomes a very unhappy person.
Example 2: A person might lead a very bohemian lifestyle in period 1 – working hard and
playing hard. He might have numerous girl friends at the same time; indulge in late night
parties characterised by heavy drinking; and at the same time make additions to his wealth by
working quite hard in office. Over a short period of time (i.e. throughout period 1) these might
feel like the right choices as the momentary satisfaction experienced would be very high. But
even if we assume that immediate satisfaction is maximized, gradually such behaviour might
take a toll on physical and mental health, which from the point of view of the individual
might affect his ability to experience pleasure as well as be absorbed in activities in period 2.
There also might be reactions to his behaviour in period 1 in period 2 – his numerous girl
friends, for example, when they find out about each other and his lack of loyalty might feel
malice towards him and their reactions might have a rebound effect on his mental health.
Positive feelings such as courage, optimism and hope might take a beating in period 2.
Here we are assuming that individuals cannot display perfect foresight in maximising lifetime
utility as they cannot factor in external reactions to their own actions, the impact of their
actions on their own sensory systems, and above all external circumstances which affect their
utility possibilities in conjunction with the previous two factors. If utility depends only on the
temporal income and wealth profile which in turn depends on allocation of time among
various competing uses alone then perfect foresight regarding income streams flowing from
various alternative temporal allocative profiles – an assumption which might approximate
reality – could be used for accurate dynamic utility optimisation. But in this paper we are
looking at a much broader conception of utility, with greater applicability to overall human
behaviour, which extends to the emotional space. Given that no unique correspondence can
be drawn between the level of income or wealth and the vector of emotions, perfect foresight
might not be very easily applicable in regard to this broader conception of utility.
To summarise, once we consider utility functions that depend on factors other than income or
wealth, perfect or ‘close to perfect’ foresight about utility profiles would not be possible in
reality. In such cases, past history about actions taken, reactions of the types mentioned above
to these, and utility levels experienced could be useful for the evolution of utility functions.
And if utility functions are to evolve, surely they would evolve such that their maximisation
leads us to greater happiness.
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The above examples establish that short term utility maximisation on the basis of a fixed utility
function might not maximise the sum of utilities i.e. happiness. In fact, such maximization
can lead to very low levels of experienced happiness. In Example 1, one can imagine that if
the person concerned had even devoted an hour daily in the initial period to practising on the
piano and therefore spent an hour less in hanging out with his friends, his utility in the initial
period would have gone down by an amount far less than the increase in utility caused by the
recourse to a pleasurable activity in the second period. Not only would the sum of utilities
occurring through utility maximisation be far lower than that occurring through a non ‘utility
maximising’ choice, utility maximisation in the first period leads the person concerned to a
choice set in the second period where the highest level of utility attainable is low2.
Note here that the individual does not foresee the change in external circumstances i.e. his
friends going away. In other words, the ‘utility maximisation’ we refer to here is utility
maximisation without that kind of foresight. Similarly, in Example 2 the utility maximisation
followed by individual 2 does not take note of adverse biological reactions of his own body to
lack of sleep and alcohol; and possible reactions of others (his numerous girl friends in this
case) in period 2 to his actions towards them in period 1. If utility maximisation displays such
foresight, which is assumed to be absent in Examples 1 and 2, then utility maximisation by
the individual is consistent with the maximisation of the temporal integral of utilities i.e.
happiness in the sense of Edgeworth.
Casual empiricism seems to suggest that such foresight does not exist to the extent that it can
be deemed as ‘perfect’ or even nearly so. However, to what extent it exists is something
which deserves evaluation through research. To the extent it does not exist, the following
research question is also of great significance as mentioned before: do individuals tune their
utility functions in response to attained levels of happiness under varied circumstances and is
such tuning significant?
In the next section we look at the newly emerging field of positive psychology. This field has
outlined the components of happiness. We explore these components and outline what ‘lack of
foresight’ and ‘tuning of utility functions’ mean in terms of the vocabulary of positive psychology.

POSITIVE PSYCHOLOGY AND THE INSIGHTS OFFERED ABOUT
THE EVOLUTIONARY NATURE OF UTILITY MAXIMIZATION
Quite recently, study of how changes in one’s life style can affect one’s level of well being
has become the preoccupation of a fast emerging field of clinical psychology which goes by
the label of ‘positive psychology’ (see 3 for an introduction to positive psychology).
Practitioners of positive psychology have defined happiness as being made up of three
components: positive emotions (i.e. feelings of forgiveness, contentment and satisfaction with
reference to the past; savouring of pleasures, kindness, and compassion in the present; and
courage and optimism for the future); the ability to be completely absorbed in an activity
often referred to as ‘flow’ (for example, professional activities such as teaching, pleasurable
activities such as listening to music, and household chores such as repairing a bicycle or
decorating one’s house for a festival); and the satisfaction derived in working for a higher
good which is above one’s narrow self interest 4.
In terms of the above concepts, part of the deviation from perfect foresight might be
accounted for by the failure to incorporate, while choosing a vector of actions from the set of
possible action vectors, the impact of present actions on the components of future happiness
such as the attainment of flow; and retrospective emotions such as contentment and
satisfaction. Such deviation implies that an individual defines his own utility in terms of
current emotions or even more narrowly, the savouring of pleasures.
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But while such deviations from perfect foresight do result in deviations from optimal happiness,
adaptive mechanisms which correct for such deviation from optimality are not ruled out.
Thus, an important question is whether it is possible that over time our utility functions
evolve to incorporate hitherto ignored components of happiness through ‘learning by doing’.
For example, a person who initially incorporates only the savouring of pleasures in his utility
function might incorporate ‘flow’ in it or give importance to emotions relating to the past as a
result of life’s experiences or by learning from the actions of others in similar circumstances.
There are others who might incorporate the satisfaction gained from social service.
Let us refer back to our examples. In Example 2, we can see that an individual ends up
impairing his material and physical health through the static maximisation of a fixed utility
function. This can be attributed to a lack of foresight about how his own utility maximising
choices (late night parties and heavy drinking in combination with self inflicted work related
strains) affect his sensory systems (his knowledge of the intricacies of human biology might
be poor) and about the reactions of the outside world (for example, those of his numerous girl
friends whom he dated at the same time) to his actions. Thus, the mentioned process of utility
maximisation could take him to a rock bottom level of happiness. When that rock bottom level
of happiness is reached we can hypothesize that a process of introspection is stimulated as
survival instincts of the individual take over to bring back his levels of happiness to respectable
levels. Having experienced the consequences of his actions, the cause and effect relationships
underlying ‘happiness outcomes’ become clearer. For example, he realises the disastrous
consequences of having multiple girl friends at the same time and becomes devoted to a single
partner; he realises that late nights and the alcohol consumed at late night parties has resulted in
a numbing of the senses whose reversal would require a drastic change in behaviour patterns –
no more late night parties etc. Having reached this rock bottom level of happiness he may seek
counselling and find solace in pursuing a hobby such as playing the piano or social service.
What is being emphasised here is that a hard lesson is learnt by the individual in question and
this convinces him to change his habits so radically that in the future he experiences very
high levels of happiness. The causal link therefore is as follows: nature of utility function that
causes him to leas a bohemian strenuous life  rocks bottom levels of happiness  drastic
change in lifestyle  very high levels of happiness.
What is interesting in this example is that the utility function in the beginning is very
important. For had that not existed the temporal utility profile leading to rock bottom levels
of happiness would not have been experienced and the radical change in utility function and
thus behaviour and experienced happiness would not have been brought about. Many
individuals probably lead ‘regular’ or ‘ordinary’ or ‘uninteresting lives’ and in that sense are
quite different from the portrayed individual. But because their happiness does not reach rock
bottom they do not feel the need to introspect on their behaviour. And therefore they continue
to be averagely happy throughout their life.
In Example 1, a similar learning by doing might be experienced. The individual initially has a
utility function in which savouring of present pleasures is important. He also displays very
poor foresight as to how actions in period 1 can help in the attainment of ‘flow’ in period 2
and thus augment his happiness – he thus fails to derive little satisfaction in period 1 from
such activities. But the maximisation of such a utility function in conjunction with change in
circumstances (his close friends moving away) lead to very poor utility possibilities in period 2.
His happiness reaching rock bottom levels again prompts introspection as to whether an
alternative course of action could have been better. The possible gains from alternative
courses of action, such as those that correspond to investments in ‘flow’, would become
evident if the experiences of others are closely examined or counselling sought. Such
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introspection and examination might lead to a change in life style – a balance is therefore
probably struck between flow promoting activities and social interaction.
Note that the inability to foresee a change in external circumstances (such as friends moving
away) also constitutes a deviation from perfect foresight. Here, too, a different sort of
adaptation might come into play – as an individual experiences different circumstances he
might be better able to evaluate the range of variation of these and make choices which would
yield satisfactory outcomes in regard to happiness under different possible circumstances. For
example, an individual who hones his skills at social interaction and in a hobby ensures that
he ends up at least reasonably happy irrespective of whether chances for social interaction
present themselves or not, and at the same time ensures that he makes full use of these
happiness augmenting opportunities when they do.

IN CONCLUSION: A RESEARCH AGENDA FOR THE FUTURE
Recent experimental research in economics on happiness seeks to measure the level of
happiness in people by asking them to choose a non-negative integer i , on a n point scale,
which signifies the level of agreement with an appropriate statement, such that a higher value
of i implies a higher level of happiness. Thus, what is presented through the statement is an
ordinal scale of happiness with the individual asked to place himself on it.
A prominent example of the above is the single-item question on a three-point scale in 5
which asks: “Taken all together, how would you say things are these days-would you say that
you are very happy, pretty happy, or not too happy?” In the World Values Survey, life
satisfaction is assessed on a scale from one (dissatisfied) to ten (satisfied) 6, which asks:
“All things considered, how satisfied are you with your life as a whole these days?”
Such surveys have been shown to be reasonably accurate. Following 7 we can claim that
errors in people’s responses are random and cancel out due to the law of large numbers. This
also holds true for errors caused by the order of questions, the wording of questions, and
actual mood. In regard to the research problems posed above we can ask the following
specific research questions: Consider those individuals who have transited from very low
levels of happiness to high levels of happiness as revealed by longitudinal surveys. Is the
proportion of such individuals in the population significantly high? Is such a transition a
result of a change in lifestyles to a significant extent or can it be explained primarily by a
change in socio-economic determinants such as income, marital status etc; or can it be
attributed to the interaction between changes in socio-economic factors and lifestyle or the
former emerging from the latter?
In regard to the first question we need to define what constitutes a significant jump in
happiness. For example, we may say that any person who has recorded a 2 point increase on a 3
point ordinal scale of happiness or a 6 point increase on a 10 point ordinal scale of happiness
can be deemed as having registered a significant increase in happiness. The numbers 2 and 6
are just illustrative. Researchers need to devote adequate thought to these numbers.
In regard to the second question, it deserves mention that a change in lifestyle and socioeconomic determinants might be quite correlated. For example, a person who learns through
life’s experiences will change his lifestyle with age. If we regress happiness on age we may
expect a positive effect though this is the same as that provided by the change in lifestyle
stimulated by life’s experiences (or in more technical terms the ‘evolution of the utility
function’). The same may be true of marital status 8. Exhaustive case studies of the persons
who have experienced significant increases in happiness are therefore required to single out
the root cause of this increase – lessons learnt from life and the consequent conscious change
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in lifestyles which might or might not result in any change in socio-economic variables under
study; or a change in socio-economic variables that has got nothing to do with any conscious
design to change one’s lifestyle.

REMARKS
Kahneman and Thaler 1 make the point that the choices that maximize ‘wantability’ might
not be optimal from the point of view of ‘experienced utility’. They specifically
1
elaborate on the nature of change in circumstances from-to, where the former is the point
1
of time at which choices are made and the latter is the point of time at which outcomes of
1
choice are experienced, such as change in emotional or motivational state of the agent; and
1
change in the aspects of the outcome on which there is focus at these two points of time (say
1
aesthetics of the purchased item versus its functional use).
2
In 3 a similar argument is made: under many circumstances it 1might be better to withhold
2
maximization of immediate enjoyment of pleasures at a given1point of time.
1
1
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MAKSIMIZIRANJE KORISNOSTI KAO
NAČIN MAKSIMIZIRANJA SREĆE
S. Mitra
Ekonomski odsjek, Sveučilište Jadavpur
Kolkata, India

SAŽETAK
Postavljena je hipoteza kako se ljudska potraga za srećom odvija adaptivnim promjenama funkcije korisnosti
izvlačenjem lekcija na temelju učinaka kratkoročnih izbora maksimiziranja korisnosti među mogućim ishodima.
Za provjeru hipoteze postavljen je okvir budućih istraživanja koja će se koristiti metodologiju koja se već koristi
u provođenju istraživanja sreće.

KLJUČNE RIJEČI
sreća, maksimiziranje korisnosti
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ABSTRACT
In a social network, individual opinions and interpersonal relationships always interact and coevolve.
This continuously leads to self-organization of opinion clusters in the whole network.
In this article we study how the coevolution on the two kinds of complex networks and the
self-organization of opinion clusters are differently affected by the dynamic parameters, the structural
parameters and the propagating parameters. It is found that the two dynamic parameters are
homogeneous bringing about the strong and weak relations, while the two structural parameters are
heterogeneous having equivalent relations. Moreover, the impact of the propagating parameter has
been found only above its threshold.
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Impact of opinions and relationships coevolving on self-organization of opinion clusters

INTRODUCTION
Opinions which individuals hold and relationships among them always interplay and interact,
which can lead to self-organization of opinion clusters. The definition of opinion clusters has
two: one is the sets in which individuals have the same opinion and the association among
them [1, 2]; the other is the sets in which individuals also have the same opinion, but with or
without association among them is no limited [3, 4]. The latter is employed in this article.
In social systems, the formation of opinion clusters is affected by many factors, such as
diffusional dynamic parameters, network structural parameters and different network
characteristics. As it is very difficult to study the social systems for the complexity of them,
many researchers recently investigated the social system by networks [5, 6]. Many real
systems, such as social systems, ecological systems, and cellular systems, can be represented
as networks, in which nodes denote the objects of interest and edges that connect nodes
describe the relationships between them [7, 8]. However, current researches for opinion
clustering detection focus more on finding algorithms that can identify opinion clusters in all
contexts [6-8], than on the effects of different factors on opinion clustering in the same context.
In this study, we simulate information propagation in different conditions on networks to
result in self-organization of opinion clusters, in order to ascertain the effects of dynamic
parameters, structural parameters and networks characteristics on it.

THE MODEL
Many discoveries [9-11] show that a number of large-scale complex networks, including the
electric power grid for Southern California, the network of movie-actor collaborations, and
the neuronal network of the worm Caenorhabditis elegans, are scale-free and small world.
The Watts-Strogatz (WS) small world model exhibits a high degree of clustering as in the
regular network and a small average distance between vertices as in the random network. The
Barabási-Albert (BA) model suggests that the two main ingredients of self-organization of a
network in a scale-free structure are growth and preferential attachment [10].
Let us consider opinion synchronous diffusion1 on WS and BA networks.
OPINION MODEL
Each of N vertices denotes an individual and each of M links denotes a relationship between
two individuals in the network. We consider Oi possible opinions of which every individual
must hold one, and two relationships (called +1 and –1) denote positive sentiment (friends)
and negative sentiment (enmities), according to balance theory. Opinion model in this study
is the majority-friends-rule model extending the majority-rule model [12, 13]. It assumes that
individuals preferentially follow the friends instead of following the crowd (the majority-rule2)
in their opinion update. In each step, every vertex has the same opportunity to update its
opinion or relations by the following rules:
1) majority friends’ preference (MFP): with probability P, the focal individual accepts the
specific opinion held by a majority of its friends (i.e., the opinion is the one or one of that
has the largest supporter among the friends). If the specific opinion is more than one,
random one of them is chosen. We call this process P action,
2) cognitive consistence (CC) [14]: with probability 1 –P, the focal individual keeps his
opinion unchanged and updates (keeps or flips) its relationship. It will keep the sign of
edge if the focal pair is cognitive consistence: holding the same opinion with positive (+1)
relation or different opinions with the negative (–1) relation. On the country, an edge will
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flip the sign if the focal pair is cognitive inconsistence: the same opinion hold by focal pair
individuals with negative (–1) relation or vice versa. When flipping is activated, with
likelihood Q, the focal individual will flip all of links to neighbors, or with likelihood 1 –Q, it
will flip random one of links to neighbors. We call these processes Q action and 1 –Q action,
3) repeating previous two steps, the system will converge to consensus state. The consensus
state has two sub-states: one is opinion consensus sub-state; another is relation consensus
sub-state. They respectively represents that all opinions and all relations currently hold by
all individuals do not change over time. After reaching the two sub-states, the system can
only reach consensus state. It also claims that the coevolution between opinions and
relations has been completed. The particular algorithm is shown in Figure 1.
PARAMETERS
The two networks (BA and WS) which have same parameters and scopes of parameters. The
total number (N) of vertices is fixed (N = 1000, Oi = 100). There are three types of variables:
structural parameters, dynamical parameters and diffusive parameter. Structural parameters
include average degree k  4, 6, 8, 10, as well as a proportion of negative edge Pne  0, 1.
Dynamical parameters include the probability of opinions propagation P  (0, 1), as well as the
likelihood of relations evolution, Q  0, 1. There is one diffusive parameter, the initial
number of opinion clusters, Oi  100, 200, 290, 366, 433. The final number of opinion
clusters after evolution is Of.
1 i=1
2 while (not opinion-consensus-substrate
or not-relation-consensus-substrate)
3 foreach vertex
with probability P, execute MFP
with probability 1 –P, execute CC
end foreach
4 if(i>=3)
5
if(Signverticesi = Signverticesi–1
and Signverticesi = Signverticesi–2)
opinion-consensus-substrate  True
else
opinion-consensus-substrate  False
6
if(Signedgesi = Signedgesi–1
and Signedgesi = Signedgesi–2)
relation-consensus-substrate  True
else
relation-consensus-substrate  False
end if
7 i++
end while
Figure 1. Main algorithm of opinions diffusion and relations evolution.
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SIMULATION RESULTS
THE NUMBER OF OPINION CLUSTERS
It is similar on the self-organization of opinion clusters of BA (Figs 2a) and 2c)) and WS
network (Figs 2b) and 2d)), because scale-free networks are also small-world networks [14],
because (i) they have clustering coefficients much larger than random networks [11] and
(ii) their diameter increases logarithmically with the number of vertices N [9].

Figure 2. The effects of dynamical parameters, structural parameters and network types on

the self-organization opinion clusters during evolution, with N = 1000. In a) and b) k = 4
and Pne = 0,5, while in c) and d) P = 0,5 and Q = 0,5.
The two dynamical parameters are homogenous to the process (Figs 2a) and 2b)). Both the P
and the Q promote to self-organization and deduce the number of opinion clusters with the
increasing of them. While the effect of P is larger than that of Q for the Q action occurs on
the condition probability of 1 –P. As is shown in equation
(Q) = (Q  1 –P) = (1 –P)Q.
(1)
However, the two structural parameters are heterogeneous in that the increasing of average
degree k hinders the self-organization of opinion clusters. It is in contrast with the fact that
increasing Pne accelerates it. That indicates that the increase of edge density is advantageous
to the density of the opinion clusters if the increases are of opposite signs. If Pne = 1, opinion
clustering cannot proceed, the number of opinion clusters will not cannot be inferred using the
rule of MFP as it is almost invalidated, thus an individual in such a network has few friends.
THE RATIO OF SURVIVAL OPINION CLUSTER
The ratio the survival opinion cluster is denoted as RS, RS = Of/Oi where Of is the number of
survival opinion cluster and Oi the number of initial opinion cluster. As shown in Figure 3,
the difference of effects between BA and WS network on RS is quite obvious. Under the same
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Figure 3. The effects of the types of networks and the number of initial opinions on the ratio

of survival opinion cluster.
condition, RS in WS network is larger than that in BA network. As Oi decreases, Of always
increases both in WS and BA networks.
If Oi  0,1N then RS will reach 1 (thus all the opinion clusters will survive) whatever other
parameters are.
THE SCALE OF OPINION CLUSTERS
In this section we analyze the effects of three types of factors on the self-organization of the
opinion clusters, measured by the top 10 of opinion clusters’ (abbr. top 10) sizes after
coevolution. The average size of an opinion cluster is inversely proportional to the number of
opinion clusters and is analysed further in the text.

Figure 4. The effects of dynamical parameters on top 10 sizes. The rank of top 10 sizes versus

the fraction of top 10 with a) and b) P equal to 0,1, 0,5 and 0,9 for constant Q = 0,5, c) and d) Q
equal to 0, 0,5 and 1 for constant P = 0,5. In all graphs N = 1000, k = 4 and Pne = 0,5.
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Figure 4 shows that top 10 sizes in BA network is always larger than that in WS network in
most cases at the same condition. This is maybe due to that degree distribution of BA
network is power-law and tendency to form bigger community (community is always opinion
cluster under the rule of MFP, though not vice versa) than that of WS network which has
average degree distribution.
The effect of structural parameters is that the sizes of top 10 are proportional to P and Q for
constant values of other parameters. While the effect degree of Q is smaller than that of P, as
shown in Figure 4 (three curves in Fig. 4c) and Fig. 4d) are mutually closer than the
corresponding curves in Fig. 4a) and Fig. 4b)). The effect indicates that the bigger the P value,
the greater the probability that each individual supports the popular opinion (the opinion
which most of friends holding). It is a benefit that advantageous opinion clusters (top 10)
enlarge advantages (i.e. top 10 have more supporters). The effect of Q is similar to that of P.
If Q increases, the probability of advantageous individuals getting more friends also
increases. It also results in the larger sizes of top 10. Whatever the way the Q action occurs in
the condition probability 1 –P, the effect of Q is usually smaller than that of P (except if P is
relativelly very small and close to zero).
It is clear that structural parameters effect on the sizes of top 10: the sizes are proportional to
k value and inversely proportional to Pne. As k value rises, the clustering coefficients in
BA and WS network both increase. It benefits advantageous opinion to increase supporter
microscopically, thus larger sizes of opinion cluster form macroscopically.
On the contrary, with the increase of Pne value, each individual will decrease its friends in
microscopical scales, thus it also leads to advantageous opinion clusters decrease sizes in
macroscopical scales.

Figure 5. The effects of dynamical parameters on top 10 sizes. The rank of top 10 sizes versus

the fraction of top 10 for a) and b) Pne = 0,5 and k values equal to 4, 6, 8 and 10, c) and d) k = 4
for Pne values equal to 0, 0,5 and 1. In all graphs N = 1000, P = 0,5 and Q = 0,5.
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CONCLUSIONS
In this article we investigated the effects of three factors (dynamical parameters, structural
parameters and diffusional parameter) on the number and scale of opinion clusters. We found
that the two dynamical parameters (P, Q) are homogeneous from the direction of effect on
opinion clusters coevolution, and strong-weak relations from the degree of effect on it. The
two structural parameters (k, Pne) is just opposite to the two dynamical parameters: they are
heterogeneous and equivalent. Moreover, the number of opinion clusters in final stage is
inversely proportional to the number of opinion in initial stage when the initial number of
opinion is larger than threshold value. But when it is less than threshold value, the
phenomenon disappears: the number of opinion clusters no longer changes. The phenomenon
suguests that moderate number of opinions (less than threshold) facilate to propagate than
excessive number of opinions, because some of excessive opinions can not survive during the
process of diffusion under the control of some dynamic rules.
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REMARKS
1

Synchronous diffusion: each vertex updates opinion at the same time in order to ensure
diffusion independent of the sequence of vertex.
2
Synchronous diffusion by majority preference rule finally leads to a trivial absorb state that all
2
of vertices holding the same opinion. So we employ majority friends’ preference in this study.
1
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UČINAK KOEVOLUCIJE STAVOVA I VEZA NA
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SAŽETAK
U društvenoj mreži individualni stavovi i osobne veze stalno međudjeluju i ko-evoluiraju. Time neprestano
dolazi do samoorganizacije grozdova stavova u cijeloj mreži.
U radu se razmatraju ko-evolucija na dvije vrste kompleksnih mreža i samoorganizacija grozdova stavova kao
posljedica više dinamičkih parametara, strukturalnih parametara i parametara propagacije. Uočeno je kako su
dva dinamička parametra homogena i vode na snažne odnosno slabe relacije, dok su dva strukturalna parametra
heterogena i vode na ekvivalentne relacije. Učinak parametara propagacije uočen je samo iznad njihovih pragova.

KLJUČNE RIJEČI
grozd stavova, ko-evolucija, samoorganizacija, propagacija stava, evolucija veze
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ABSTRACT
Starter and traction batteries are build in vehicles with internal combustion engine or electric engine.
Similar, stationary batteries supply power to communication or computer centres. The use of these
products indicates the specific market for them, because the battery producer is not often in
connection with the final consumer, almost always there is someone between them, connecting them.
Thus, between the user and the battery manufacturer intermediate distributors, service installations in
which this product are build in or vehicle producers (OEM – original equipment of the manufacturer,
first installation of the starter battery).
Battery production is a strategic industry branch, because starting a vehicle depends on the availability
of fuel and the availability of the starter or traction batteries. This paper contains a review of the
battery manufacturing industry, as a industry branch, on global and Croatian market.
The development has been reviewed by the structure, but also by the sources of applied technologies,
especially modern technologies. The paper has been focused mainly on the development of Croatian
battery industry and its only representative, company Munja d.d. Zagreb. Beginnings of the Munja d.d.
company are correlated with the beginnings of the automobile industry at all.
Business activity of any company cannot be considered in isolation from the environment. Therefore,
the business of the Munja d.d. company has been observed with regards to the technological
development in the last century, but compared to other battery manufacturers, in the former two
common states, and also compared with the world manufacturers.
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Tendencies of development of global battery market with emphasis on Republic of Croatia

INTRODUCTION
Very few activities in human history have in such a short time played such a significant role and
changed the world and human surroundings by so much, as the automotive industry has done.
The eternal pursuit of man to move, has gained a full affirmation with the discovery of the
device that will be called the engine, and with the invention of the internal combustion engine
in the last decades of the nineteenth century, the era of the automotive industry and motor
sports has begun.
Man’s constant need for transportation aligned the automotive industry into one of the most
important industries of the world, with an invaluable influence on the development and viability
of other branches of industry such as: rubber industry, glass, plastics, paints and varnishes,
electronic industry, and especially on the industries of petroleum products, motor fuels and oils.
Without the automotive industry road development would be unthinkable, and therefore part
of the construction industry as well, the number and type of motor vehicles (both cars and
trucks and heavy machines) determines a country’s level of development and the standard of
its population. The intense development of the automotive industry “dragged” along with it
the development of spare parts of the car (auto components), as well as machines for the
automotive industry.
Due to political flops and failures, especially in the last twenty years, the Republic of Croatia
does not have its own car manufacturing. However, this does not mean that there is no production
of auto components and spare parts. One of the main components in a motor vehicle, without
which a motor vehicle can not be started nor be in operation, is the starter battery. In literature
the croatian word for a starter battery is “akumulator” (SLI battery – start, light, ignition).
The aim is to show trends and the expected direction of global and Croatian battery market
development. The work is largely focused on the development of the Croatian battery
industry and its sole representative, the company Munja d.d.
The origins of this business enterprise correlate with the beginnings of the automobile
industry in general. The business activity of any company cannot be observed in isolation.
Therefore, the business of the Munja d.d company has been observed with regards to the
technological development in the last century, but compared to other battery manufacturers,
in the former two common states, but also with the world’s battery manufacturers.
The paper contains an outline of the development of the battery industry depending on:
(1) the state of the market of basic raw materials, ie, lead and environmental protection,
(2) the market potential of production and sales, and (3) present trends in the global and
domestic battery market stemming from development demand.
Through the work the main facts are pointed out which marked past events related to the
battery industry, which determines the present and greatly affects the future of this branch
of the automotive industry. In particular, the problems and gaps through which the
production of batteries in Croatia have gone through, were analyzed, and despite all the
obstacles the production is still successfully operating for 92 years. Today’s successful
business Munja d.d. company is a pledge for the future, which is especially important in a
crisis period of high unemployment.

TRENDS OF THE GLOBAL BATTERY MARKET
The manufacture of accumulators followed the development of vehicles (cars and
commercial vehicles) in the world. By the II. World War production was significantly smaller
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in volume compared to the period after the war, especially towards the end of the 20th and
beginning of the 21st century when it experienced an expansion. The rapid development of
the automotive industry increases the need for lead-acid batteries and the development of
telecommunications and information industries further stimulate demand, development and
manufacture of various types of batteries.
It is believed that during the 20th century the lead-acid battery had one of the largest global
growth rate. On the market of car makers there is a limited number of vehicle manufacturers.
However, the number of battery manufacturers, especially starter batteries, is several
thousand worldwide. The exact number of battery manufacturers is nearly impossible to
determine because there are no accurate records and statistics. Therefore, it is very difficult to
determine the exact number of batteries produced and sold, in some regions of the world it is
relatively simple, because they keep statistics, while in other regions there is no baseline data.
It is also significant that the globalization process has been a clustering of companies –
manufacturers of batteries and accumulators in such a way that large companies strategically
took over the smaller ones.
When it comes to batteries differ the following types: (i) primary batteries that do not
recharge and after use, that is, discharge can be recycled or disposed of as waste;
(ii) secondary batteries include various types of batteries that after discharge can be recharged
or expanded. Secondary batteries are the following types: nickel metal hydride, lithium ion
batteries (eg mobile phones) and lead acid batteries.
Lead-acid batteries are subdivided into automotive starter batteries-acumulators, traction
batteries and stationary batteries. The largest companies in the production of automotive
batteries in the world market in the year 2010 are shown in Table 1.
In Table 1 , the country of origin of the manufacturer is indicated, and its factories are located
around the world. World Battery Market 2010th totaled 60 billion USD and includes primary
and secondary batteries. It is estimated that the total turnover of primary batteries accounted
for 18.5 billion USD, while the secondary batteries had a total turnover of 41.5 billion USD
in the year 2010. Therefore, it is evident that the value of the market for lead acid battery is
almost 1.5 times higher than the total value of primary batteries. This data does not include
batteries for military and special purposes for which there is no publicly available data.
Introduction of a new concept of zero-emission pollution in the West, has opened the way for
the development of electric vehicles (EV) and hybrid electric vehicles (HEV). An increase in
the use of lead-acid batteries is expected with further technological advances in the market of
electric cars. Although efforts to create a “miracle battery” for electric vehicles, lead-acid
batteries are one of the few technologies that is considered the “workhorse” of today’s fleet
of electric vehicles.
Table 1. The world’s largest manufacturers of automotive batteries in the year 2010 11.

Manufacturer

Country

Johnson Controls
GS Yuasa
Exide Technologies
East Penn
Exide Industries
Camel
Fengfan

Milwaukee, USA
Kyoto, Japan
Milton, USA
Pennsylvannia, USA
India
Xiangfan, China
Zheijang, China
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Production,
mil. pieces
135
31
26
22
12
12
12

Market share, %
35
8
7
6
3
3
3
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Placement of the battery market is focused on two important parts. The first part refers to the
market of Original equipment of manufacturer (OEM) (in Croatia usually called “First
installation”) that consists of manufacturers of motor vehicles that immediately install
batteries in vehicles during the time of their production. The second part relates to the market
“Second installation”, which makes replacing worn discharged batteries, after the vehicle is
already in use.
It is believed that the market for lead-acid batteries-acumulators, had one of the highest rates
of growth, and hence consumption, until the year 2008. The global crisis that occurred in
2009, after the financial sector, the most affected sector was of the automobile industry, and
hence the battery industry.
Table 2 shows the total sales of automotive batteries in the year 2010 by region through both
markets, that is, the market for first installation (OEM) and the second installation
(replacement). In doing so, we want to emphasize that it is almost impossible to determine
the exact number of batteries produced and sold in the world, these are estimated figures.
Other countries include South America, Africa, India and the Russian Federation.
It can be concluded that the market for lead acid batteries was hit hard by the global
economic deceleration. Needs on a global level recorded a heavy fall of over 8 % in 2009 in
comparison of the previous year. The OEM market was severely affected (reduction of
12 %), because of the significantly decreased sales of new cars.
Several car companies have introduced a decrease in production in the struggle with reduced
requirements for new vehicles. Car production in major markets (USA, Europe, China)
remained at negligible levels during the downturn, leading to significant saturation of the
OEM market. On the market for replacement batteries traders have also reduced stocks in
order to overcome the situation of reduced customer interest. Battery manufacturers are also
faced with the challenges of volatile prices of lead and other raw materials on the fluctuating
metal market. The turning point in the market is primarily dependent on the revival of the
automotive sector and the growth of sales of passenger and commercial vehicles.
The European market in 2010 was at the level of 2009, but predictions are that there will be
an increase in OEM and an overall growth at 1 % – 2 % in the period of 2011-2013 Due to
the increased quality of the battery, we expect a slight drop in demand for replacement
batteries. There was an increase of 9 % in 2010 in relation to the year 2009 in the United
States. Predictions are that it will reach 3 % growth until the year 2013 with a stronger
recovery of OEM market.
China is growing very strongly on the level of 8 % to 10 % per year. A large increase was
recorded in production capacity due to the introduction of continuous development of plates and
the full automation of the assembly, but the pressure due to the introduction of environmental
Table 2. Automotive batteries market 2010 – sales by region 11.

Region

*

Western Europe
Eastern Europe
North America
Asia – Pacific
Other countries*
In total
In total, %

First installation,
mil. pieces
14
3
15
28
10
70
18

Replacement,
mil. pieces
33
14
105
122
41
315
82

Total,
mil. pieces
47
17
120
150
51
385
100

Other countries: South America, Africa, India, Russian Federation.
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Figure 1. Indicators of the European market for automotive batteries – numbers for 2010 and

predictions for 2014, adapted from 4. Grey bars denote “First installation” and white bars
“Second installation”.
protection standards certainly has its diminishing influence. In addition to nearly 2000 battery
manufacturers, China has about 1000 plants for the recycling of waste batteries.
Production is growing in other parts of the world. Continued improvement of battery life with
a better design and new electrical systems in vehicles: 5 – 6 years in areas with temperate
climates, but 2 – 3 years in hot climates.

CROATIAN BATTERY MARKET TRENDS
At the beginning of this section, it is important to emphasize the basic characteristics of the
Croatian market battery. Munja d.d. company is the only manufacturer of batteries and
acumulators in Croatia. The factory has been operating since the foundation of the industry to
date. It is one of the oldest manufacturers of these products, both in Europe and in the world,
with sustained production from its inception to the present. In addition to the company no one
has ever produced in Croatia, nor produces batteries and acumulators.
Regardless of the two wars (World War II and the Homeland War) through which it passed,
Munja d.d. never ceased with the complete production cycle, except in the period 2009-2010
as the result of the “gas crisis”.
The Croatian battery market, from a position of production, and from a position of spending
will inevitably be viewed through two periods: (i) the first period: up to the year 1990 and the
independence of the Republic of Croatia, and (ii) the second period: from the year 1990 to date.
The following subsections describes the characteristics of these two periods.
PERIOD UP TO 1990
Manufacture of accumulators in this period is shown in Table 3. In the period between 1920
to 1945, Munja d.d. is the only manufacturer of these products in the Kingdom of Yugoslavia,
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and thus also in Croatia, although in Maribor (Slovenia) there was a workshop “Vesna”, which
is mainly engaged in installing the battery, not the production.
After 1945 and the nationalization up to 1958, beside Munja and Vesna (which still has only
negligible production and assembly) nobody else in Yugoslavia produced batteries 8. The
characteristic of this period is that a complete nationalization of the economy was made and
that everything was socialized.
There was no market economy, just a fully planned economy. By the directed and planned
economy towards the end of the 50s and early 60s of the last century battery factories and batteries
are being built in each republic of the former Yugoslavia, and whose head is just Munja d.d.
The following Table 3 gives a comprehensive overview of battery production in the period
from 1939 up to 1983. The only possible data was used for the year 1939 and the period from
1946 to 1983.
In the period of the Second World War, Munja has consistently had a production in this
period and it was predominantly for military purposes. Significant production in Yugoslavia
begins, as it can be seen from Table 3, after the year 1968.
For this period the following fact is very important. In this period of time there is a restoring
and nationalization of diplomatic relations between Yugoslavia and the USSR, and therefore
with the other countries of the then CMEA. By political normalization, economic cooperation
between these parties was established. Yugoslavia is more and more economically “turning”
toward these countries, exporting a variety of goods and final products to that area, and
importing energy and military equipment (the Cold War era).
An intensive economic cooperation is established between Yugoslavia and other CMEA
countries, and predominantly with the former USSR, but not the “classic” export or import,
but through trade, or through so-called “barter arrangements” and the first clearing of
import-export transactions, which are systematically arranged at state level 10. These
matters also referred to the export of batteries and Munja d.d. achieved significant exports
during this period. These arrangements are held until the dissolution of CMEA, that is,
dissolution of the Yugoslavia and the USSR at the beginning of the nineties. As noted, Munja
d.d. had a dominant and leading role in production in the former state up to the year 1970 and
the famous political events in Croatia, after which there is a significant stagnation of Munja d.d.
It is also important to emphasize that, in the period from 1945 up to 1990 battery imports
were banned in Yugoslavia. Exports took place only on the clearing market by the beginning
of the 70s, until the collapse of CMEA countries and the USSR. After that the first export
contracts to Western markets begin, due to events in 1971 and then the production for the YPA.
PERIOD FROM 1990 TO TODAY
This period is necessary to observe in two parts: (i) The period from 1990 to the year that
includes the dissolution of Yugoslavia and the Homeland War and post-war period until year
2000, and (ii) after the period in year 2000 and times of global crisis after the year 2009.
Factory Munja d.d. in 1990 was a typical socialist-mastodon company, with a large number
of workers (706), outdated equipment and technology. It is important to stress once again the
delay in the development of the early ‘70s. Because of events in Yugoslavia and the collapse
of the USSR, Munja d.d. loses a market in the early nineties.
Although the company management in late 1989 and early in 1990, made plans for a
complete modernization of company, warfare, collapse of the banking system in Croatia, and
therefore lack of lending, stoped this project.
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Table 3. Production of acumulators in the Kingdom of Yugoslavia and SFRY in the period of 1939 to 1983 by manufacturers 9.

UNIS
Total
TESLA
in all
Year locations
Brčko
Tons
Tons %
115
1939

MUNJA
Zagreb
Tons %
108 93,9

ZLETOVO
Probištip
Tons

%

VESNA
MEŽICE
Maribor
Tons %
7 6,1

SVETLOST
TREPČA
TREPČA
ISKRA
K.Mitrovica,
Sombor
Bujanovac
Peć
Tons
%
Tons
% Tons %

272

267 98,2

5

1,8

1947

516

513 99,4

3

0,6

1948

841

839 99,8

2

0,2

1949

1 145

1 144 99,9

1

0,1

1950

1 165

1 154 99,1

11

0,9

1951

999

980 98,1

19

1,9

1952

1 309

1 284 98,1

25

1,9

1953

1 437

1 386 96,5

51

3,5

1954

1 678

1 163 96,1

65

3,9

1955

1 881

1 795 95,4

86

4,6

1956

1 601

1 495 93,4

106

6,6

1957

2 145

1 968 91,7

177

8,3

1958

2 666

2 425 91,0

227

8,5

14

0,5

1959

2 919

2 564 87,8

250

8,6

105

3,6

1960

3 929

3 446 87,7

263

6,7

220

5,6

1961

4 091

3 300 80,7

620 15,2

171

4,2

1962

5 361

3 626 67,6

1.099 20,5

116

2,2

520

1963

5 937

3 791 63,9

1 030 17,3

241

4,1

875 14,7

1964

9 187

617 6,7 3.941 42,9

2 141 23,3

989 10,8

1.499 16,7

Tons

%
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1946

ENERGOINVEST
Srebrenica

9,7

Total
in all
Year locations

UNIS
TESLA
Brčko

MUNJA
Zagreb
%

ZLETOVO
Probištip
Tons

%

VESNA
MEŽICE
Maribor
Tons

%

SVETLOST
TREPČA
ISKRA
K.Mitrovica,
Bujanovac
Peć
Tons

%

Tons

%

TREPČA ENERGOINVEST
Srebrenica
Sombor

Tons

Tons

%

Tons

1965

11 908

1 159

9,7

4 471 39,5

2 812 23,6

1 349 11,3

2.117 17,8

1966

13 671

1 329

9,7

5 868 42,9

2 789 20,4

1 516 11,1

2.169 15,9

1967

10 874

1 048

9,6

5 218 48,0

2 583 23,8

1 042

1968

11 221

1 365 12,2 5 170 46,1

2 626 23,4

1 215 10,8

1969

18 708

1 603

8,6

5 841 31,2

5 347 28,6

1 627

1970

20 442

1 875

9,2

4 780 23,4

6 691 32,7

1971

26 801

3 420 12,8 6 114 22,8

1972

34 732

1973

9,6

Tons

%

325

983

9,0

2,3

588

5,2

8,7

3 720 19,9

570

3,0

1 182

5,8

4 700 23,0 1 214

5,9

8 151 30,4

1 784

6,7

4 748 17,7 2 584

9,6

5 211 15,0 7 304 21,0

9 841 28,3

2 203

6,3

6 170 17,8 4 003 11,5

38 397

5 270 13,7 8 022 20,9

11 474 29,9

2 297

6,0

6 955 18,1 4 379 11,4

1974

42 372

6 286 14,8 7 663 18,1

12 662 29,9

1 996

4,7

8 847 20,9 4 918 11,6

1975

47 970

6 665 13,9 8 088 16,9

14 700 30,6

2 517

5,2

11 000 22,9 5 000 10,4

1976

50 814

6 841 13,5 8 100 15,9 1 424

2,8

17 098 33,6

1 996

3,9

11 253 22,1 4 101

1977

59 775

6 678 11,2 8 376 14,0 3 796

6,4

18 229 30,5

2 517

4,2

13 868 23,2 6 311 10,6

1978

65 264

8 460 13,0 7 696 11,8 5 085

7,8

20 157 30,9

2 581

4,0

14 681 22,5 6 604 10,1

1979

63 229

8 737 13,8 6 845 10,8 6 700 10,6 16 378 25,9

3 183

5,0

14.906 23,6 6 480 10,2

1980

64 253

8 889 13,8 5 691

8,9

6 240

9,7

17 295 26,9

3 776

5,9

15 622 24,3 6 740 10,5

1981

64 996

9 026 13,9 6 009

9,2

5 930

9,1

14 429 22,2

4 146

6,4

18 198 28,0 7 240 11,1

1982

69 242

9 512 13,7 5 500

7,9

6 089

8,8

14 492 20,9

3 664

5,3

23 214 33,5 6 791

9,8

1983

77 807 11.299 14,5 6.276

8,1

6 312

8,1

15.002 19,3

4 083

5,2

25 067 32,2 7 558

9,7

257

Tons

%

8,1

2 210

2,8
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Table 3. continuation from p.324.
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The war period from 1991 to 1995, the era of the Homeland war, struck Munja d.d. even
more, which allocated and donated a value of almost 11.5 million DEM (it is almost identical
to the value of the company) to the Croatian army, and all of the war-affected areas in Croatia
but also in Bosnia and Herzegovina. Without batteries, after the termination of electricity
supply, there was no possibility of work in hospitals and all other institutions, agencies, etc.
All of the above has led to the inability of investment, lagging behind the competition and thus
complete technical and technological obsolescence. With the dissolution of Yugoslavia, Croatia
abandons planning (socialist) economy and “turned” towards market economy, but in a completely
wrong way (which will later be shown by time) and with the declared totally wrong approach.
This approach consisted of a policy of complete de-industrialization of the country and
“turning” to the economic policy of “land services” (tourism), which had disastrous
consequences for Croatia’s industry and manufacturing in general. A market for “anything
and everything” opens without quality control of imports, not taking into account the
“self-domestic” production, which leads Croatia from one industrialized republic, into a
position of almost complete collapse of industrial production and the dominance of imported
goods and “import lobbies”. The same happens with the battery market. While Munja was
“pressed” on one hand, significant commitments toward the Croatian Army (donations,
unpaid accounts, as well as everyday mobilization of hundreds of workers), and on the other
hand, the loss of market with the disintegration of the former USSR and Yugoslavia, outdated
equipment and technology, poorly managed economic policy of the state almost “stimulate”
batterie import, all kinds of quality, and without any control.
Absolutely dominated by imports, and almost exhausted by the war, then, expensive loans,
the lack of financial markets and the banking crisis of the 90’s, up until 2000 prevented
investment and after 1995. Such a situation is more conducive to import batteries from
foreign producers, who did not have these problems. All of this has led to a decrease in
production volume in Munja d.d. and increased import of batteries.
The same economic policy in the country (as noted earlier) continue after the year 2000 and
continues to this day, no matter which political option and which government had a mandate.
Table 4 outlines acumulator import, traction and stationary batteries and realization of
acumulators in the period from year 2001 to 2011.
Table 4. Imports of starter batteries, traction and stationary battery imports and acumulator

realization since 2001 to 2011 in the Republic of Croatia. Source: Internal data of Munja d.d.
Year

Starter battery imports

2001

Number
of pieces
311 104

2002

Traction and stationary
battery imports
Number
Value in
of pieces Tons
USD
862 497
1400
3 426 461

Acumulator realization

5343

Value in
USD
7 530 223

334 876

6125

8 649 553

39 301

468

1 004 969

2003

337 768

6239

10 337 088

421 665

272

784 388

2004

347 078

6492

12 045 590

26 934

314

906 830

73 668

2 145

3 975 932

2005

377 199

6485

12 837 681

114 932

341

875 321

93 724

2 049

4 412 948

2006

380 203

7053

14 203 279

80 379

507

1 434 889

1 866

2 127

4 992 917

2007

357 740

6615

18 656 532

77 195

469

1 862 145

60 820

1 878

5 704 122

2008

311 106

5728

18 554 412

315 606

457

2 121 061

35 321

1 065

5 008 962

2009

325 391

5931

16 747 545

49 935

304

1 183 302

21 803

1 115

4 634 786

2010

338 788

5993

17 005 469

49 541

409

1 569 868

32 868

1 187

2 731 530

2011

305 139

5191

16 370 200

449 564

1395

6 934 353

43 152

1 202

3 339 593

326

Tons

Number
of pieces
121 181

2 676

Value in
USD
4 326 302

79 025

2 012

3 578 665

58 572

1 580

3 727 751

Tons
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From Table 4, a huge potential is obvious on the Croatian market, as well as a great need for
this product in the Republic of Croatia and the profitability of investing in this product.
Munja d.d. launched an investment cycle that is necessary to conduct by program (program
accumulators; program of industrial and specialty batteries, recycling program) and stages.
This approach was used due to the specifics of the production, which is characterized by the
inability and unprofitability of long interruption of the production cycle, as well as a long
period of development of industrial equipment and installation of the same. From the
tehnological and temporal aspect it was planned to be implemented in two phases: Phase I. as
the period from 2005 to 2008, and Phase II. as the period from 2009 to 2013.
At the end of the first phase of modernization, the year 2008 stage of battery production,
comes the global crisis, which continues to this day, which has for Munja d.d. culminated
2009, the result of the famous “gas crisis” in which newly acquired machines were destroyed,
due to the disconnection of gas. With that, continuous production was interrupted for a long
time (18 months), which has stopped production in Munja d.d. for the first time in its history.
This has resulted in the loss of equipment and machinery, new financial costs, especially the
serious consequences resulting from the loss of contracts and markets, after a period of
investment. Consequences of damage are still being repaired, because certain parts and whole
equipment must be replaced with new one. From up above, it is evident that the Croatian
market is dominated by imported batteries.
Despite all the difficulties and weaknesses that Munja d.d. has itself, as well as all other
circumstances already mentioned, for the situation in the market, most of the blame is on
misguided economic policy of the Croatian Government in terms of industry and
manufacturing in the past 20 years, and especially the automotive industry.
Not only has nothing been done to “bring” some of the car manufacturers and establish a
production, and thus create conditions for the development of other industries depending on the
car production (as almost all other transition countries have done) but the dominant “import
lobbying” policy “choked” what little car industry remained in the Republic of Croatia.
It is impossible without a clear national vision and strategy for future development of the
national economy to develop future business. This is particularly expressed in the auto
industry for the following reasons:
 first, car production is virtually impossible without the involvement of the state, and
nowhere in the world did this investment happen without the state included in it,
 second, the production of cars, means OEM for a lot of other products from the auto
industry but also other industries (plastics, textiles, rubber, ...) and is always in direct
contact with the “protection and arrangements” on a higher state level,
 third, regardless of market liberalization in the world, especially in the EU, it is difficult to
develop a market without the “interference” of the state and “interesting state
protectionism” exists because each state “protects” its producers, though not more through
duties and taxes, but through “industrial protectionism”,
 fourth, the regulations of the “original parts” and “the original production” of lack of entry
to the OEM, enhanced control and the necessary certificates, “financial protectionism”:
through cheaper funding for manufacturers, regulations prompt payment of imported
goods produced in the domestic market, the lower the credit rating, or through “political
protectionism” information about the uncertainty of investment, poor protection of
invested capital, an uncertain transition area and the like.
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Unfortunately, in 20 years of its existence Croatia has done very little to protect and preserve
its production, and nothing at all to bring production to its area, and especially not for the
auto industry, which has caused a lot of damage and has serious consequences, both for the
development of the country, and lagging behind the countries in transition and in the region,
especially in the EU.

TENDENCIES IN THE AUTOMOTIVE INDUSTRY AND PRODUCTS
OF MODERN TECHNOLOGY – IDENTIFICATION
It is estimated that at this moment there are around 800 million vehicles of various types, of
which the most numerous are standard vehicles with internal combustion engines (gasoline or
diesel). There are great monetary investment in the development of other types of vehicles:
(i) hybrid electric vehicles, (ii) electric vehicles, and (iii) fuel cell vehicles 13, 14.
When comparing the various sources of energy, it may be best to compare the energy density
per unit weight of the various sources of energy, which is shown in Table 5.
It is obvious that gasoline has a huge advantage in this category, but given the limited oil
resources, as well as modern trends in environmental protection, there are more and more
investments in research and development of other types of vehicles that are powered by
internal combustion engines 1.
Table 5. Energy density per unit weight for different types of batteries 11.

Energy sources
Lead-acid batteries
Ni/MH batteries
Li-ion batteries
Gasoline

Energy density, Wh/kg
40
80
150
13000

HYBRID ELECTRIC VEHICLES
At the end of the twentieth century consumption of petroleum fuels in the world has
significantly increased and the emergence of the first symptoms of the oil crisis occurred,
which resulted in organized activities at the level of many countries, including the European
Union 3. Car manufacturers have decided to cut spending by combining an electric motor
with a combustion engine, thus developing a hybrid electric vehicle (HEV). Depending on the
inclusion of electricity (battery) to power the vehicle, several types of HEV were developed:
 Full HEV: a car driven by only an electric motor can move a small distance. The system

of electric battery is only used when the internal combustion engine works with small
efficiency and when high forces are needed. The battery is partially discharged while the
electromotor works and is recharged by the internal combustion engine. Regenerative
breaking too, plays an important role in charging the battery. The electrical system works
above 200 V. The fuel consumption has been reduced by 40 %,
 Range HEV: the electrical system is called mainly for acceleration phases and for starting
the vehicle. Regenerative charging of the battery when the vehicle slows down is
paramount to reducing fuel consumption. The electrical system works for between 100 V
and 200 V, and the reduction of fuel consumption is in the range of 15 % - 20 %
depending on the manner of driving,
 The micro HEV: uses a start-stop system that switches off the engine when the car stops
and the battery takes over the necessary electricity. In city driving, fuel consumption is
reduced about 8 %,
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 Plug in HEV: this version of the HEV uses an external power source to charge the battery.
It has the characteristics of an electric car of the classic internal combustion engine. When
the battery is discharged, the internal combustion engine works as a “back up” source of
strength (ILZSG Insight, 2010).
Fully electric cars use only the electric motor, powered by batteries that can be recharged by an
external power source. For now, only nickel-metal hydride (Ni/MH) batteries can do the task
and meet the requirements for power and energy in complete HEV. Intensive research and
development has been conducted in order to make lithium ion batteries suitable for HEV market.
Fully HEV is currently being produces by Toyota (Prius and the Hybrid Synergy Drive), Ford
(model Ford Escape and Fusion) and more recently General Motors. Range HEV also use
Ni/MH batteries (Honda Civic, Chevrolet Silverado, GM Saturn and Malibu, BMW Concept
7 Series, and others. Lead acid batteries are generally used in micro-HEV (mainly in Europe
BMW, Daimler and Citroen).
THE MAIN PROBLEM IN THE APPLICATION OF LEAD ACID BATTERIES IN HEV
Problems are mainly related to the negative plate: (i) a negative plate can not receive the high
charging current generated in regenerative braking and (ii) batteries work in a partial state of
charge, which leads to a rapid sulfatisation of the negative plate.
Batteries in Micro HEV’s and in conventional cars operate at over 90 % state of charge, and
up to 5 % depth of discharge. In such circumstances, negative plates do not suffer from
sulfatisation. Batteries in moderate HEV’s work from 70 % to 90 % charge. Under these
conditions, the battery is subject to slow sulfatization and requires s special treatment to
reverse this process.
The most difficult conditions are for full HEV batteries. Their zone of charge ranges from
30 % to 80 %, which supports rapid sulfatisation on negative plates and makes lead-acid
batteries unsuitable for use in these types of HEV.
The most logical approach to solving the problem was to look for an alternative to the
conventional leaded negative panel or reduce its contribution to the battery. For this role
carbon super capacitors were selected.
Axion Power International has completely replaced the negative plate VRLAB with carbon
super capacitors. CSIRO and Furukawa Battery have developed and tested their battery (they
called it the Ultra battery) with a negative plate, which consists of half a regular lead plate and
half of a carbon super capacitor. Energy (USA) uses carbon foam instead of lead bars to hold
the negative active material and to maintain a stable 3D structure of NAM with wide open pores.
Since 2004 The Advanced Lead-Acid Battery Consortium sponsored research adding
electrochemically activated carbon to the negative active material, thus increasing the surface
on which the reaction takes place, hence speeding up the process.
All these innovations are in development and testing, and are not commercially available, but can
be expected to mark the third phase in the development of technology for lead-acid batteries.
AUTOMOTIVE BATTERIES – THE OVERALL IMPACT OF HYBRID ELECTRIC
VEHICLES
The HEV market is growing, it is dominated by Toyota and Honda, but the other big players
are preparing to enter. In year 2010 it accounted for 1 % of the global market and is expected to
grow at 2 % – 3 % to the year 2015, and 5 % – 7 % by 2020. In this area, a major influence is on
legislation for the protection of the environment, reducing of greenhouse gasses emission, etc.
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Currently, HEV are using Ni/MH, but it is expected that Li-ion batteries will become
important. “Soft” or micro-hybrids used lead-acid batteries for “stop & go” driving. Full
Hybrids still use a small, 12 V lead-acid battery for lighting, motor and electrical system of
the vehicle. HEV is expected to have a modest effect on the market of automotive batteries in
the next 10 years.
In these systems, the engine switches off when the vehicle stops and on again when the
vehicle is moving, and thus saves fuel and reduces emissions of harmful particles in the air.
Battery cycles are much more intense: multiple engine start-standard lead-acid batteries have
a limited life under such conditions. VRLA AGM batteries behave well in these conditions,
ELF (Extended Life Flooded – submerged Extended Life) have been developed to meet these
requirements with lower cost.
In this category, Europe is a key market. It is expected that these systems will become
standard on most vehicles by 2015, when the predicted market would be 19 million units for
the OEM, and 53 million pieces to replace 11.
North America is much less important, there is a lot more HEV, the technology “stop & start” has
a problem with the automatic transmission, which is massively represented in the United States.

Figure 2. Lead-acid batteries in the “Stop & Start” system 11.

SALES OF HYBRID ELECTRIC VEHICLES – HEV
According to data 11 in the year 2010, 900 000 units were sold, according to the
manufacturer: Toyota 78 %, Honda 16 %, Ford 4 %, other 2 %, or according to the country of
sale: Japan 55 %, U.S.A. 30 %, Europe 11 %, other 4 %, or according to technology: Ni/MH
95 %, Li-ion 5%. The main suppliers of batteries for HEV’s are Panasonic and Sanyo (owned
by Panasonic). Expectations by 2020 are: sales of around 3,5 million while the share of
Li-ion batteries is to increase to 35 %. Therefore, a limited impact is expected on the market
for lead-acid batteries for at least another 10 years.
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Lead-acid batteries have good power density, which is important, while they have poor
energy density (due to the high specific gravity of lead). Working in HEV’s damages
lead-acid batteries, and so solutions have been developed to solve this problem by improving
the collection of electricity and adding special carbon additives to the negative panel 2.
After the battery performance, another important parameter is the price (Table 6). It is
obvious that the kWh of energy from a lead-acid battery is at least three times cheaper than
those derived from other types of batteries.
Table 6. Price of kWh per unit of energy for different types of batteries. From 11.

Type
Lead acid batteries
Ni/MH baterries
Li-ion baterries

Price, US$/kWh
150-200
600-800
600-1200

CONCLUSION ON NEW TECHNOLOGIES
New technologies in the production of accumulators suggest the following trends. First, the
market for lead-acid batteries is going to grow for a long time and the impact of new
technology vehicles will be limited. Second, currently there is no new energy storage system
to replace lead acid batteries in existing applications, except when it comes to applications in
very small spaces.
Third, the lead-acid battery is widely applied for micro hybrids and has the potential for full
hybrids (that is dominated by Ni/MH, in the future, Li-ion). Fourth, regarding the application
of the car, AGM VRLA batteries or ELF are critical to satisfying life in the “Stop & Start”
application 12.

CONCLUSION
The battery industry in future development is under influence of different events and trends.
One of the most important trends, but also the need for our common future, is environmental
protection. Since accumulators and batteries have a tremendous negative impact on the
environment in the event that they are not stored and recycled in a proper way, of primary
importance is to ensure the two levels of Environmental Protection. Firstly, it is necessary to
strive for an even greater extent of the use of raw materials and production processes that
ensure the protection of the environment as much as possible. Secondly, it is necessary to
provide recycling options for a large number of used batteries, and in doing so also use the
procedures that will ensure the protection of the environment as much as possible.
Innovations such as “green production” should be the main driving force in achieving these
goals. Such changes are a necessity in the medium term 6, 7.
The most important lever in the development of the battery industry is the possible change of
the industrial paradigm in Croatia. On the territory of the European Union and Croatia, the
competition is very high, while the Croatian market is open to all producers. Although one
cannot expect the closing market, nor should it be ultimately desirable, Croatia should
actively support the development of industries, and by the fiscal and monetary policy.
To a large extent the development of industries is based on cooperation with subcontractors,
small and medium enterprises. Therefore, an active support of the development of industrial
enterprises would contribute to not only increase their competitiveness, but also the
competitiveness of small and medium enterprises, and general economic activity and
ultimately employment.
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The battery market is largely influenced by the domestic industry. Countries where there is a
production of batteries together with the automotive industry, provide a much better starting
position to their economic operators from both industries. Economic operators from the
battery industry are able to better plan production and inventories of raw materials and
finished products, since much of the loans are provided by the automobile industry in the
country. Economic operators from the automotive industry are also in a better situation
because of the greater ability to control the quality and the volume and timing of production.
The above changes would be of primary importance in the short term. Major impact on the
battery industry can also have changes on a global scale. It is possible that due to unforeseen
circumstances, such as military activities, there is a high demand for batteries for military
vehicles. The economic subject in this case should also be able to quickly adapt to such changes.
However, the ability to quickly adapt is not acquired overnight. Instead, it is constantly
required to work within the economic entity on the ability of rapid change. Such changes
should be planned in the long term. Although they appear unexpectedly, businesses that are
prepared for them can have a significant strategic advantage in the case of such an event.
It is possible that in the medium term (five years) no major changes occur, and that the
industry achieves approximately the same terms and conditions as it has been until now. Such
a scenario can be called a status quo. However, the hope is that it will be an active policy to
stimulate economic growth, which will increase and better the starting position for achieving
competitiveness of undertakings from the battery industry.
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TENDENCIJE RAZVOJA GLOBALNOG TRŽIŠTA BATERIJA
S NAGLASKOM NA REPUBLIKU HRVATSKU
I. Miloloža
Munja d.d.
Zagreb, Hrvatska

SAŽETAK
Akumulatori i trakcijske baterije ugrađuju se u prijevozna sredstva, koja se pokreću motorima na sagorijevanje
fosilnih goriva, kao što su kopnena, zračna i plovna vozila. Slično je i sa stacionarnim baterijama koje napajaju
strujom stacionarne objekte. Upotreba ovih proizvoda ukazuje na posebnosti tržišta, jer najčešće nije krajnji
potrošač, onaj koji je u tržišnoj vezi sa proizvođačem, nego gotovo uvijek je netko između njih, koji ih
povezuje. Prema tome, između proizvođača i korisnika posreduju distributeri na veliko i malo, serviseri
postrojenja u kojoj se ovaj proizvod ugrađuju, ili proizvođači koji vrše prvu ugradnju u automobilu. Industrija
proizvodnje akumulatora strateška je industrija, budući da pokretanje vozila ovisi, osim o dostupnosti goriva i o
dostupnosti akumulatorskih i trakcijskih baterija. Rad sadrži pregled grane proizvodnje akumulatora, kao grane
industrije, na globalnom i hrvatskom tržištu. Prikazan je razvoj po strukturi razvoja, ali i po izvorima
primijenjenih tehnologija, posebice suvremene tehnologije. U najvećoj je mjeri rad usredotočen na razvoj
hrvatske industrije akumulatora i njezinog jedinog predstavnika, poduzeće Munja d.d. Začeci poslovanja
navedenog poduzeća koreliraju sa začecima automobilske industrije uopće. Poslovanje niti jednog poduzeća ne
može se promatrati odvojeno od okoline. Stoga se poslovanje poduzeća Munja d.d. promatra s obzirom na
razvoj u prošlom stoljeću, ali u odnosu na druge proizvođače akumulatora, u bivše dvije zajedničke države, ali i
svjetske proizvođače akumulatora.

KLJUČNE RIJEČI
industrija akumulatora, globalno tržište, Republika Hrvatska, proizvodnja, potrošnja
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ABSTRACT
This work considers use neurofuzzy set theory for estimate abrasion wear resistance of steels based on
chemical composition, heat treatment (austenitising temperature, quenchant and tempering
temperature), hardness after hardening and different tempering temperature and volume loss of
materials according to ASTM G 65-94. Testing of volume loss for the following group of materials as
fuzzy data set was taken: carbon tool steels, cold work tool steels, hot work tools steels, high-speed
steels. Modelled adaptive neuro fuzzy inference system (ANFIS) is compared to statistical model of
multivariable non-linear regression (MNLR). From the results it could be concluded that it is possible
well estimate abrasion wear resistance for steel whose volume loss is unknown and thus eliminate
unnecessary testing.

KEY WORDS
abrasion resistance, tool steels, modelling, neurofuzzy

CLASSIFICATION
JEL: Z19
PACS: 07.05.Mh, 62.20.Qp

*Corresponding author, : dlisjak@fsb.hr; +385 1 6168 377;
*FSB, I. Lučića 1, HR – 10 000 Zagreb, Croatia
*

Prediction the abrasion resistance of tool steels by means of neurofuzzy model

INTRODUCTION
The good wear resistance, especially against abrasion, is the most important property of tool
materials. The main influence factors, which determine the abrasion resistance of steel, are:
chemical composition (carbide forming elements), microstructure (type, form, distribution
and contents of carbides) and hardness (macro and micro) [1, 2]. It is well known, that the
abrasion wear resistance mostly depends on the types (hardness) and contents of carbides in
martensite matrix (Fig. 1). Additionally, the microstructure constituents change own form,
size and distribution during the tempering, e.g. depend on tempering condition (Fig. 2). The
determination of the form, distribution and portion of carbides by quantitative image analysis
for each heat treatment condition of certain steel require a long time. Additional problem is
the identification the type of carbides in a microstructure. In this paper an easier way for
predicting the abrasion wear resistance of different tool steels by means of neural network
and fuzzy method is investigated. The input data were not the microstructure parameters but
the known chemical composition of steel and hardness in the hardened and tempered
conditions. The learning data set for neural network contains chemical composition, heat
treatment parameters, hardness and volume loss of different tool steels and high speed steels
in different heat treatment conditions (Table 1).

Figure 1. Relative wear of different tool steels vs. weight portion of carbides [1].

Figure 2. Microstructure of sample steel X160CrMoV12-1 (Scanning Electron Microscope

micrograph’s – secondary electron image). Left: tempering temperature 160 ºC and hardness
61,5 HRC, right: tempering temperature 515 ºC and hardness 60,5 HRC [1].
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RESULTS OF ABRASION WEAR RESISTANCE
Different tool and high speed steel (10 types) have been austenitised and quenched applying
specified temperatures and quenching media. After hardening, each sample has been
tempered applying several different temperatures, and subsequently hardness (HRC) and
volume loss (GV, mm3) were measured.
The measure for abrasion wear resistance were data for volume loss after testing of steels in
different heat treatment conditions using a method dry sand(SiO2)/rubber wheel – ASTM
G65-94 (Fig. 3.).
Table 1. The data for investigated steels [3, 4].
Steel
Composition – element*, %
designation
C Si Mn Cr Ni Mo W
EN AISI

Hardening

Temp., Hardness,
HRC
V Ta, ºC Quench C

GV,
mm3

20
150
180
320
370
440
20
200
320
370
470
20
150
200
320
480
550
590
650
20
590
540
630
650
20
200
230
550
590
650

68
67
65
56
50
44
65
61
58
56
50
66
65
63
59
54
49
43
38
54
52
54
48
44
64
62
61
56
51
44

61,05
64,35
66,55
93,20
104,60
116,60
59,50
70,60
98,55
104,60
118,65
24,65
23,95
28,95
30,15
31,70
39,10
48,25
64,35
128,40
127,00
136,05
144,70
186,05
57,75
61,25
62,25
75,75
83,40
107,70

0,95 0,29 0,29
CT105W110
1,00 0,31 0,31 0,00 0,00 0,00 0,00 0,00 760
W1
1,05 0,32 0,32

water

0,86 0,24 1,90 0,33
0,09
90MnCrV8
0,91 0,25 2,00 0,35 0,00 0,00 0,00 0,09 800
O2
0,95 0,26 2,10 0,37
0,10

oil

1,96 0,29 0,29 11,4
0,09
2,09 0,31 0,31 12,0 0,00 0,00 0,00 0,10 980
2,21 0,32 0,32 12,6
0,10

oil

0,38 0,95 0,38 4,75
1,43
0,95
X40CrMoV5-1
0,40 1,00 0,40 5,00 0,00 1,51 0,00 1,00 1040
H13
0,42 1,05 0,42 5,25
1,58
1,05

oil

0,95 0,29 0,57 4,75
0,95
0,24
X100CrMoV5-1
1,00 0,31 1,20 5,00 0,00 1,00 0,00 0,25 960
A2
1,05 0,32 0,63 5,25
1,05
0,26

oil

1,43 0,29 0,29 11,4
0,86
0,95
1,51 0,31 0,31 12,0 0,00 0,91 0,00 1,00 1040
1,58 0,32 0,32 12,6
0,95
1,05

oil

20

63

59,90

salt
bath

150
550
520
660
680
690

66
65
65
57
55
51

23,30
25,80
27,95
41,55
66,70
77,75

X210Cr12
D3

X160CrMoV12-1

D2

0,86 0,23 0,20 3,80
4,75 6,18 1,81
HS6-5-2611
0,91 0,34 0,30 4,00 0,00 5,00 6,51 1,91 1260
M2
0,95 0,45 0,40 4,20
5,25 6,83 2,00
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Table 1. continuation from p.336.
Steel
Composition – element*, %
designation
C Si Mn Cr Ni Mo W
EN AISI

*
*

-F2

1,20 0,10 0,10 0,20
1,30 0,30 0,30 0,30
1,40 0,50 0,50 0,40

-A6

0,65 0,10 1,80 0,90
0,70 0,40 2,15 1,15
0,75 0,70 2,50 1,40

-S2

0,40 0,90 0,30 0,00
0,48 2,10 0,40 0,30
0,55 1,20 0,50 0,30

numbers within a cell represent
uppermost to the lowest row.

Hardening

Temp., Hardness,
HRC
V Ta, ºC Quench C

GV,
mm3

20
67
39,35
180
65
36,15
0,00 0,00 3,00 0,00
330
59
47,25
0,75 0,15 3,75 0,10 800 water
370
55
56,85
0,75 0,15 4,50 0,10
450
50
57,40
430
52
57,80
20
62
73,80
180
60
75,23
0,00 0,90 0,00 0,00
340
55
106,30
air
0,75 1,15 0,10 0,10 840
0,75 1,40 0,10 0,10
480
50
118,10
590
45
130,75
20
63
81,70
0,00 0,30 0,00 0,00
150
62
81,30
oil
0,75 0,45 0,10 0,50 880
290
59
113,75
0,75 0,60 0,10 0,50
430
53
137,30
minimal, average and maximal value, respectively from the

EXPERIMENT
Schematic representation of the standardised experiment is whosn in Figure 3. The diagrams
in Figure 4 show the characteristic depending of hardness and volume loss vs. tempering
temperatures for two steel types.

Figure 3. Sketch of a testing method of abrasion wear resistance according to ASTM G65-94 [2].

Based on the measured data for hardness and volume loss after abrasion test of all
investigated steel types in different tempering condition, listed in Table 1, regression analysis
resulted with a following linear relation between hardness (HRC) and volume loss GV in mm3:
GV = –2,8146  HRC + 235,53
(1)
2
The coefficient of determination is relatively low (R = 0,312) what indicate that about of
70 % the influence factors on the abrasion resistance are not included or have not been known
but could be significant e.g. carbide content or chemical composition as one group of input
variable for formation of the carbides.
337

D. Lisjak and T. Filetin
X100CrMoV5-1

90MnCrV8

64

120

62
110

60
58

100

56
HRC

GV mm3

90
80

54
52
50

70

48
60
50

46
0

100

200

300
400
Temp °C

500

600

700

44

0

100

200

300
400
Temp °C

500

600

700

Figure 4. Abrasive volume loss and hardness vs. tempering temperature for two steel types.

NEUROFUZZY MODEL
The key benefit of fuzzy logic is, that it lets you describe desired system behaviour with
simple “if-then” relations (Figure 5). In many applications, this gets a simpler solution in less
design time. In addition, we can use all available engineering know-how to optimize the
performance directly.
While this is certainly the beauty of fuzzy logic, it at the same time is its major limitation. In
many applications, knowledge that describes desired system behavior is contained in data
sets. Here, the designer has to derive the “if-then” rules from the data sets manually, which
requires a major effort with large data sets.
When data sets contain knowledge about the system to be designed, a neural net promises a
solution as it can train itself from the data sets. The sparse use of neural nets in applications is due
to a number of reasons. First, neural net solutions remain a “black box”. We can neither interpret
what causes a certain behavior or we can modify a neural net manually to change a certain
behavior. Second, neural nets require prohibitive computational effort for most mass-market
products. Third, selection of the appropriate net model and setting the parameters of the learning

Figure 5. Layers of fuzzy system [6].
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algorithm is still a “black art” and requires long experience. Of the aforementioned reasons,
the lack of an easy way to verify and optimize a neural net solution is probably the mayor
limitation.
In simple words, both neural nets and fuzzy logic are powerful design techniques that have its
strengths and weaknesses. Neural nets can learn from data sets while fuzzy logic solutions are
easy to verify and optimize. If we look at these properties in a portfolio, the idea becomes
obvious, that a clever combination of the two technologies delivers best of both worlds.
Combine the explicit knowledge representation of fuzzy logic with the learning power of
neural nets, and we get NeuroFuzzy.
One major milestone in the development of neural net technology was the invention of the
so-called error back propagation algorithm about ten years ago. The error back propagation
algorithm soon became the standard for most neural net implementation due to its high
performance. First, it selects one of the examples of the training data set. Second, it computes
the neural net output values for the current training examples’ inputs. Then, it compares these
output values to the desired output value of the training example. The difference, called error,
determines which neuron in the net shall be modified and how. The mathematical mapping of
the error back into the neurons of the net is called error back propagation.
If the error back propagation algorithm is so powerful, why not use it to train fuzzy logic
systems too? But this is not straightforward. To determine which neuron has what influence,
the error back propagation algorithm differentiates the transfer functions of the neurons. One
problem here is that the standard fuzzy logic inference cannot be differentiated.
To solve these problems, some neuro-fuzzy development tools use extended fuzzy logic
inference methods. The most common approach is to use so-called Fuzzy Associative
Memories (FAM). A FAM is a fuzzy logic rule with an associated weight. A mathematical
framework exists that maps FAMs to neurons in a neural net. This enables the use of a
modified error back propagation algorithm with fuzzy logic. Modern NeuroFuzzy tools work
as an “intelligent” assistant with our design. They help us to generate and optimize
membership functions and rule bases from sample data.
When experimental data exists, fuzzy systems can be trained to represent an input-output
relationship. By using gradient descent techniques, fuzzy system parameters, such as
membership function (LHS or RHS), and the connectives between layers in an adaptive
network, can be optimised. Adaptation of fuzzy systems using neural network training
methods has been proposed by various researchers [4, 5]. Regardless of the method or the
parameter of the fuzzy system chosen for adaptation, an objective error function E must be
chosen. Commonly, the squared error E is chosen:
E

( y  y' )2
,
2

(2)

where y’ is the target output, and y is the fuzzy system output. Consider the i-th rule of the
zero-order Sugeno fuzzy system consisting of n rules (i = 1, ..., n). The Figure 6 shows the
zero-order Sugeno system with m inputs and n rules.
Mathematically, zero-order Sugeno systems is represented by the following equations
m

wi    Aj ( x j ) ,

(3)

j 1

where µA(x) is the membership of xj to the fuzzy set A and wi is the degree of fulfilment of
the i-th rule. The normalized degree of fulfilment is given by
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Figure 6. Model of a zero-order adaptive neurofuzzy inference system (ANFIS) [6]. Here x is
the input vector, A is an antecedent membership function (LHS), µA(x) is the membership of
x to set A, wi is the degree of fulfilment of the i-th rule, ŵi is the normalized degree of
fulfilment of the i-th rule, ri is a constant singleton membership function of the i-th rule
(RHS), while yi is the output of the i-th rule.

wi 

wi

,

n

w
i 1

(4)

i

The output y of a fuzzy system with n rules can be calculated as:
n

n

i 1

i 1

y   wi f i   yi .

(5)

In this case, the system is a zero-order Sugeno system and fi is defined as:

f i = r i.

(6)

RESULTS AND DISCUSSION
Standard designations of steel grades whose wear resistance has been evaluated applying
neourofuzzy model of conclusion making mechanism are listed in Table 1. For each of grades
the mean values of content have been calculated from minimum and maximum values for
each of eight chemical elements. Input data for ANFIS modelling according Table 1 contain
mean values of chemical composition and HRC hardness, while output data contain value of
mass loss. Available set contains total of 52 records. Out of this total, 50 percent of records
have been randomly selected for training (learning) data set, while remaining records are
assigned to checking (25 %) and testing set (25 %). Method of subtractive clustering [8] has
been applied for optimisation of ANFIS, i.e. for number and shape of membership functions
and their location within universe of discourse. For the applied method, parameter radii of
0,995 was selected, where radii is a vector that specified a cluster center’s range of influence
in each of the data dimension. Other parameters for ANFIS learning were as follows: training
epoch number equaled 10; training error goal was set to 0; initial step size was set to 0,07;
step size decrease rate equaled 0,7 while step size increase rate equaled 1,05. Volume loss
GVMNLR was estimated applying Multivariable Non-linear Regression (MNLR) and
Hougen-Watson model [9] with shape fitting curve:
GVMNLR = c  b1 x1  b2 x22  b3 x33  b4 x44  b5 x55  b6 x66  b7 x7  b8 x8  b9 x9 .

(7)

and parameters c = 5, b1 = 159,4153, b2 = 5,3485, b3 = 2,5476, b4 = –0,0108, b5 = 149, 4353,
b6 = –0,0056, b7 = –30,3958, b8 = 146,8483 and b9 = –1,7242.
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Independent variables Xi (i = 1, ..., 8) represent chemical composition in percentages: X1
represents percentage of carbon, X2 of silicon, X3 of manganese, X4 of chromium, X5 of
nickel, X6 of molybdenum, X7 of tungsten, X8 of vanadium. Along with these, X9 represents
hardness as measured in HRC.
Results of investigation and comparison of volume loss evaluations applying neurofuzzy and
MNLR model to experimental data are plotted in diagrams for generalization of training and
testing data sets (Figs. 7 and 8). Statistical parameters R-correlation coefficient, SSE-sum
square error, MSE-mean square error, RMSE-root mean square error, NRMSE-normalized
root mean square error are given in Tables 2 and 3.

Figure 7. Generalization of data set used for training.
Table 2. Statistic parameters of data set used for training.
GV, mm3
Statistical parameters
Method
min
max
mean median
std
R
SSE MSE RMSE NRMSE
0,99 179,53 6,64
2,57
0,26
NeuroFuzzy
23,30 137,30 71,10 62,25 37,53
0,90 6750,60 250,02 15,81
0,42
MNLR
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Figure 8. Generalization of data set used for testing.
Table 3. Statistical parameters of data set used for testing.
GV, mm3
Statistical parameters
Method
min
max
mean median
std
R
SSE
MSE RMSE NRMSE
0,97
1122,8
86,36
9,29
0,24
NeuroFuzzy
24,65 144,70 79,53 77,75 38,72
0,94 2735,8 210,44 14,50
0,37
MNLR

CONCLUSIONS
Considering rather limited collection of available data, adaptive neurofuzzy inference engine
(ANFIS) providing estimation of volume loss (GV, mm3) for the abrasion wear was
successfully modelled.
Optimisation of ANFIS, i.e. number, shape and position of membership functions within
universe of discourse has been made applying substractive clustering method. In this manner,
combinatory explosion of rules is avoided. Suitability of neurofuzzy model has been
confirmed through comparison with statistical model of multivariable non-linear regression.
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Though advanced algorithm for multivariable non-linear regression was used for
experimental work, registered results were inferior to those obtained by neurofuzzy model.
NRMSE-normalized root mean square error index has been used as a measure for the model
fitness. As presented in Tables 2 and3. For training and testing data sets, NRMSE indexes are
smaller for neurofuzzy model than for MNLR model. Somewhat lower NRMSE index value
for the checking data set might be explained by the fact that these data have not been
included in the learning process. For selecting appropriate model for evaluation of abrasion
volume loss (GV, mm3), relevant information is NRMSE index obtained from testing data
set. From Table 4 it can be noted that neurofuzzy model is more appropriate. The more
accurate results could be done by working out with more homogenous data what means
analysis inside the group of similar steel grades. Further research will be directed to
modelling of ANFIS that will include effects of type and content of carbides and their
microhardness, content of retained austenite upon the wear resistance.
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PROCJENA OTPORNOSTI ABRAZIJI ALATNIH ČELIKA
PRIMJENOM NEUROFUZZY MODELA
D. Lisjak i T. Filetin
Fakultet strojarstva i brodogradnje – Sveučilište u Zagrebu
Zagreb, Hrvatska

SAŽETAK
U radu se razmatra primjena neurofuzzy modela za procjenu otpornosti na trošenje čelika na temelju kemijskog
sastava, sprovedene toplinske obrade (temperatura austenitizacije, temperatura kaljenja temperatura popuštanja),
izmjerene tvrdoće nakon kaljenja s različitih temperatura kaljenja, te ispitivanja gubitka volumena materijala
propisano prema standardu ASTM G 65-94. Ispitivanje gubitka volumena provedeno je za sljedeće skupine
materijala: ugljični alatni čelici, alatni čelici za hladni rad, alatni čelici za topli rad i brzorezni čelici. Rezultati
neurofuzzy adaptivnog modela također su uspoređeni u odnosu na statističko modeliranje multi-varijabilnom
nelinearnom regresijom. Iz rezultata se može zaključiti da je moguća procjena otpornosti abrazivnog trošenja
čelika primjenom neurofuzzy modela, te se predloženim modelom izbjegava dugotrajno laboratorijsko
ispitivanje, a troškovi budućih ispitivanja mogu se značajno smanjiti.
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ABSTRACT
Human societies are complex thermodynamic systems. It is natural to ask to what extent results
obtained from simple thermodynamic systems can be extended to provide insights into more complex
thermodynamic systems. We apply some simple results from thermodynamics to examine relations
among population size, migration patterns, living standard, space, social pressure, and cost to raise
children. The result shows that at low levels of living standard, increasing living standard will
increase the population size and at high living standard, increasing living standard will decrease the
population size. The increase of population size or living standard increases social pressure and
pressure to migration.
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INTRODUCTION
Biological systems, including human societies, are complex thermodynamic systems. It is
natural to ask to what extent results obtained from simple thermodynamic systems can be
extended to provide insights into more complex thermodynamic systems. In ecological
studies, sizes of animal population and their changes are regarded as the most important
indicators of the state of conditions of the animals. Similarly, sizes of human population and
their changes are among the most important indicators of the society’s wellbeing. In this
paper, we will present some simple analytical results from thermodynamics and examine
their parallel in human societies. Specifically we will present the results of number of
molecules of gases as functions of temperature, space, pressure, and latent heat. Then we use
the same analytical relations to examine how population size is related to living standard,
space, social pressure, and cost to raise children.
Life is made from non-living materials. But it takes a lot of energy to transform non-living
materials into life. Similarly, it takes a lot of energy to transform liquid into gas. We will
explore parallels between gas and life, especially human societies. Gases occupy space, exert
pressures on each other and the environment, and have temperature, which is a measure of
average kinetic energy of gas molecules. In parallel, human beings occupy space, exert
pressure to each other and to the environment, and consume energy. The amount of energy
consumed is highly correlated with income or living standard. So there is a parallel between
temperature and income or living standard. This parallel has already been explored by linking
temperature to income in modeling income distribution in human societies 1. We will apply
the state equation of ideal gas to discuss the relations between living standard, space and
pressure in human society. Then we will derive a formula for the number of gas molecules as
a function of volume, latent heat and temperature, and interpret the formula as the size of
human population as a function of available space, cost in raising children and living
standard. From the formula, human population is an increasing function of available space
and a decreasing function of cost in raising children. The relationship between living
standards and human population is more subtle. At a low level of living standard, its increase
will increase the population size. After a certain point, the population size will begin to
decline with the further increase of living standards. These relationships are consistent with
empirical observations 2.

SOME RELATIONS AMONG THERMODYNAMIC VARIABLES AND
THEIR APPLICATION TO HUMAN SOCIETIES
The state equation of an ideal gas is
PV = nRT,
(1)
where P is pressure, V is volume, n is the amount of substance, R is a constant and T is
temperature. This relation was previously applied to economic activities 3. In our work,
when applied to human societies, let n represent the population of the society, T represent
living standard of the society, P represent social pressure and V represent the amount of space
occupied by the society. When population or living standard of a society increases, it
generates pressure to expand. As a result, living space often expands when a social group’s
number or living standard increases. Indeed, peaceful migrations and migrations backed by
superior military powers characterize the most important events in human history. When
migrations are impossible or inadequate, increasing population density and living standard
will generate high internal pressure, which will eventually lead to revolution, war, epidemics
or the reduction of fertility rate to below replacement rates. Recently, revolutions occured in
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countries where living standard is relatively high, and not in the poorest countries. One may
argue that this is because the increase of living standard increases social pressure. In other
countries, increasing living standard leads to fertility rates below replacement rate, which
lowers the number of population and hence social pressure.
From (1), we have
n = PV/RT.

(1)

To model the transformation from non-living systems to life, we will consider a system
contains both liquid and gas. Latent heat is the amount of energy required to transform liquid
into gas. Let L represent latent heat per mole of molecule. From a textbook on
thermodynamics, such as 4, in equilibrium condition,

P  P0 e  L / RT .

(2)

Substituting P from (2) into (1) we obtain

P0 V  L / RT
e
.
RT
For simplicity, we assume all constants to be one. Then one has
V
n  eL / T .
T
n

(3)

(4)

Hence n is a function of V, L and T. Quantity n is proportional to V, the amount of space. This
is intuitively clear. n is a decreasing function of l, the latent heat. If it takes more energy to
turn a specific type of liquid into gas, then there will be less gas molecules in the space. This
is also intuitively clear. The relation between n and T is more subtle. When T is small, n is an
increasing function of T. When T is large, n is a decreasing function of T.
In formula (4), the number of gas molecules is a function of volume, latent heat and
temperature. To apply the theory to human societies, we had stated earlier that n represent the
population size of the society, T represent living standard of the society and V represent the
amount of space occupied by the society. We further assume that L represents the cost of
raising a child. In physics, the transformation for a molecule from liquid state to gas state is
instant. In biological and social systems, the cost of raising children is spread over long term
and highly non-trivial to define and measure precisely.
With the reinterpretation of parameters in formula (4), we can discuss the factors that
determine the size of human population in a society. First, the size of human population is
proportional to available space. This is intuitive enough. Many factors affect the size of the
available space that is suitable for human habitat. With higher level of energy input, many of
the earlier inaccessible places, due to coldness, hotness or dryness, become hospitable to
humans. More energy input and technology also enable human beings to live in multiple level
buildings, thus increasing the living space. On the other hand, the depletion of soil or other
resources transform the previously fertile land into desolate land.
Second, the size of human population is negatively correlated to the cost of raising children.
It can be difficult to determine the factors and their weights adding to the total cost in raising
children. An important factor is the age of women giving birth. If women give birth at an
earlier age, the cost toward mother, and hence the cost of raising children, is lower. It is also
easier for younger women, who are more energetic, to deliver and take care of babies.
Therefore, we would expect in a society with lower average age of women giving birth, the
population density will be higher.
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Third, at low level of living standard, raising living standard will increase population density;
at high level of living standard, raising living standard will decrease population density. A
typical graph of population density as a function of living standard, drawn from (4), is shown
in Figure 1. At low living standard, raising living standard will provide more food and better
nutrition to people so women will become more fertile. Higher living standard also provides
better conditions for public health to reduce diseases. When living standard becomes rather
high, each member of a society will require large private space and higher energetic
activities, such as driving, require large public space. This reduces the maximum population
density. The relation between population size and living standard from this analytical model
is consistent with empirical patterns. The increase of living standard in poor countries
generally generates population growth. The increase of living standard or cost in raising
children in rich countries will eventually make their current populations above equilibrium
sizes, which will lead to below replacement fertility rates in these countries. This relation
between living standard and size of population has important policy implications. It is a
universal government policy to raise living standard. At the same time, in most countries with
high living standards, where fertility rates are below replacement rate, it is also a universal
policy to increase fertility. Our model suggests that these two policies are incompatible. To
maintain the replacement fertility, it is necessary to lower living standard in these countries.
The previous discussion assumes that the cost in raising children, living standard and
available space are independent variables. However, the cost of raising children depends on
the amount of available resources and in turn influences the control and access to resources,
which affect living standard and available space. The actual dynamics among different
parameters in human societies is much more complex. That dynamics is explored in other
works 5-7.
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Figure 1. Relation between living standard and population density in equilibrium.

CONCLUDING REMARKS
In this paper we show that results obtained from simple thermodynamic system can be
extended to provide qualitative understanding about more complex thermodynamic systems,
such as human societies. We developed an analytical model of human population as a
function of available space, cost of raising children and living standard. However, this article
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is an attempt to stimulate further exploration among researchers to understand human
societies as physical systems. Much improvement can be made in modeling and interpretation
of the analytical results.
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STANOVNIŠTVO, MIGRACIJE, STANDARD ŽIVLJENJA
I SOCIJALNI TLAK: MODELIRANJE PRISTUPOM IZ
TERMODINAMIKE
J. Chen
Poslovno učilište – Sveučilište Sjeverne Britanske Kolumbije
Princ George, Canada

SAŽETAK
Ljudska društva kompleksni su termodinamički sustavi. Prirodno se postavlja pitanje do koje mjere se rezultati
opisa jednostavnih termodinamičkih sustava mogu proširiti za dobivanje uvida u kompleksnije termodinamičke
sustave. Primijenjeni su jednostavniji rezultati iz termodinamike za ispitivanje relacija između broja stanovnika,
obrazaca migracija, standarda življenja, prostora, socijalnog tlaka i podizanja djece. Rezultati upućuju na to
kako, pri nižem standardu življenja, njegovim porastom dolazi do povećanja broja stanovnika dok pri višem
standardu življenja njegovim porastom dolazi do smanjenja broja stanovnika. Porast broja stanovnika ili
standarda življenja povećava socijalni tlak i poticaje za migracije.
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Correct form of Figure 2 is as follows:
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