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A BRIEF PRESENTATION OF
THE EXPLORATORY WORKSHOPS

EDEN I
2008, 2" of March,
University of Pitesti

The objectives of the workshops are a brief
presentation of the history of Econophysics and the
remarkable evolution of research in this inter- Jtmuand
trans-disciplinary field, an applicative detail peatation
emphasizing its impact on the sphere of the iseelesant
of educational, research, banking, finance
administrative institutions, as well as an inveptdrawing
of the resources, authors, links, institutes ane$o of
actively and permanently promoting the new domain i
Romanian banking, financial, academic and higher
education institutions; the final round tables wilbke a
thematic repertory of new exploratory domains to be
applied in Romanian banks and universities, as wasl|
scientific research in Romania, some possibleraléia of
the Romanian economists and physicist within the/ ne
domains in Econophysics, and the necessity of the
workshop as a good collaborative work by econanist
engineers, physicists, informaticians, statistisjan
econometricians, and mathematicians.

The themes of the workshopsare defined by the
prospective exploration of the Romanian and Europea
academic potential and the inventorying of other
exploratory domains of applicative research through
Econophysics. The detail presentation of the ektiiaary
evolution of the researches carried out within ifier-,
multi- and trans-disciplinary science of Econophgsis
followed by the results of two researches on fifagmand
accreditation of a number of academic and research
institutions, the drawing of the resource repertanyd the
nucleus of the first national association of ecdnscists.
The aim of EDEN Il and Il is to draw the repertooy
some new fields of using Econophysics and other
multidisciplinary slutions, which can be reorderaldng
the classical coordinates of Econophysics, but alsag
the new coordinates of Sociophysics, also intendimg
detail the evolution of the econophysical modeleady
turned classical, too. The detailed presentationthef
applied researches of Econophysics on modelling
uncertainty in economy, on decision in today's #jec
uncertainty context, of interest conflicts, in imtational

and

EDEN Il
2009, 2" of March,
University of Pitesti

& EDEN I
2010, 18" of July,
University of Pitesti

academic mobilities, or in the didactic procesgsscHic
to this new discipline, continues with drawing pegory
of the resources, and, concretely, by founding fitst
association of the econophysicists in Romania, el as
the papers’ presentation of the new RCAM &
Econophysics Journal (online).
Detailed presentation of workshop’s research themes

The neologizing of the term Econophysics by Rosario
Mantegna and H. Eugene Stanley, during the second
Statphys-Kolkata Conference in 1995, represents the
official document of Econophysics, born as a new,
interdisciplinary, multidisciplinary and transdigtihary
science. Physics has probably had a dominatingtedie
the development of formal economic theory; howetlee,
historical interdisciplinarity between physics and
economics, established through Econophysics, seenys
likely to be a model for the future of the multicijginary
sciences. Transdisciplinarity suggests a deepdhasis of
approaches and ideas from the two main disciplines
involved in Econophysics, during a short or medium
period of time. The same importance must be gieeallt
interactions between economics and physics, and als
between the two types of scientific researchers and
demographers, sociologists, mathematicians, litigsis
etc. The periodical meeting of such a multidisciaty
group capable, at first, of constituting the iditiacleus of
a potential association of the Romanian econoplsgsic
will be done in the coming years, too, more exteglgi
during the annual workshop (EDEN II,1I1,1V), to wdfi
will be added, starting with 2009, a national coefee
with international participation, which would belakto
develop both the academic scientific research, ted
curricula of a number of multidisciplinary MA
programmes, primarily oriented towards the gradhgati
physicists and economists. All these aspects reptes
necessary detailing of the initial thematic preagoh, as
well as a welcome prologue before the presentatfahe
historical evolution of contemporary Econophysite
contemporary stage of development and especially th
dynamics of Econophysics, are really exceptionain&
historical opinions about it maintain that statati
mechanics or physics was developed in the secaifdha
the 19th century by James Clerk Maxwell, Ludwig
Boltzmann, and Josiah Willard Gibbs, but otherseatv
that the role of physics models as foundations tfe
standard neoclassical model that current econopibisi
seek to displace is much older than two centuthespest
arguments being N.F. Canard’s 1801 work, where Isupp
and demand were ontologically presented as coutiagi
physical forces, or central concept of general ldgiim
theory in economics, in which its author, Léon Vdajr
was deeply influenced by the physicist Louis Pdinaad
mostly because the father of American mathematical



economics, the well-known statistician Irving Fisheas

a student of the father of statistical mechanics)enelse
but Josiah Willard Gibbs. But all of these histalic
opinions agree unanimously that the primordial soit
statistical mechanics approach date back to 193@nw
Majorana wrote a pioneering paper, published in2184d
entitled Il valore delle leggi statistiche nella fisica ellee
scienze socialiFirst of all, the application of concepts as
power-law distributions, correlations, scaling,
unpredictable time series and random processes to
financial markets was possible only after physicisave
achieved important results in statistical mechardce to
other significant statistical investigations andtimesnatical
formalizations. The oldest example of an adeqlateor
mathematical distribution to the wealth of individsi in a
stable economy belongs to the Italian economist and
statistician Vilfredo Pareto. Secondly, the progres the
financial mathematics realized by Louis Bachelierhis
doctoral thesis entitledThéorie de la speculation
published in 1900, which quantifies the probabilay
price changes and the differences of the logarittohs
prices that are distributed in a Gaussian manmet,tlus

is an anticipation of Albert Einstein’s or Norb&xiener’s
researches. Three major events underline the évolof
econophysics, first in 1973, with the appearanceaof
rational option-pricing formula, such as Black &8s’
formula, then after 1980, the huge amount of eteitally
stored financial data readily available, and fipalince the
1990s, a growing number of physicists have attedhpie
analyze and model financial markets and, more gélger
economic systems, new interdisciplinary journalsreha
been published, new conferences have been orgasiadd
a lot of new potentially scientific fields, aredlsemes and
applications have been identified by this new trans
disciplinary science. The researches of econopsydsal
with the distributions of returns in financial matg, the
time correlation of a financial series, the anadsgand
differences between price dynamics in a financiafkat
and physical processes as turbulence or ecological
systems, the distribution of economic stocks armivtn
rate variations, the distribution of firm sizes agwth
rates, the distribution of city sizes, the disttibo of
scientific discoveries, the presence of a highéepr
correlation in price changes motivated by the
reconsideration of some beliefs, the distributibincome
and wealth, the studies of the income distributibrfirms
and studies of the statistical properties of thgiowth
rates. The new real characteristics of Econophyisica
medium and long term will be a result of its neweaarch
like rural-urban migration, growth of cities, efthe real
criticism of econophysics is the absence of agéabka,
because models of Econophysics consider immortaitag
who live forever, like atoms, in spite of the eumn of
income and wealth as functions of age, that argiexuin
economics using the so-called overlapping-generatio
models (Paul Anglin). The first econophysics models
published by physicists in a physics journal wérese of
Mantegna (1991) and Takayasu (1992), though degdlop
a few years earlier. Even a Monte Carlo simulaidra
market was published as early as 1964 by Stigtem fthe
Chicago economics school. Nobel laureate of Ecoegmi
Markowitz H.M. published, too, with Kim a model ftre

1987, about the crash on Wall Street. After the @80,
econophysics has matured enough to allow genedalize
applications, their field being called sometimesres
engineering. We believe that the second workshogNeD

Il is a welcome resuming of EDEN |, which was
conducted in good felicituosly, as well (as cansben on

the site of the centre for research in advancecemadd of

the University in Pitgti (http://www.upit.ro/ccma/), from
the own resources of the moderators and organizers
(Gheorghe 8v0iu and lon lorga—Si#m), or supported by
the keyspeakers, using the academic spaces arnuhesnti

of the University in Pitgi (the moderators and organizers
acknowledge to the leading staff of the University
Pitesti for their accommodation support). EDEN II's main
aim is to draw the repertory of some new fieldausiing
econophysics, which can be reordered along thesichls
coordinates of econophysics, but also along the new
coordinates of sociophysics, also intending to itl¢te
evolution of the econophysics models already turned
classical, but also along the new coordinates din
physics or the physics of the price indexes (alde t
measure both inflation, and the specialized stoctange
evolutions), of demographysics, or through econsjasy
prognosis, a sub domain that combines a better time
projection of phenomena, much better calibrated
extrapolations and interpolations in the economic,
demographical, crime-related, electoral, etc. woilthe
workshop also materializes in its presentationspuh
those invited holding the quality of keyspeaker,otw
practical approaches of econophysics resulting from
applying statistical physics, in an original manaad with
very interesting results, to the field of financiramd
accreditation of a number of academic and research
institutions. The special potentiality of econopghgswill

thus be able to reveal to the rest of the peoplkieid,
more especially to those belonging to the academiieus

and the disciplines related to management, stistnd
finance-banking, to bank managers, mathematicians,
physicists, linguists, etc. Its innovative and ailve
character is also evinced by the careful repertivayving
of the principal applications of econophysics, saisated
in the papers that are to be published and preseiueng
the international conferences and symposia,
moreover, through the investigation, in the latteff of
the workshop, of the part played by econophysing, its
main potential fields of application. In order t@anage a
good collaborative work by economists and physicidte
workshop presents, in its second part, some of the
differences existing at present between economicd a
physics in their own scientific research work, laiso
between economists and physicists. Since econdp$yis
was officially born, Romanian scientific researchir this
multidisciplinary field have published a lot of imgant
papers. Among these pioneers one must necessarily
mention Adrian Digulescu, Radu Cileag, Mircea
Bulinski, Carmen Costea, Mircea Gligor, Margarejadt,

etc. Since 2003, when the first book entitletbnophysics
was published, in Romania, by Mircea Gligor and
Margareta Ignat, followed four years later westment
Econophysics written by Anca Gheorghiu and lon
Spinulescu, and up to now, a few round tables atallse
workshops have been dedicated to econophysicsiding)

and,



even summer schools of econophysics and complexity
its 3 edition was held in 2007. The above facts trigher
need for the workshop EDEN Il to invite some well-
known engineers, IT specialists and econophysjcista
European and international leveds key-speakers (H.
Schjeer-Jacobsen, Wolfgang  Ecker-Lala, Aretina-
Magdalena David-Pearson), and to continue a prookss
repertory-drawing for the internal resources, araking
up the nucleus of the first Romanian associatiorthef
econophysicists, followed by at least two otherksbops,
and annual conferences or symposia, which will
consolidate the young school of Romanian econophysi
(the first ones, EDEN | and I, have already taldace)
the third workshop, EDEN IIl, we hope will take ptaand
be honoured by the participation of the represamsitof
the Belgian school led by Professor Marcel Auslbssice
the invitation addressed to Professor Mircea Glifjom
Romania, who has been part of professor Auslossim
and the fourth edition, EDEN 1V, aims at ensurirng t
participation of the representatives of the schaobl
econophysics in Boston, including the Romanian @dri
Dragulescu, whence the invitation to the Romanian
researcher Constantin Andronache from Boston. The
young econophysicists will grow up within this cexit of
Romanian econophysics, turning to account the ioglat
formed, in the course of time, with schools of inaional
research in the domain, which have already reached
scientific prestige). Debating the role and theeptiil of
econophysics for Romanian scientific research s not
only an opportunity, but also a necessity for ndrma
evolution both teaching and research in physics and
economics. Consequently, the objectives of the slwk
are a brief presentation of the history of econajiy
models and the remarkable evolution of researcthis
inter-, multi-, and trans-disciplinary field, andh ithe
contemporary multiverse of disciplines. An applicat
detailed presentation emphasising its impact orsfieere
of the issues relevant for the decision in educatio
research, banking, finance and administrative turtns,
as well as to continue an inventory-drawing of the
resources, authors, links, institutes and formsaiively
and permanently promoting the new domain in Ronrania
banking, financial, academic and higher education
institutions. All the final round tables and dissiosis
identify differences and resemblances existing rasnt
between economics and physics, in their own sdienti
research work, but also between economists,
mathematicians, informaticians, engineers, staiists,
econometricians, and physicists in this new jobledal
econophysicist.

Estimated outcomes

1. The publication, in a newly created journal Ingvi
this purpose, already namedCAM & Econophysics
Journal of the abstracts of the lectures and presentation
delivered by the key-speakers, as well as the sgethof
the potential domains, and the summarized contefrtise
debates on the round table topic;

2. The integral publication of the papers and dismns
in a book entitledExploratory Domains ofEconophysics.
News(EDEN | & Il );

3. The detailed presentation of an approach to
econophysics and its specific model of analysis of

financing and accrediting a number of institutiomishin
the framework of higher education, available of $ite of
the Research Center for Advanced Materials.

4. The concrete identification of a number of ciéteof
potential demand as far as research of the Romanian
banking market by means of Econophysics is conderne

5. Scheduling and achieving, in 2011, a special
workshop devoted to econophysics (EDEN 1V);

6. Scheduling and achieving an international canrfee,
starting 2012, also devoted to econophysics andttier
aspects of multidisciplinarity (EDEN V).

7. A site of econophysics for permanent and maléeab
dialogues meant to promote the future international
workshops and conferences (http://www.upit.ro/ cma
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Abstract. The present paper tries to describe not only the Pioneer stage of those new domains is hard tondeboth
contemporary relations between economics and phybiat thematically and (especially) methodologically. Festance,
also between many, many other sciences, or monmeatty it is more than difficult to select the first threaithors in
scientific universes, in a so-called “multiversef disciplines sociophysics, although some references point esibedd
in the field of contemporary scientific researcheTidea of a Serge GalamSociophysics: a Personal TestimpnRietrich
multidisciplinarity field, resulting from the reued universes Stauffer Sociophysics Simulations I: Language Competjtion
of Econophysics, Sociophysics, Quantum Physi€aris Arnopoulos fociophysics: Chaos and Cosmos in
Demographysics, sciences of complexity, etc. isoamal Nature and Culturg with a vast list including maybe
consequence of the development of multidisciplisaignces thousands of contemporary authors, in a multidiswpy
during this century and especially in the next ofithe domain that has existed for over two decafies, 9]
definitional issues of this new disciplinary mudtise are Gradually, those multidisciplinary subuniversesinige
detailed against a short historical background ehching themselves into increasingly well shaped universesh as
and researching physics about the Universe. Twaiape the universe of complexity, or the universe of slseences of
examples about multiverse as a synthesis, or aisaunf complexity, or else the universe of fundamentakrsific
universes of multidisciplinarities, are detailedrahgh the research into the theory of neuron networks antbads, etc.
work of two scientific researchers in the fieldnofithematics Beyond these realities, ever more present in theenmo
and informatics field, Serbia’s Petrovitch M. andrRania’s academic and research milieux, the appearance Igscom
Odoblejas., and some important ideas from their papers andsible of a disciplinary universe of contemporagientific
described in the lines of this paper. The spec@alelbpment reasearch. The present article is devoted to itth kAnd
of Econophysics, Sociophysics, Quantum PhysiceinaRia, development. Three questions, whose answers agethié&
and the impact of EDEN 1, Il and lll are the findlemes of Fates’ ones, dominate this completely new procéssthere
this analysis. any similarities between the cosmos physics, astryn

Keywords: Universe, Multiverse, Econophysicsmodern physics and the universe of knowledge iregd®
Sociophysics, Quantum Physics, Quantum Economid#hat happens when two theories fail to match inretical

scientific research. manner within a multidisciplinary domain, or withtnnewly
emerged subuniverse? Can we talk about an identéyit
1. INTRODUCTION even a relative one, between the multiverse of ntifie

Many of the contemporary disciplines have developedsearch and the real cosmic one, revealed by mefns
excessively and quite rapidly, especially in theurdmtary modern physics?
areas located at the interference with other séiedbmains,
thus generating the trans-, inter-, and multidigogpity of 2. ECONOQUANTICS OR QUANTUM ECONOMICS - A
today’s scientific research. Thus, ever more irging sub- RELEVANT EXAMPLE OF A CONTEMPORARY
universes have appeared, where the contributionnef or SCIENTIFIC SUBUNIVERSE
another of the scientific disciplines incorporated The very latest scientific experiments of elemenfaarticle
increasingly hard to delimit; the result is virtiyalh new acceleration describe losses of about one peraenthe
concentrated, densified and coherent manifestat@fn benefit of antimatter. The quantum world, thatled particle-
scientific multidisciplinarity, already become cdasl. wave indetermination in the mechanics of a quartype, in

The name of many of these new intersections isiefflly a similar manner to the coexistence, in the thebnglativity,
extracted from the simple adjoining and fusing @iy of matter and energy, seems much more imbalanced an
recognizable components of the original name of thikely to accelerate thosea imbalances with respecthe
formative sciences: thus, economics and physicse halassical macro-materialism. Now to make a paresighaith
generated econophysics, sociology and physics lgaxen a major economic impact, we are inclined to belithat at
birth to sociophysics, demography and physics hatree back of the economic crisis should stand arnrggne
constituted demographysics, economics and quanhysigs compensation of the future evolution, which we vdolike to
have eventually led to econoquantics or quantunm@&wmics, be as spiritualized — in the sense of quantum physias
etc.[1, 2, 3, 4, 5, 6] possible (so, as close as possible to the partitie,

individual, the economic or public entity, etc.)hél surprise



provided by quantum physics bordering on the ecdoonof quantum physics, and in macro- or micro-economy.
phenomenon and the vast domain of the latter'sieatfiins Fourthly, both Schidinger's cat and the modern firm or
imposes a fitting of the quantum support of thdipi@wave company are faced with hidden avriables, i.e wlih hidden
to the economic processes... or “unnoticed” added value, or the hidden or “umpleand”

This ebcomes ever more significant under theDP. Fifthly, both Schidinger’'s cat and the modern firm or
circumstances of the rapid change in the methodssaring company are, in the neo-Copenhagen interpretatiath
instruments and units or standards employed iruatiah the alive and dead, and also both profit-making andkhagt
general economic result. There is room for quanplnysics (coherent overlapping being, as is generally knoavmere
here to gain recognition, in point of methods arabstraction, and nothing more). Sixthly, both $dimger’s
methodology, for several decades to cofne, 11, 12]The cat and the modern firm or company meet numeroiestsic
materialism of the economic result of the type profoss is universes or (economic, social, etc.) worlds, beieglared
both uncertain (principially quantic), and incontpléits side now alive and profit-making in some of them, novadend
effects are not usually measured, as in the cadeafeclared non-profitable or bankrupt in others. Seventhly amghthly,
bankruptcy of a company, which subsequently leddsugh both Schédinger’s cat and the modern firm or company
the circulation of the labour force, to developimgw small either meet Niels Bohr and physical complementatiging
and medium-sized organizations, proceeding frometiergy saved by the impossibility of giving a completewesto the
incorporated and left unmeasured or evaluated @& fthuestion “what does a correct and complete measmmem
personnel made redundant for limited periods ofej}im consist of?”, or with the “conscience” in a dudkeirpretation,
Another example illustrative for the high degree ofet the neutrality of the interpretation of a diffat
incompleteness of measuring comes from the eduwatioconsciousness (of the physicist Eugen Wigner'siffjesaves
system, not yet recognised as a continuous eneaggfer it eventually. The consciousness interprets theltre® that
between teachers and students, having an unimdgigedat its interpreting the result turns into the intetption of
economic and social impact. another constant (that of quantum physics or that o

The materiality of the macroeconomic result cannetonomics).
obviously escape those influences, being permansittlated  The last of the survival solutions of both Siinger's
also within an unnoticeable area, to a signifieatient (from cat's and the modern firm’s or company’s is repnésg by
5 and 35, possibly even 40%), with refrence to hiddlen the interpretation of idealistic monism (the copssiness
GDP, another undecided form of quantum existence tbfough choosing one of the two opposite statées/ ldeath,
economic matter, between matter and energy, otlatsny or profitability / bankruptcy, collapses the wawmétion, that
between two states, now a particle, now a wave..udllst, is to say the economic energy created by the firm).
we draw a simple analogy between the famous
“Schrédinger’s cat, who manages, according to the quantun8. THE SKETCH OF A CONTEMPORARY
theory, and its specific uncertainty (or indeteragy) to DISCIPLINARY MULTIVERSE
posses no less than nine lives” and the econontity esr We used Sclédinger’s cat, comparing it to the modern
modern company, we come to be able to easily stiegprine company or firm, precisely to emphasize the imgae of
complex, or existenting facets, incompletely reskad in the the researcher’s consciousness within today’'s uséveof
economic spacf3,14] In the paradoxical example ofknowledge, and also the necessity to amplify tlecgsses of
Schidinger’s cat, after it has been for one hour ingacaith development of the new scientific disciplines, combining
a disintegrating radioactive atom (while a coungeticking them into multidisciplinary universes, and, finalbf shaping
and activates a hammer that will break a poisoralphit an original contemporary scientific multiverse, wlnicould
becomes a nearly “coherent” overlapping, i.e. %ealand ¥2 cover both the economic environment, where we pstecto
dead. Any observation will always reveal eitheiviny cat, the the dominant of individual capaitalism andhaf tvirtual”
or a dead cat; similarly, the future of the ecormmorld and firms, created on the internet and multiplied bg trder of
of the quantum company will most certainly become few 10%°or 10>, through products and services, and also thelsocia
decades, the very image of the nine lives thatdaseribed environment (from education to the health servidesm
below. culture to entertainment or leisure activities, etc

Firstly, the existence of the modern firm or compdn In the current scientific research, there exist, noore
commercial enterprise are treated statistically abdiously precisely co-exist many other examples of multigigcarity,
in an incomplete manner, as part of an ensembleh (bor of cooperating scientific disciplines, and the@union
Schidinger’'s cat and the modern firm or company fegkneratesa relatively limited initial universe, atihowever
“offended” through their mere omission, as in tlesulting has a very high potential. If, as we have partially
economic system the sum total of the parts is awagre demosntrated, we combine the methods and methddslog
than the whole, in keeping with the theory of tlygsteams as specific to statistical physics, quantum physick;. aevith
such, and statistical measurement virtually kille ttwo those of amthematics, statistics, informatics, cogy,
elementary particles of the economic phenomenopgychology, biology, etc. in order to decode the
Secondly, both Schdinger's cat and the modern firm ompluridimensional complexity of contemporary (ecorom
company are standard examples of dichotomies ofyjppe social, political, etc.) reality, we delimit a sifjioant
life / death, or profit / loss, and both refuseyield to that pluridisciplinary universe of scientific researchhe ampler
dichotomy, thus trying to survive. Thirdly, bothtsédinger’s the development of that universe gets, the vaguerattual
cat and the modern firm or company are irreversibpossibility of defining it, or even of naming it;ia simple
“fiscalized” in a world of uncertainty of resultaccording to attempt in the case described could be for instditice
the quantum priority of result measuring both ia #hatistics universe statistical and quantum of econo-, so@od
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biophysics”, but even so all the concurrent adjaceminimum simplification through hypotheses”, by stieg
disciplines cannot be covered. If we continually ad that only a few arbitrary elements and significant vhles;
multidisciplinary universe other new universes taat being b) the theory must make predictions, in a Popperian
formed and expanded, such as those of “complexiyf the philosophical sense, concerning the results of fiterre
sciences of complexity”, or the multidisciplinarpiverse of observations of an experiment, the time evoluti@isa
research based on the “theory of neuronal netwarks on process or phenomenon; (the completeness of aythieor
the theory of cords”, we gradually advance into wuweld of validated precisely by this second requirement, aud
the multiverse of scientific research, the vastpscof which Aristotle’s theory, who stated that things are maddour
is comparable to the enormity of the cosmic mutieewhere elements, i.e. water, air, earth and fire, remadnsnere
we exist. From a graphical point of view, the diia can hypothesis, while Newton’s theory concerning thaation
look like the one described below: of bodies with a force in direct proportion witheth mass,
and in reverse proportion to the force, throughidesed
predictions, represents a complete theory).

A multidisciplinary theory develops and at the satinee
relativizes the predictive requirement, supplyirg anly one
alternative, but well-delimited sets of predictiobased on
alternative methods and scenarios, benefiting &y same
“output” parametres (outputs, or impact variablbsniical in
point of level and intensity).

At the same time, the theory of a multidisciplinaniverse
of scientific research adds a new feature to tressital
theory, a feature resulting from its complete \aiion or

The universe of
statistical and quantum
econo-, socio- and bio-

The
universe

The universe centred on invalidation:
of complexity the theory of c) the theory possesses a temporary validityhénsense
sciences networks that it is only a hypothesis about the reality lo¢ tuniverse

and cords which is itself in expansion.

The disciplinary multiverse of today’s scientifiesearch
seems to amplify the requirements of acknowledgamgl
validation of a theory, cyclically considered agpat@nnuated,
and permanently perfectible (a theory can survivly to the
Fig. 1. The disciplinary multiverse of the expargdin  extent to which its predictions are ascertained):

contemporary scientific research d) the theory of any scientific universe becepnia the
multiverse, a particular case of a theory mucheraist point

Very much like the cosmic multiverse, the disciplyy ©Of applicability, not yet discovered or formulateshile the
multiverse of contemporary scientific researchaapace of new theories of the multiverse are inferences, mepdd in
an inimaginable vastness if measured on the sdateman Point of coverage degree and minimized in point of
space-time, a space which is also continuously reipg, Mathematical and logical formulation, of the olcedhies,
permanently generates ever new multidisciplinarivenses, €xtended and selected; this fact is actually ackedged in
restructuring itself like Penelope’s cloth, waitirfgr the the veryprinciple of complementariness physical thought,
synthetically formalizing and multi-exprimental tight Meaning that the old theories are particular licaises of the
validated by Ulysses. new theories (where the limit, for instance in theory of

The multiverse of the disciplines of contemporarigstific general relativity, is the speed of light, and fre theory of
research is a new-born child at the scale of codnsitory, duantum physics — Planck’s constant).
and like any other new-born, is unpredictable srréisponses,  The final goal of scientific research, or even ofeace in
its metabolism, and its inner structure... general, is to provide one only theory (Stephen Kag), to

supply research with a stable support in knowingl an

4. THE SCIENTIFIC MULTIDISCIPLINARY THEORY, anticipating the cosmic multiverse.

AND ITS MATHEMATICAL AND SYNTHETICAL The formalization of a theory, as found currenttydone
LOGICAL FORMALIZATION and primarily communicates in two aspects, i.e. the
A scientific theory is “a model of the universe, ar mathematical and/or the logical one. We have chdsen

restricted part of it, and a set of rules that @minthe Pioneering examples, which can provide light irite matter,
magnitudes in the model to the observations that i order to be able to understand the history, taedendency
researcher makes” [15, 16, 17] in the researchigcproper. that today’'s theory of disciplinary multiverse isting to:
A classical theory in the unidiscip”nary sense taethe that of M. Petrovich’s mathematical formulationﬂ,da)f S
conditions of optimization and adequacy to the Hjwec Odobleja’s logical formulations.
reality, or the object of study of the disciplirikit satisfies at At the turn of the 28 century, M. Petrovitch, professor at
least two requirements: the University in Belgrade, proposes the delimitatdf a new
a) the theory must describe accurately, syntheticajscipline, synthetical through its method, but oals
and correctly a class of much more extended obsenga Multidisciplinary through its study object and apability, a
starting from a “parsimonious”, constructed in kegpwith Nnew branch of natural philosophy, the object / sabmatter

William of Ockham's principle, or the principle othe Of which was to be the study of the mathematical
relationships between causes and effects, disbedden all
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the residue of their specific data, methods anttungents, of mathematics, in grammar, in metaphysics, in cosgylin

the peculiarities which could specifically link #® sociology. The only place they won't look for ipsychology
interconnection with one of another category ofmuveena of thought...”[19]. Consonantics turns into a logical answer,

or processes. The mathematical theory of the empgmtisought and waited-for, within the context of mukiplinary
described in fact various types of phenomena, kadhe developments, and this alternative is not only

domain of the real studies its specific process&sch a multidisciplinary through its origin and essencayt kalso

mathematically formulated law can be defined as: through the method that derives from both its cptioes,

and the experience of its own coming into beinge-rhethod

d7y+ =0 of the multidisciplinary approach and the collahivea links

dx B between sciences.

Odobleja’s consonantics is an attempt to incorgoiatd

and it can represent a synthesis of several disefplor re-examine the main lines of scientific researirted that had

multidiscdiplinary universes: previously been examined in an isolated mannerpraw

- the absorption of an ionizing radiation of intepsit, the first significant “crossroads” of the larger joréty of the

when passing through a homogeneous medium of tbagkr sciences, and drawing closer scientific dlSCIp'Im used to

(the law of radiation absorption); be virtually disjoined: mathematics, physics, tembgy —
- the variation of barometric pressure y accordinghe and, respectively, biology, physiology, psychology,
altitude x (Laplace’s law); linguistics, economics. To conclude, we can asHessSt.

- the cooling of bodies in media at rest (y is th@dobleja reinstates, in both scientific researc #ught,

temperature, and x the time, in keeping with Nevgtdaw);  the preponderance of the method of logic, but withinew
- radioactive disintegration (y is the quantity obstance, context, of a universal and multidisciplinary typ&nother
and x the effective time of the process); additional clarification that Odobleja brings intthe
- the loss of load through evaporation in electrititgded framework of the method of researching a multigibeary

liquids (y is the superficial load density, x tiimeé — Pellat's universe deals with the need for a good classifioat
law); accompanied and marked by the logical formulatiérit®

- the variation of the quantity of a definite compduhat specific system of laws’All our science is made up of

gi’adua”y transforms under the action of anoth@siﬂaﬂ or classes and laws. The latter are the more import'mr'ni; the
biological agent (y is the quantity of transformablibstance, laws that maek the value of any science”.
X is the time, in keeping with the law of monomalkcy

variations); 5. SOME FINAL OUTLINES OF THE MULTIVERSE OF

- the variation of a population that develops with nCONTEMPORARY SCIENTIFIC RESEARCH _
restrictions (y is the number of individuals, xtlse time, In the generalized physics of cosmos, the multevers
according to the laws of demography), etc. appeared in a time point within a black hole, dhlley

The essence of M. Petrovitch’s exceptional synthefptephen Hawking a singularity (in fact, a pointspace-time
thought can be reduced to the finding that, in dimaise of at which the curve of space-time becomes infini&)ch a
scientific research anticipated in its intersectioor of birth probably occurred at the level of the firgbaniverse of
generalized applicability component, as describedsin the @ multidisciplinary type within a space of thematic
present contribution, the multidisciplinary univesscan be methodological and methodical frontier. The expamshen
simultaneously rendered throigh common major latds. characterized both evolutions.

Petrovich anticipated by nearly a century the that, if in  In the physics of the quantum type, space is newgpty,
the known universes there exist phenomena différettieir and each particle automatically has an associatigarticle.
nature, they can be rendered through identical emagitical Similarly, in contemporary scientific research, rthe@re no
models, and the abstract general study of thoskemattical ‘empty spaces” where discoveries come out of ngthor
models (to which we could also specifically add tHelaces not previously searched, be it in a vaguenera.. As
extraction universes: the physical, mathematicaitistical, @ mere illustration, today’s analysis of efficiemirkets is
neuronal biological ones, or those centred on camdd Placed into the spot represented by the E. Famacsochl
networks, psychological and sociological, economitesis, [21], which in turn did not develop withine same
demographic, etc.) can be conducted (a model specithe empty space, but in a spce well delimited through L
multiverse, extracted from the universes of scfienti Bachelieras contribution. [22]

research). In the theory of general relativity, any negativertle is

Odobleja manages to anticipate, through his lolyicapttracted into the “Black Hole”, whereas in the afye of
formulating the so-called consonantist thought teeoaspect quantum physics the positive particle attracted the balck
of the potentiality of today’s multivers€onsonantics, or the hole emits Hawking radiation (v. Stephen Hawkinggry
product of thinking a new logic ofresonance or dhuch as the old theories of knowledge are virtually
consonance, is a manner of reuniting logic and pejagy, Swallowed within the braoder context of the new dawe.
both with physiology, and then of those three talogrether only part of them generate the necessary formabasonant
with physics, and further on, with technolof8]. Logic, €nergy also for the furutre researches.
prior to consonantist psychology, Odobleja wouldy,sa The explosion inside the “Black Hole” gives rigesoups
seemed completely disorientetLogic has lost the guiding Of particles, in modern physics, very much as thasion of
thread, and can no longer find it. Untiredly, logins ar the borderline interdisciplinary space generatesw ne

seeking for it everywhere: in algebra, in superiofultidisciplinary domains, new methods, new methogies
of scientific research. Any multidisciplinary unige is fused
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into the multiverse of research to gradually expaciéntific
knowledge within the multiverse of all the discipb.

In the general theoretical physics, the theory ehegal
relativits by no means fits the theory of quantumysics, and
their comprehensive reunion becomes possible amlyhe
multiverse, in a theory of “the whole”, similar toe common
message conveyed by Peter (the peasant, or theienged
pragmatician) and Paul (the intellectual, or theptheorist),
finally detectable in Christianity, or faith.

Any multidisciplinary universe, once made up, enter
process of expansion, and in a parallel movemenpracess
of dramatic decrease in gravitation (in the physigaverse)
or of coherence (in the universe of scientific egsh) takes
place.

Gravitation prevents the universe from collapsimgsitie
itself” and the multiverse from gradually disappegy while
(thematic, methodical and methodological) coherammeurs
towards the survival and expansion, within the esre@anging
limits of the disciplinary multiverse, of scientifresearch.

[7]

(8]
[9]

(10]

(11]

(12]

(13]

6. A FINAL REMARK

The periodical meeting of a multidisciplinary grou
teachers, academic professors and researchersbleapél4]
during the two workshops EDEN | and Il, of makirgaufirst
significant nucleus of an academic orientation ianfania
towards the new scientific universes of thé 2&ntury (from
the universe of “statistical and quantum econoeicsoand
bio-physics” to that of the “sciences of compleXityr to that
centred on the theory of the “networks and corést,), has [15]
resulted in several potentially significant outcamehe
expansion of the latter is directed, as part of thext
workshop, EDEN lll, towards the academic scientifif16]
research in Serbia, India and, especially, the iBelgchool
headed and inspired by Professor Marcel Auslossat TH17]
expansion, but from contradicting, confirms the eah

expansion of the multidisciplinary universes in agd [18]
disciplinary multiverse.
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Abstract: This paper deals with cost and profit analysis ofoa- Abromovitz and Stegun [1] have introduced the
empty M /M /1/ N queuing system. A total cost function and totflindamental concepts on cost analysis of variousuiqg
profit function are constructed and optimized witspect to both models. Gross and Harris [2] have made an attempt o
arrival and service parameters by using a fast (Em_ging Newton- transient solution ofM /M /1/N queue, but the problem
Raphson's (abbreviated as N-R) method. The totaimap cost and a4ioys when the restriction on waiting capacityétaxed.
profit of the model are computed by solving a sjst# two non- Tarabia [10] has introduced an alternative simglpraach,

linear equations which are obtained by applying woyatiity .
conditions on the total cost function. Results tabled and also based on Laplace transform technique, to the stafly

presented graphically to better realize the perfante of the system transient behavior of non-emptyl /M /1/N queue. He has

in different working conditions. shown that the measures of effectiveness sucheafirsh and
Keywords: Cost analysis, profit analysis, total optimal ptofi second order moments of the queue length can bty eas
optimal arrival rate, optimal service rate. obtained in an elegant closed form. But he madattempt to
analyze the cost and profit of the model as verparant
1. INTRODUCTION aspects of the queuing system.

The non-emptyM /M /1/N queuing model is mostly  Takacs [9] obtained the transient solution for
applied in the field of inventory management, prithn /M /1/N queuing system using eigen-vectors and eigen-
management, computer and telecommunications, dte. {alues technique. Mishra and Pal [14] have intredu@
performance measures of the model can predict t&nputational approach toM /M /1/N  interdependent
efficiency, applicability, and quality of operatirgystem of ,0,ing system with controllable arrival rate. Tdnputer
the non-emptyM /M /1/ N queuing model. The applicabilitycoding in C programming language on the basis grithm
of the model depends on the total expected cospasfit of hayve been developed to efficiently carry out thaleation of
the system. The performance measures of the mastebe performance measures of the model. They have pesbéime
easily evaluated by using standard results. But rf@n gensitivity analysis for the model in order to makenore
problem is to optimize these measures in such athatythe efficient and applicable. Pern et al. [15] have sidered the
total expected cost and profit of.the system a@mp wit_h management policy of arM /G/1 queue with a single
respect to the parameters, arrival and services.rat@is removable and non-reliable server. They appliecfinient
problem can be solved only by using a powerfulmpation nat |ab programmer to calculate optimal thresholfi o
technique with the help of computer and its scinti management policy and some system characteristics.
programming language. Till now, no serious attehgs been Ke [16] has studied the control policy of the policy

made in this direction. . . M /G/1 queue with server vacation, start up, and
Sha_rma and Tarabia [6] obtf';uned the wransient staie,udowns where arrivals form a Poisson process an
probabilities for M/M /1/N queuing system whence allseryice times are generally distributed. He devedoipe total
particular cases concerning infinite waiting spanel steady- expected cost function per unit time to determires dptimal
state solutions can be derived straight away. Saaamd threshold ofN at a minimum cost. Mishra and Yadav [12]
Gupta [7] discussed the transient behavior of teug length analyzed the cost and profit fovl /E, /1 queuing model
of M/M/1/N queue using Chebych_e_v_s polynomial. The%ith removable service station under N-policy andady
expressed the transient state probabilities ofsyfaem free gq0 ¢ongitions. They introduced the notion oéltoevenue

LrorghBessel’és function which later led to the mamnethod to find the total profit of the system with respézttotal cost
y Sharma [8]. of the system.

Zhang et al. [5] developed a cost model fdr/M /1/N Tarabia [11] obtained a new and simple series flomthe
queuing system with balking, reneging, and sengrUONS yansjent state probabilities for non-emptyl /M /1/ o

g_nd detzrrtnmed th_e OdF’“m"?" serv(;cel rate. ITaham§$ ihueuing model. He has shown that the coefficientshis
ISCUSSEd WO queulng decision Models namely, pmad®n o o satisfy iterative recurrence relations. Xale[17] have

level model and a cost model. Both models recogtiiee . . ; .
higher service levels reduce the waiting time ia Hystem. discussed arM M /1. queue W'th. single working vacation
and set-up times using quasi birth and death psoessl

He discussed the two conflicting costs viz. sendost and matrix-aeometric  solution method. Thev  derived  the
waiting cost and established a cost model. Mishh adav distribu%ions for the stationar ueuellen thyarait' fime
[13] made an attempt on cost and profit analysisiofle . ya 9 "o

of a customer in the system.

server Markovian queuing system with two prioritgsses. In this paper. we obtain various performance messaf
They constructed the functions of total expectedst,co IS paper, w N various p o
revenue, and profit of the system and optimizedsghdN€ Non-emptyM /M /1/N queue by programming in C++.

functions with respect to service rates of lowed dnigher We construct a total cost function and total prafitction of
priority classes. the model and apply two-variable version of N-R moelt to
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obtain the optimal values of arrival raté and optimal dX ay

service rate u which optimize the total cost and profit Cly +C2{y6,u aﬂ}:o ()
functions. With optimal arrival and service ratethe ax Ox Oy dy

performance measures like optimal expected number Now, to find — ,and—= we proceed as follows:
customers in the system and optimal waiting timethia 0" ou’ o) Op

system are obtained. Finally, the numerical vakarestabled § N+1 P N+2

and also presented in graphs to better understied t Sincex = ;— N+1)( J +N(Zj ,

performance, applicability, and cost and profitelewof the H
model + +
) 1N N
y={1-—-|— +| = therefore,
2. COST ANALYSIS OF THE MODEL uo\u Y7,
The total cost function for this model is given by, " e
T =Cu+C,L 1 *
c =G+ Cols _ W ox_ 3y (n+a[ A an(n+2) A ®)
where, T is the total cost of the systerg, is the service oA u U U
cost per customer per unit timeg, is waiting cost per N N+1:
customer per unit time,o is the traffic intensity of the ﬂ:i[_l_(N +1)(i] +(N +2)(i] (9)
system, andL, is the expected number of customers in the 04 u H H ]
system which is as given by Tarabia (2001), 5 N N-+1T
X A1l A A
(1_ )(1_ N+1) if A£u H |
- if A=u N N-+1]
2 LA (—ijl ~1-(N +1)(ij +(N+ 2)(ij
(2) ou H)H U U
Where N is the capacity of the system. (1i)
Therefore, from (1) and (2) r\\?ﬁ haveN+2 From (8) and (10) we see that
—cu+c, o= (N+1)o™ + Np™2] ox _(_ A)ox it
1- N+1 N+2) Q
( p-—p " tp a,u ,u oA
A A N+1 y N+2 From (9) and (11), we observe that
‘(N+1)(] +N(J oy _(_A)ay
H H H —= (——]— (13)
=Cu+GC, ) T ou U ) 0A
A (A A ox 0y
1-—-|— +H— Let W=W(A, y)=y—=-x—2 and
H U H 0/ 041
ox 0y
N+ N+2 U=U(}, g)=Cy*+C {y—— —}
Let x= i—(N +1) (ij + N(ij ,and ! Tou “ou
H H H Therefore from (6) and (7), we have
PR I W(A, #)=0 andU (A, u)=0 (14)
y= 1———(—J +(—j The set of equations (14) represents a system ofnwn-
H \H H linear equations in two variabled and u. We solve this
Therefore, system by applying a two variable version of N-Rimod, as
Tc =Cu+C,x/y (3) discussed by Chapra and Canale [3], and the solafidhis
Differentiating (3) partially, with respect td and z, we get System will give critical poirffl, 77). According to this
ax dy method,
91 Tax oW, oW oW _
TR @ o ou |, M
ayx ay A(Jacobiah= 0, o oo |82 =| )
or_9y =, -, Vi
T y 6,u 0,1.1 oA ou ou 04

=C, +C, ®)

v A = A —% and L4, = 4, _T where (A, , ,ui) is the

For critical point(X, ), we must have% 9e _o . initial guess for (14)W =W(A , 1)
Therefore,
oX 0y
22 _x%-p 6
ya/\ Xa/l ©)
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U =0k ) oW (oW oW _(ow Now, we shall find second order partial derivatio@sT
I NV Y I WYY (A_’ﬂ_)' u \ou . )' appeared inl) and(I1). Differentiating equations (4) and (5)
U, (U ou, (U partially with respect tol and u , we get
— == , and — . Therefore, we 2 2
a4 s o\ ou 9°x_ 0%y 0y} 0x_ 0y
(A u4) (A .u) 2 Yo7 —X
0°Te _ N2 9> _ 04704 04
oW oW du ou =C,
need to find——-, —, —- ,and—. A? y? y®
0A " ou’ aA ou
Now, L
2 2 0°x 9%y L0y [ 0x_ 0
ow = rx_ X—a y (15 .2 2 2 y{y y}
04 % A 0°Te _ | ou op?  ou ou 6/1
2 T2 2 3
SR WIS
ou \A)|Tou Toul \a)|T a2 T op? L
Usin 12 and 13 in 4), we et
U oy 92x 62y g (@12 jond 13) 4 g
=20y 4Gyl y g X (17) y X 0¥
ou ou ou?  ou 0T ¢ (_ﬁj ou a,u
2 sy (%22 we
041 A 041 04
H Therefore from (5), we hang—C =C, (—ﬁj (&—QJ
oA 0% x 62y 18) 04 A)\ ou
2w or on 0°Te {_1)(0% _c ]J{_EJGZTC
From (15), (16), (17), and (18), we require audA A)log ) ou?

%x 0%y 9%x a2y Using (12) and (13) in (5), we get
2 2 2 2
a2 a2 ou ou Jox_ oy
Therefore, differentiating (8), (9), (10), and (&) follows: &2C1+C2(—ija/]—za/]
a2 x N N op H y
= =[-N(N+1P S+ N(N+D)(N +2) S
ox° u u JT, A)aT,
52 N N Therefore from (4), we havea—C =C, + (——ja—;
9 Y ol N(N+D) 2L +(N+2)(N +1)-2— H H
0/12 N+1 N+2 2
H H T _(_1)0Tc (_A)9°Te
0Adu u) 04 1) 0N
02 X _ /1 5 AN+1 AN+2
P {ZF‘(N +2)(N+1P s N N(N+2)(N+3- "0 | 3 pROFIT ANALYSIS OF THE MODEL
- We now find the total expected pro(lTP) of the system
2 N4l n+2 7 ©OnN the basis of the total revenue earned by theesysn
0%y _ —21—(N +)(N+2) +(N+2)(N+3) A rendering its service to the customers.
ou? s N sl Suppose thatR is the earned revenue for providing the

The total cost functio will be optimum at the critical

service to each customer then total expected r«a/éfw) of
the system is given byl; = RL,. From (1), total cost of the
system isT. =C i+ C,L,. Therefore total expected profit of

R PR L the system will be
) A2 dAdu 9°T
point (/1 \ ,u) if (1) T, 87T, >0, (1) OTZC>0. Tp =Tg - Te =RLs = (C, +C, Ls)=(R-C,)Ls - C,  (19)
oA P

After calculating the optimal arrival and servietes A

and g respectively, we find the performance measures s‘ifstemT_p

The optimal arrival and service rated and 7

respectively optimize the total expected profittioé system
given by (19). We evaluate the total optimal prafft the

and analyze the effect of variations in parameters

the system which are optimal expected number ooousrs it by developing a computing algorithm in C++.
in the systemL, and optimal waiting time in the systeW

by applying Little’s law, which states that —AWS and
computer programming in C++,
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4.SENSITIVITY ANALYSIS OF THE MODEL
A computing algorithm in C++ is developed to congut

the optimal arrival and service ratdls and 77 respectively
which optimize the total cosT. of the system and total
expected profitT, of the system which are given by (1) and
(19) respectively. The performance measures ofsistem
Liand W, are also computed with the help of computing

algorithm. The changes in these performance measdrine
system with respect to variations in the parametaiing
cost, service cost, and capacity of the systempatied in
various tables.

The outcomes are also presented in graphs toiexhéb
correlation between these parameters and perfornang

—e— Optimal expected no. of customers in the system —s— Total optimal cost
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80 1

60
40
09—o—0—0+—0+—+—+—0—+—0¢—+—

0 T T T T T T T T T T 1
3 8 9 10 11 12 13 14

Service cost

measures. Observations are drawn on the basis istingx
tables and graphs to better realize the efficieranyd
performance of the system in different circumstance

Fig. 1.2: Service Cost vs. Total Optimal Cost

Table no 2: Waiting Cost vs. various Performance

. . Measures
Table no 1: Service Cost vs. various Performancasves N =40, C, = 300
N =40, C, = 380 — — —
- — — — ] (C) ) @ L] w| )
() (4) A Ls We = 3.80 3.86 391 182 472 8091
300 | 386] 391 182 472 8091748 388 | 393 182 469 9922
4.00 384 389 182 474 84717 5gp 3.90 3.9 182 467  117.55
500 | 382] 387 182 476 8846538 391 | 396 182 465 13584
600 | 3.8l 38§ 18% 478 92267780 392 | 397 182 464 15413
7.00 380] 383 182 479 96.037 g3go 3.93 3909 182 463  172.43
8.00 380) 384 18 487 1011747935 3.94 399 182 462  190.75
900 | 380] 384 185 487 1050179080] 394 | 4.0 179 454 20529
1000] 3.79) 383 18» 48 108F3 7780 395| 400 182 461 22781
1100 3.78) 384 185 48 1124471580 395| 401 179 453 24108
1200] 3.78) 3.83 18p 4.8 11626 1330 3.96 402 179 452 25900
13001 3.77) 384 182 4.8 11806879480 396 | 402 179 452 27710
1400 3.77| 3.8] 1802 491 1237
—e—Optimal amival rate —s— Optimal senice rate
—e— Optimal arrival rate —a— Optimal senice rate 4 Optimal waiting time in the system
—— Optimal waiting time in the system
4,05 4.75
3.9 495 _ 4 e
g5, % ¥ oof =830 485 S5
=8 =2 z< 4“6 27
E ; 3.85 4.8 ; $ E_g 39 15 ==
< o = = © = =
S as 2;5 5t S5 15 £5
E3 . "gcu = 38 445 ©E
= 2375 £ S =
S 485 © = 375 44
46 38 48 58 68 7.8 88 9.8 108 11.8 128 138 148
3 4 5 6 7 8 9 10 11 12 13 14 Waiting cost
Service cost
Fig. 2.1: Waiting Cost vs. Optimal Waiting Timethre

Fig. 1.1: Service Cost vs. Optimal Waiting Timetlie
System
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—e— Optimal expected no. of customers in the system —s— Total optimal cost
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—e— Optimal expected no. of customers in the system —s— Total optimal cost
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Fig. 2.2: Waiting Cost vs. Total Optimal Cost

Table no 3: Capacity of the System vs. various
Performance Measures

C, = 300, C, = 380

N 1) (#) L W, (T_c)

40 3.86 391 182 472 8001
44 3.42 3.46 200 46D  865p
48 3.21 325 215 467 916D
52 3.09 312 2371 465 9961
56 3.00 3.04 244 46k  102.02
60 2.94 298 259 468  107.20
64 2.90 293 284 46p  116.43
68 2.86 2.89 299 458 12228
72 2.83 2.86 314 461  127.16
76 2.80 2.84 311 458 126.81
80 2.76 2820 288 45p  117.90
84 2.76 2.80 335  45p 13590

—e—Optimal arrival rate

—a— Optimal senice rate

—— Optimal waiting time in the system

5

Now

service rates

[N

Optimal arrival and

0\ T T T T T T T T T T
40 44 48 52 56 60 64 68 72 76 80 84

Capacity of the system

Fig. 3.1: Capacity of the System vs. Optimal Wajtirime
in the System
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Fig. 3.2: Capacity of the System vs. Total OptiQakt

Table no 4: Service Cost vs. Total Optimal Profit
N =45C, =325

© | @) @ | ()

6.50 4.32 3.88 768.98
7.50 4.32 3.88 765.0b
8.50 4.32 3.88 761.1y
9.50 4.32 3.88 757.2D
10.50 4.32 3.88 753.411
11.50 4.32 3.88 749.53
12.50 4.32 3.88 745.65
13.50 4.32 3.88 741.717
14.50 4.32 3.88 737.89
15.50 4.32 3.88 734.01
16.50 4.32 3.88 730.18
17.50 4.32 3.88 726.25
18.50 4.32 3.88 722.3/7
19.50 4.32 3.88 718.49

—e—Optimal arrival rate —s— Optimal service rate —a— Total Optimal Profit

4.4 - 780
= 43 —0—0—0—0—0—0—¢—0—0 ¢4 770 -
=241 =2
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e P ]
-gw 3.8 + 710 g
o 371 + 700 —
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Service cost

Fig. 4: Service Cost vs. Total Optimal Profit




Table no 5: Waiting Cost vs. Total Optimal Profit
N =45, C, = 650

(C) ) (A) ()

4.50 4.32 384 723.20
5.50 4.32 384 686.78
6.50 4.32 384 65027
7.50 4.32 384 613.75
8.50 4.32 384 577.24
9.50 4.32 384 540.78
10.50 4.32 384 504.2p
1150 4.32 389  467.7D
1250 4.32 389 4311
1350 4.32 389  394.68
1450 4.32 389 3581
15.50 4.32 389  321.6b
16.50 4.32 384  285.14
17.50 4.32 389 24863

4.4
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1
[e]
o
o

Optimal arrival and
service rates

—+ t t t T
w b~ O o
o O O O O
o O O o o

A
r 200
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—e—Optimal arrival rate —s— Optimal senvice rate —a— Total optimal profit

Total optimal profit

Fig.5: Waiting Cost vs. Total Optimal Profit

Table no 6: Capacity of the System vs. Total OpttiRrafit
C, = 650,C, = 350

N %) @ | (%)

45 4.32 3.88 759.81
50 4.32 3.88 864.79
55 4.32 3.88 970.63
60 4.32 3.88 1077.06
65 4.32 3.88 1183.817
70 4.32 3.88 1290.98
75 4.32 3.88 1398.16
80 4.32 3.87 1510.18
85 4.32 3.87 1617.59
90 4.32 3.87 1725.08
95 4.32 3.87 1832.50
100 4.32 3.87 1939.98
105 4.32 3.87 2047.4b
110 4.32 3.87 2154.96

—e—Optimal arrival rate —s— Optimal senvice rate —— Total optimal profit
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Fig. 6: Capacity of the System vs. Total Optimadfier

Table no 7: Earned Revenue vs. Total Optimal Profit
R NT @] & @)
20.00 75 6.50 3.50 1070.7
22.00 75 6.50 3.50 1203.5
24.00 75 6.50 3.50 1336.4
26.00 75 6.50 3.50 1469.2
28.00 75 6.50 3.50 1602.0
30.00 75 6.50 3.50 1734.9
32.00 75 6.50 3.50 1867.7

34.00 75 6.50 3.50 2000.5

D
D
D
D
D
D

36.00 75 6.50 3.5 2133.4
38.00 75 6.50 3.5 2266.7
40.00 75 6.50 3.5 2399.0
42.00 75 6.50 3.5 2531.9
44.00 75 6.50 3.5 2664.7
46.00 75 6.50 3.5 2797.6

O~NWOONOUUNOWOU RF NN

—a— Total optimal profit

=200 1

Total optimal
PN
o [$a)
o o
o o

500

0 T T T T 1
0 10 20 30 40 50

Earned revenue

Fig. 7: Earned Revenue vs. Total Optimal Profit

Observations: In Figure 1.1, we observe that the optimal

arrival and service rates decrease very slowly dpttmal
waiting time in the system shows increasing trenith w
fluctuations as service cost increases. Therefereice cost
and optimal waiting time in the system are in pusit
correlation. In Figure 1.2 we see that total optiowst of the
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system increases as service cost increases. Inafamiit important performance measures of the system. prdiglem
16.6% increase in service cost causes approx. fitPéase has good deal of potential to the applicationsarious fields

in the total optimal cost of the system. Thus sendost and including
telecommunications, production management etc.

total optimal cost of the system are in positiverelation.
The optimal expected number of customers in thdesys

inventory  management, computer  and

remains constant as service cost increases.Ind-igudr, we 6. REFERENCES

see that the optimal arrival and service rates em®e
gradually as waiting cost increases. The optimatimgatime [1]
in the system shows decreasing trend with fluobumstin the

end as waiting cost increases. Thus waiting codtagiimal [2]
waiting time in the system are in negative coriefat In
Figure 2.2, we observe that the total optimal ooistthe [3]
system increases as waiting cost increases. Areaser of
17.2% (approx.) in waiting cost results about 15i6&sease [4]
in the total optimal cost of the system. Thus waitcost and
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MAPPING MACROECONOMIC TIME SERIES INTO
WEIGHTED NETWORKS
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Abstract. The correlations between GDP/capita
growth rates of 27 European countries are scanned i
various moving time window sizes. The square awstag
correlation coefficients are taken as the link veggfor a
network having the countries as vertices. The nétwo
average degree and the weight set variance aredidan
be monotonic functions on the time window size. The
statistics of the weight distributions as well aset
adjacency matrix eigensystem are discussed. A new
measure of the so called country overlapping ispps®d
and applied to the network. The ties and clusteeshaetter
emphasized through a threshold analysis. The derive
clustering structure is found to confirm intuitiver
empirical aspects, like the convergence clubshiae a
remarkable consistency with the results reportedtha
actual economic literature.

Keywords: fluctuations, correlations, network, clusters

PACS numbers: 89.65.Gh, 89.75.Fb, 05.45.Tp

1. INTRODUCTION

Modelling the dependences between  the
macroeconomic (ME) variables has to take into astou
circumstances that differ substantially from those
encountered in the natural sciences. First, exmgeriation
is usually not feasible and is replaced by sunesearch,
implying that the explanatory variables cannot be
manipulated and fixed by the researcher. Second, th
number of possible explanatory variables is oftesiteq
large, unlike the small number of carefully chosen
treatment variables frequently found in the natural
sciences. Third, the ME time series are short amidyn
Most data have a yearly frequency. When social time
series have been produced for a very long perfmtetis
usually strong evidence against stationarity.

Some macroeconomic (ME) indicators are monthly
and/or quarterly registered, increasing in this whg
number of available data points, but some additionse
is naturally enclosed in the time series so geadrat
(seasonal fluctuations, external and internal shange
shocks, etc). This seems to be a solid argumenhéfact
that the main data sources, at least the oney fagallable
on the web, tend only to keep the annual averages/of
growth of the ME indicators.

Let us consider, for example, a time interval of on
hundred years, which is mapped onto a graphicdl qflo
100 data points. From the statistical physics viamp
100 is a quitsmallnumber of data points, surely too small
for speaking about the so called “thermodynamidtlim
On the other hand, from a socio-economic pointiefw
we can justifiably wonder if a growth, say, of 2%amy
ME indicator has at the present time the same mgaa
it had one century ago. One must take into accthat
during that time, the social, politic and economic
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environment was drastically changed. Moreover the
methodology of data collecting and processing w@ayo
different from what it was two generations ago.ded, the
economic world is created by people and is sulisifnt
changing from a generation to another one (somstime
also during one and the same generation). Thus,why

of statistical data aggregation turns to be comrsial.

On the other hand, an increasing interest in ndétwor
analysis has been registered during the last decade
particularly due to its potential unbounded area of
application. Indeed, the inter-disciplinary (orhat trans-
disciplinary) concept of “network” is frequently mia all
scientific research areas, its covering field sjragfirom
the computer science to the medicine and social
psychology. Moreover it proves to be a reliabledfei
between the natural and social sciences, so thentec
interest in this field is fully justified.

Using the strong methodological arsenal of the
mathematical graph theory, the physicists mainued
on the dynamical evolution of networks,i.e. on the
statistical physics of growing networks. The renadik
extension from the concept of classical random fyfdp
to the one of non-equilibrium growing network [2losvs
for accounting the structural properties of randmmplex
networks in communications, biology, social scienaed
economics [3, 4]. Indeed, the field of the possible
applications seems to be unbounded, it spanning fie
“classical” WWW and Internet structures [5, 6] tonse
more sophisticated social networks of scientific
collaborations [7-9], paper citations [10] or calige
listening habits and music genres [11].

In most approaches, the Euler graph theory legas
preserved, especially as regards to the “Boolehatacter
of links: two vertices can only be either tied at nied,
thus the elements of the so-called adjacency matly
consist of zeros and ones. However, many biological
social networks, and particularly almost all ecoimm
networks, must be characterised different strengths of
the links between vertices. This aspect led tocthecept
of “weighted network” as a natural generalisatidnttee
graph-like approaches. Of course, various ways of
attaching some weights to the edges of a fully ected
network [12-14]. Some ways to relate the weightshi®
correlations between various properties of nodes haen
proposed in the recent literature [15-18].

The correlation coefficientS; between two ME time
series &} and {y}, i, j = 1, ..., N, is calculated in the
present work according to the (Pearson’s) classical
formula:
<Xy >-<x><y; >

@)

C,(tT)=

\/< xi-<x >P><yl-<y, >



EachC; is clearly a function both of the time window
size T and of the initial timei(e. the “position” of the
constant size time window on the scanned time vater
One has to note (or recall) that the correlatioefficients
arenot additive,i.e. an average of correlation coefficients
in a number of samples does not represent an “geera
correlation” in all those samples. In cases whes @eds
to average correlations, ti ‘s first have to be converted
into additive measures. For example, one may sqiire
C; ‘s before averaging, to obtain the so caleefficients
of determination(Cijz) which are additive, or one can
convert theG; ‘s into so-calledrisher zvalues, which are
also additive [19]. The former approach is usedeher
below, so that the average correlations are cakuias:

k+T

~ 1 1/2
C,(m= {;ZCUZ (t)} k=0,1,...N-T, 2
t=k

whereN is the total number of points (the time span),
is the time window size used for the analysis; N — T +
1, andt is a discrete counter variable.

Let us consider that thé agents (countries) which the
ME time series refer to, may be the vertices ofedgimed
network. The weight of the connection betwdeand j
reflects the strength of correlations between #edgents
and can be simply expressed as:

w; (T)=C; (T) (3)
fulfilling the obvious relations: & w; < 1;w; =w; and
w; = 1 fori =j.

One must stress at this point that the link emting
the verticesi and j does not reflect here either an
underlying interaction or a physical/geographicalthp
Instead, the weight; is a measure of the similarity degree
between the ME fluctuations in the two countriebeT
term “fluctuations” refers here to the accountted ainnual
rates of growth of the considered ME indicator.Nekg
are characterized by various parameters. For iocstahe
vertex degree is the total number of vertex coriopst It
may be generalised in a weighted network [13,14] as

M
ki =>w, 4)
=1
J#i
Thus, the average degree in the network is:
1 M M
<k>=r22.W ®)
M = j=1

Another describes the number of triangles in the
network indicating some correlations. In the litere,
there have been several ways to evaluate assertativ
correlations, such as the assortativity coefficient
introduced by Newman [4] that is the Pearson catiah
coefficient of the degrees at either ends of aneedg
Nonetheless, all of them focus on local degreeetations
between two connected nodes. Here below we will
introduce anoverlapping coefficientn order to indicate
some hierarchy in clusters on the network. Yet, fitst
question is to find whether clusters exist. Thi#f e done
through a study of the eigenvalues and eigenvedtoiise
correlation weights matrix defined here above.
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A question of great interest in factor analyssisto
evaluate how many factors can be extracted from the
eigenvalue spectrume. how manycommonfactors are
underlying the correlation matrix. The Kaiser aiie
[20] and the Cattellscree tes{21] are perhaps the most
widely used in this question. According to the ferfmone
can retain only factors with eigenvalues greatanth. In
essence this is like saying that, unless a facttraets at
least as much as the equivalent of one originalkbte,
one has to drop it. The latter test suggests fondime
“place” where the smooth decrease of the eigenvalue
distribution appears to drop significantly befoewdlling
off to the right of the plot. On the left of thisoipt,
presumably, one finds the “factorially significant”
eigenvalues. Both methods were found remarkably
convergent in [22] when the number of common facter
not too large.

The here below investigated ME indicators are th
GDP/capita annual growth rates. Indeed, the GDR&&p
expected to reflect to the largest extent what Aits
called, over two centuries ago, “the wealth of owagi’. In
fact, it is expected to account both for the ecaieom
development and for the people well being. Theefrg
group of countries is composed & = 27 countries
belonging to the European Union in 2008. The caestr
are abbreviated according to The Roots Web Surriashe
(RSL) [23] which uses 3 letters standardized alibtens
to designate countries and other regional locati@igen
the target country group, the World Bank datab2gg is
here used instead of the more refereed to Penndworl
Tables [25] in which some data is missing for salEast-
European countries. In this way, the investigabee tspan
goes from 1993 to 2008.

A general question facing researchers in maegsaof
inquiry is how toorganizeobserved data into meaningful
structures. Having computed the square averaged
correlation coefficients from Eq. 2, i.e. the adjacy
matrix entriesw; in various time window sizes (Eq. 3),
some statistical properties of the;} dataset are analysed
in Section 2. The cumulative distribution functib w;})
and the kurtosi&({w;}) indicate a shift from a Gaussian
distribution (in small size time windows) to a wnih-like
one (in large time window sizes). The variartfe{wij})
and the network average degrek><{from Eg. 5), are
found to display a smooth behaviour when the time
window size increasesr increases roughly linearly while
<k> decreases following an inverse cubic root lawe Th
adjacency matrix eigenvalues spectrum is also etudi
through a time window perspective. The number of
“factorially relevant” eigenvalues is emphasizedheT
problem of the “optimal” time window for ME corrédian
investigations is addressed in Appendix A.The “baste
window size is usually considered to be the one
corresponding to the minimal variance of the output
dataset. However, this criterion is proved not te b
universal. From the Kolmogorov-Smirnov test andha c
square test, we find that a 5-8 years time windew &n
“optimal” size.

From the eigenvectors corresponding to the two
largest eigenvalues, a cluster-like structure ef BU-27
countries is built in Section 3, on the basis o€ th



eigenvector components. The EU-27 network along a
more geographical perspective is also plotted, by
emphasizing the relative importance of the linlesgith
(weight) through a display at different thresholalues.
The threshold values are chosen according to a
significance level derived from theStudent statistic test
applied to the ;] matrix in Appendix B. The clustering
scheme and the network structure are in agreemiht w
results reported in the recent economic literaaigreegards

to “convergence clubs”. In particular, the so-adlle
“Scandinavian”, “Continental”, and “East-European”
clusters are identified, as well as the particplasition of
GBR as the single member of any “Anglo” pattern.

In Section 4 the “clustering” structure of th&27
countries is measured through a parameter indigatn
what extent a country is “connected” to thibole system.
Using some new coefficien®; which takes into account
not only the degreels andk;, but also the numbe¥; of
commonneighbours of andj vertices, whence called the
“overlapping”, we show some hierarchy in countries

A conclusion is drawn in Section 5 emphasizihg t
main gains of mapping the GDP/capita (and possither
ME time series) into the weighted network formalisan
increasing explanatory power, a better intuitive
understanding and the possibility of using some new
analytical tools, in addition to the ones existiimg the
actual economic literature.

2. DATA ANALYSIS

Having built the adjacency matrixvj] (Eq. 3), the
first observation one can make is that its entrées
functions of the time window siZ& from Eq. 2. Thus, the
most important characteristics of the weighted oekw
must be seen as dependingToas well. Consider first the
cumulative distribution function (CDF) of the wetgh-
elements of the adjacency matrix. The cumulative
distribution of the weights is given in Fig. 1 fdifferent
time windows, including the minimal (3 years), the
maximal (16 years) and two intermediate (5 respelti
10 years). It can be readily seen that the CDF eshsap
dramatically changing when the time window size

0,20

changes. For the small size time windows (3 an@drs)

the CDF is close to a Gaussian, while for the laige
windows the CDF approaches the shape expected for a
uniform CDF.

These changes of the distribution shape can lzdso
pointed out through the kurtosiK)(variation with the time
window size (Fig. 2). For the Gaussian distributign= 0,
while for the discrete uniform distribution of data (=
300 here) it can be calculated [19] as:

__6m’+1_ 6 (6)
5m’-1 5
It is found on Fig. 2 that thK value shifts between the
limit Kg andKy, indeed.

Taking into account the above results one may
conclude that the distribution of the adjacency rimat
entriesw; (i > j) becomes flatter and flatter when the time
window size increases, shifting from the Gaussika-|
shape to the uniform-like distribution. Some stadéd
tests are done in Appendix A.
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Fig. 1 The CDF of the weights set} for four different
time window sizes
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Fig. 2 The kurtosis coefficient of the weights set;] versus the time window size. Inset: the doublgalithm of thew;’s
probability density function for 5 years time windasize. The thick line has a +2 slope, correspapdm the Gaussian

distribution.
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Fig. 3 The average degreek>/M and the variance of
the weights setf;} in the EU-27 network versus the time
window size. Variance is normalised to its maxiwvalue.
Inset: «>/M versusT in log-plot for emphasizing the
inverse cubic root law.

The average degree of the EU-27 weighted netigork
plotted in Fig. 3 for all possible time window s$zeith
which the time span 1993-2008 can be scanned. @ne c
see that the decreasing d&<with the time window siz&
is well fitted by a power law: k> ~ 1 /T2

The somewhat unexpected behaviour, i.e., the
monotonic (roughly linear) increase of the variangéh
the time window size can be understood through the
change in CDF shape. A possible explanation of this
behaviour is based on the number of common factors
underlying the correlation coefficients.

As the adjacency matrix of the EU-27 weighted
network is in fact a squared-averaged correlatiatrisof
the GDP/capita growths, it is natural to ask foe th
interpretation of its eigensystem.

The six largest eigenvalues are plotted in Figordefich
possible moving time window size scanning the tapan
1993-2008. As mentioned in the Introduction, thaska
criterion suggests to evaluate the number of common
factors taking into account the eigenvalues having
percent contribution to the total variance at lebM =
1/27 (the continuous horizontal line in Fig. 4)

At first sight one can see that the first eigeneal
contribution to the total variance monotonicallycomses
when the time window size increases, while the rothe
eigenvalues contribution becomes more and more
significant. Moreover, the cumulated contributioh tbe
first two largest eigenvalues decreases from 80%4 fo 3
years, to 64% fol = 16 years. Therefore, for the small
size time windows (3-5 years) two common factory ima
accounted for, while in the largest time windows th
number of common factors increases to six.
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Fig. 4 The six largest eigenvalues (EV) of the adjacency
matrix [w;] for the EU-27 weighted network versus the
moving time window size. The eigenvalues are noized!
the correlation matrix sizeM( = 27), thus the vertical axis
may be read as a fractional contribution to thealtot
variance.

This finding reinforces the results of the premso
subsection on the change in shape of the CDF. Whnen
number of common factors is small, the correlation
coefficients are grouped around the mean valuédjigao
the Gaussian-like distribution shape. On the coptra
when many common factors (economic, social, palitic
are accounted for, the correlations between the/Gdpita
rates of growth tend to cover the whole intervaingen 0
and 1 (in absolute values), and a uniform-likeriistion
emerges.

3. THE CLUSTERED WEIGHTED NETWORK OF
EU-27 COUNTRIES

Since the eigenvectors corresponding to the larges
eigenvalues of the correlation matrix are usuadyeeted
to be those carrying the most useful informationluster-
like structure of the EU-27 countries is built igF5 on
the basis of the structure of the first two eigenoes.

One can easily see (Fig. 5) that a multi-poleucstire
exists: the “Continental” group (l.h.s., up) andeth
“Scandinavian” group (l.h.s., middle) are somewdjpart
from each other. An extreme position is taken byRGB
(r.h.s., down) which appears as the single membany
“Anglo” pattern, since the other OECD representdiof
a (supposed to be) anglo-convergence ctuf, U.S.A,,
Canada and Australia [26, 27]), are missing fromr ou
study. Another interesting aspect pointed out byaian
[27] is also found here, i.e. IRL has a non apmarte to
the “Anglo” cluster, but is rather in the “Scanavian”
group and close to the “Continental” one.



For the first time, i.e. as a complementary additio
previous investigations on the subject, we obseame
emerging East European convergence club (r.h.svnjdo
tying to Scandinavian and Continental group throwagh

HUN - POL line.
clustering as well.

Observe some “Mediterranean”
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First eigenvector component

Fig. 5 The cluster-like structure of the EU-27 countrigmcording to the GDP/capita rates of growth. Thenty
coordinates are the corresponding eigenvector coergs of the EU-27 weighted network adjacency méivj].

The clustering scheme in Fig. 5 is in agreemenh wit
results reported in the recent economic literaassreegards
the so-called “convergence clubs” across the Wester
Europe, i.e. groups of economies that present a
homogeneous pattern and converge towards a common
steady state [26-30]. In particular, in [26] it hheen
showed that Sweden, (Norway) and Denmark, regidtare
similar level of income mobility while in [27] thee
distinct patterns of development and income distiim,
indeed called “Continental”, “Anglo” and “Scandinan”,
have been found by examining a group of 17 OECD
economies during the two decades before 2000. én th
same idea, “a high degree of heterogeneity in peates
for redistribution across four clusters of differerystems
of social protection of OECD countries” namely
Scandinavian, Continental, Anglo-Saxon and
Mediterranean has been reported in [30].
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Finally, the adjacency matrixwj] can be used to plot
the EU-27 network along a more geographical petsfec
The network is, obviously, fully connected,; it isioterest
to observe the relative importance of the link regté
(weights) through a display at different thresheldues.
In the subsequent figures, only the links having th
corresponding weights greater than a certain tltdsh
value,w, are taken into account. This threshold valua is
priori chosen according to a significance level derived
from thet-Student statistic test applied to thv] matrix
(Appendix B). The resulting networks are plotted-igs.
6a, 6b, 6¢ for th@ = 5 years moving time window size.
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Fig. 6 The EU-27 weighted network for three different weithresholds: (ay+=0.49; (b)wy=0.69; (aw=0.81.
Fig. 6a includes all four “convergence clubs” abaliscussed. The single element “Anglo” club is wieblated, as seen
already in Fig. 6b; the “Scandinavian” and “Eastdpean” clusters become isolated for a highestiokl, as seen in Fig. 6c.
It is also remarkable to observe the decreasingbeurof long-range links when going from Fig. 6aFig. 6b and further to
Fig. 6¢c. Even if the actual geographic, investnemd trade inter-country ties are not explicitly sidiered in our study, the
degree of similarity of the country GDP/capiltactuationswell supports the evidence of the so-called “ragiization” [28,
29].

A quantity satisfying all these conditions (#)-can be

defined as:

4. THE COUNTRY OVERLAPPING HIERARCHY

The previous results lead to consider the hibieal or
“clustering” structure of the EU-27 countries. Foe purpose N; (ki +k;)
of describing this aspect we introduce a quantijctvis able O, = ——————
to measure to what extent a country is “connectedthe 2(M ._1)(M -2 _
whole system. The idea, first hereby applied to an-n For a weighted network,Eq.7may be generalised as:
weighted network, is to construct a country hiengraising M
some new coefficien; which takes into account not onlyQ, _—Z(Wn w,) Z o T W,
the degreek; andk;, but also the numbe; of the common 2AM =DM =2) = =
neighbours ofi andj vertices,. This coefficienO; is here
called “overlapping” ofi andj vertices (in spite of the fact
that this term has already been assigned varioaimgs in
the network literature).

Firstly, for a non-weighted network consisting Ml
vertices,O; must satisfy the following properties:

i £]. (7)

i#]. (8)

P¢| a#]

One can easily see that 005 < 1, andO; = 1 only for all
w; =1, i.e. fully connected non-weighted network. However,
for a weighted network); can never be zero.

Each overlapping coefficient is thus computed facte
» EU-27 country using the adjacency matrix define&dn 3. A
country average overlapping indef;# can be next assigned
to each country, dividing the sum of its overlagpin
coefficients by the number of neighbours:

(1) 63 = 0 = N; = 0 (fully disconnected, or “tree-like
network)

(2) Gy = 1, 0i#j in a fully connected network, whelg =
M-2k=k=M-1,

M
_ <0 >=—1-30, 9)(
(3) 0 <Q; < 1, otherwise; M-173
(4) O ~N;j andO; ~ <kj> = (k +kj)/2. The results are shown in Table 1.
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dimensional space of the adjacency matrix eigemgl(b) as

Table 1 The country average overlapping index of eactatistical significant edges in the graph plo}; &s relative

EU-27 country

SWE | 0.38| NLD | 0.35| CYP | 0.32
DNK | 0.37] AUT | 0.35] SVN | 0.32
GER | 0.37] FIN | 0.35| CZE | 0.31
FRA |1 0.37] POL | 0.35| ROM | 0.31
HUN | 0.37| ESP| 0.35 BGR | 0.31
SVK | 0.37| PRT| 0.35 LTU |0.31
BEL |0.36] ITA | 0.34]| LVA |0.31
IRL |0.36 | MLT | 0.33| EST | 0.30
LUX ]0.36 | GRC | 0.33] GBR | 0.29

The highest values of the average overlappirdgexn

correspond to the countries belonging to the “Cuamtal”
and “Scandinavian” groups, while the
correspond to several countries forming an Easbfean
cluster. Again, the separate position of GBR asingle
representative of the “Anglo” pattern, with respeict
European economies is emphasized, the former lieifagt a
cluster by itself.

One has to note a remarkable similarity between
country ranking over the first eigenvector compdniig.5)
and the ranking over the country average overlappidex
(Table 1). This similarity proves the ability ofetthereby
introduced ©;> index to supply a correct description of t
country weighted network.

5. CONCLUSIONS

The present paper has shown the possibilityagping a
macroeconomic time series, namely the GDP/capttss raf
growth into a weighted network. The consideredigest are
the 27 countries belonging to the EU community @& and

the weights assigned to the links are the coraati

coefficients. An averaging has been performed other
squared values obtained when a constant size timgow is
moved with a constant time step over the scanneun®
interval (1993-2008).

Usually, the correlation coefficients are congaltin
various time windows, with a given size; the figbblem
brought into discussion here above and outlineAppendix
A has been the role played by the time window sire
particular, the variance of the weights datasetbesn found
to be a monotonically increasing function of thadiwindow
size. This unusual result reflects the weight digtion
shifting from a Gaussian to a uniform-like shapeewtthe
time window size used for data analysis increagdss
transition has been explained when analysing thensialue
spectrum of the adjacency matrix in various timadeiws: as

the time windows size increases, more and more amm

factors must be taken into account as underlying
adjacency matrix, so
(absolute) values cover almost uniformly the indktvetween
0 and 1.

Finally, we have to point out that the mappirfgttoe

GDP/capita and other macroeconomic time series @to

weighted network structure allows a direct visialin of the
inter-country connections from at least three défa
viewpoints: (a) as relative distances in the bi- roulti-

lowest valu

that the correlation -coeffitse

positions in the country averaged overlapping doeffits
based hierarchy. In all these three ways, the dérdlustering
structure is found to have a remarkable consistevitty the
results reported in the actual economic literature.the
future, other network multi-vertex characterist{cistering,
minimal path, centrality, etc.) may be expectedéeostudied
in order to show whether they play an importanerol a
better understanding of economic connections.

APPENDIX A:
WINDOW?

IS THERE AN OPTIMAL TIME

A Kolmogorov-Smirnov test has been performed dher
DF (Fig.1) corresponding to every time window sj3&].

e p-values are found to be small (0.12 — 0.16) fon8 4
years as well as for 9, 10 and 11 years time windes;
some largep-values are obtained for the range 5 — 8 years
(0.34-0.48) and drop to 0.01 and 0.00 for 12-16@timndow
size. As generally accepted ([31], [32]), the mylpothesis is
rejected wherp-values are smaller than 0.10. Thus, one can
ﬁgnclude that the hypothesis of Gaussian distidnutis
rejected for the time windows larger than 11 years.

The o? statistical test has been performed in contrast
against the hypothesis of a uniform distributioheTtandard
8onfidence intervals are found to be less than afdte 3
and 5 years time window sizes, while for the 10 a6d/ears
time window sizes they are found to be at 85% a@éo9
respectively.

As regards the problem of the “optimal” time dianv,
one must firstly recall that usually, the “besth& window
size is considered to be the one correspondingetertinimal
variance of the output dataset. However, this Goiteis not
universal. From the Kolmogorov-Smirnov test we have
derived that for the 5-8 years time window sizeg th
corresponding distributions are “more Gaussianhtfa the
small time windows of 3 and 4 years. Moreover,hia 8 and
4 years window sizes the same statistical testtpaint to a
relatively large number of “outliers” which may lseen as
spurious correlations.

In view of the above considerations, we conclilide the
“optimal” time window sizes are situated in theeirntal 5-8
" years. That is why some particular results in theti§ns 3-5
are derived from a constant size time window ok&rg, for
which the distribution of 4} set is Gaussian, at least in its
central part (see Fig. 3, inset).

t

h

ti

APPENDIX B: THE T-STUDENT’'S TEST APPLIED TO
m HE [w;] MATRIX
th The linear relationship between two variables dse
tested usingr-statistics [32] by computing:

i

wheren — 2 is the number of degrees of freedom. The
correlation (weight)w; is considered to be statistically
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significant if the computed value is greater than a critical

valuet, readfrom thet-Student’s distribution table for the
level of significance.

From Eq. (6), ifw; =w, andt =t, one gets:

ta
(11)

JtZ+n-2

w, =

Taking n = 5 (the number of statistical data used f(‘N/I

computing each correlation coefficient in the 5 rgetime
window size), from thd-Student distribution tablese find

the critical values,, = 0.98;t,, = 1.64 and,; = 2.35 for the

levels of significancer; = 0.4; a, = 0.2 andas = 0.1; (or,

equivalently, 60%, 80% and, respectively, 90% atarice

intervals). The corresponding threshold valuesnaie= 0.49;
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REVISITING STOCK MARKET ASSUMPTIONS.
APPLICATION FOR ROMANIAN STOCK EXCHANGE

Daniel Traian PELE
University of Economics Buchares;mail: danpele@ase.ro

Abstract. The last century was marked by a prodigioudemonstrates that it is possible for an imperfeitdp to hold

development of modeling phenomena of
markets. During the basic process, a number of rapsions
that were made proved to have more or less validitiests
confronting or conforming to reality. In this papewe
propose to question some of those assumptionsinabe of
the capital market of Romania.
Keywords:  Efficient Market
distribution, predictability.

Hypothesis,

1. INTRODUCTION
Understanding the phenomena that take place witien
capital markets or those connected to it, requinesuse of

guantitative methods and techniques.

In particular, the statistical methodology proviggcient
tools for the analysis of the processes takingepia close
connection with capital markets activity.

After centuries of studies in which statistics wased to
investigate a wide variety of phenomena in econouric
social areas, medical sciences etc., a useful gsiocl can be
drawn for the understanding of these classes aftevanlike
sciences terminology, such as logic, statisticsdu operate
with concepts of true or false. A statistical carsobn will
almost never be true or false, but only probablelass
probable,
comparison with reality.

This requires a special relationship with realitio
understand a phenomen of this nature, usually ve& se
obtain a law, i.e. a general rule of governingititensic life
of that phenomenon; and we discover this by bujdirodels
of reality, being more or less abstract ones, ¢y surprise
the essence of the event.

In general, a model is a simplified representatibreality,
taken in order to understand its essential aspects.

In economics, a model is a theoretical construptaaming
the economic process through a set of variables samde
gualitative and quantitative relationships betwem.

The model simplifies, being a key to understandegity,
not at a true reflection of it.

stable

capitalconcept of perfection. If it is possible to held idea of a

perfect circle, but still be imperfect, surely & possible to
hold a concept of a perfect being whilst being irfg.

This happens generally with geometric models, which
operates with perfect concepts and notions thahatdo be
found in inherent reality.

In general, a model is in intrinsic connection witte
reality that it describes; starting from the actukdta of
reality, we are building models, schemes of undeding of
reality. These models can be studied independeatlythe
abstract level (which it makes it particularly appble to
modern mathematics), have a life of their own,ta tdeal
world of models, but ultimately there is a retuonré¢al world
models with valid conclusions from the reality’svéé that
gave rise to the model.

The world of
models

Data Conclusion

the accuracy test of this conclusion dein

Fig. 1. Scheme of understanding reality through a model

We distinguish between two classes of models:

deterministic models and probabilistic models.

Deterministic models are models in which parameses
variables are not subject to some random fluctnaticAn
example is the model associated with Newtonian
mechanics. According to the second principle of ima@dcs,
the force is proportional to the body’s mass iniooand it's

The way in which we use models to represent ane laavacccelerationF = ma. Then whenever we know the values of

deep knowledge of reality allows us to form an agglwith
Plato’s theory of ideas.

According to this theory, there is a perfect wothke world
of ideas, of forms, which is the true reality, gensory world
being a pale reflection of the world ideas. Thusyihg an
idea of a perfectly round circle cannot be falsesaslating to
and describing an aspect of perfection. Howeves itea

mass and acceleration of a body in motion, we kmdtk
certainty the amount of force developed by it.His tase the
only errors that can interfere are errors of measent.

Probabilistic models are models that take into antdhe
random component. In our attempt to include in a
mathematical model the surrounding reality, a sgeci
requirement is the prediction of the future statégeality

does not prove the existence of anything, but rgerelith the help of the build model. Since the use of
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deterministic models to capture essential aspetteality
seems to be an approach inevitably doomed to &jlua
reasonable solution would be to use stochastic pde
which the random factor is given a proper role.

Modeling capital markets has a long history, whialn not
be separated from the historical development of enod
methods and techniques of quantitative investigatio

As it will be seen from this work, modeling capitabrket
is in a close relationship with the hypothesis apital market
efficiency, a concept also correlated with theoraaiity of the
participants’s behavior in the market’s activities.

In the following analysis we make an overview d&f thain
authors who have approached this piece of reatityheir
work, but also the most important results that hareeked in
a definitive way the understanding of phenomena dlcaur
in the capital markets.

probability that a certain return to be achievedairgiven
period of time.

In 1905, the statistician Karl Pearson introdudeel term
of random walkin his article in the journallature’ where he
define the random walk proccess: ,in an open spheemost
likely place where to find a drunken man, who can stand
up, is somewhere in the neighborhood of its injiasition”.

That same year, independent of previous research by
Bachelier, Einstein developed the equations tha¢ ar
describing Brownian motion.

Much later, in the 70’s, appears the article thall w
definitely mark the theory of financial market&fficient
Capital Markets: A Review of Theory and Empiricabriiyy
written by Fama. This paper provides a summaryre¥ipus
research on the issue of predictability in equirkets and it
provides clearly formalism for notions like fair ya and
random walk.

In the year 1565, the famous Renaissance matheamatic

Girolamo Cardano published the boblber de ludo aleae

Also, it is given the classic definition of efficiemarkets:

(The book of gambling)n which he proposes the concept ca market is efficient if stock prices always futigflects all

equality of chances, which can be found in modeemdture
of game theory under the name of the correct gafiaie
game ): ,the fundamental principle in all gamblirg the
equality of chances, whether it is about opponemtsney,
etc.”.

(

available informatioh

There is made the distinction between three forrhs o
efficiency: strong, semi-strong and weak form édficy. To
discuss capital market efficiency hypothesis tccbesidered
common joint hypothesis in addition to studying how a

In the year 1828, the Scottish botanist Robert Brovstock price fully reflects available information ashid be

observed in an experiment that pollen particlesugpension considered an investor’s attitude towards risk. Wil be
have a random oscillatory movement, which rapidigrige shown later Campbell, Lo and MacKinlay (1997any test
the trajectory. This observation leads to the cphad the of efficiency is based on the assumption that thsren

Brownian motion.

In 1863 a French broker, Jules Regnault noted
fundamental property of Brownian motion: the vailiab
(measured by standard deviation) of Brownian motisn
proportional to the square root of time.

It is already the moment when it begins to cryitealthe
main notions and concepts that will mark the effoft
modeling financial phenomena.

Thus, British physicist Rayleigh discovered in 188@
processes of random walk (walking at random) dufigy
studies on sound waves.

In the year 1888, logician and philosopher John Ve
formulated a coherent concept of random walk aranBran
motion.

The crucial point in modeling financial market pberena
came in the year 1900, when the young French mattieiam
Louis Bachelier published his doctoral theSiséorie de la

equilibrium model that defines the normal gainsefficiency
is rejected, this may mean that the market is thubfficient
or may be a sign that an inappropriate model ofketar
equilibrium was chosen”.

It is interesting to note that these papers, asynudlners,
are based on several assumptions that are moreo on
less explicitly formulated: hypothesis of ratiofmdhavior of
investors, independence of economic agents, hypisthaf
existing a normal distribution of returns, assuntimg
existence of market equilibrium.It may be questindether
these assumptions are originating from economidiyea all
of the past decade of research has modified thétyrea
according to the theory. In the following we dissus a

Uritical way some of these assumptions.

2. NORMAL DISTRIBUTION ASSUMPTION

In 1915, Wesley Mitchell arguédhat the distribution of
financial asset price changes is ,too stretchedtoime from a
normal distribution.

speculatiof. Using statistical methods, he deduced that the

mathematical expectation of the speculator is zatsg, it

formalized the Brownian motion, being calculatede th* Pearson, K. , 1905, “The Problem of Random Wal&ture

1 See in this respect also the aroused controverthye XVII™ and
XIX ™ centuries on the deterministic models of the Ursigebuilt by
Laplace which is assigned the following phrase:” pNace for God
in the world build by me” (i.e., no error would elelong in such a
purely, deterministic Universe!).

°Bachelier, L.,1900, “Théorie de la speculatipAhnalesScientifique

No0.1865, Vol.72, August.

‘A market in which prices always “fully reflect” ail@ble
information is called “efficient”.

5 Campbell, J.Y., LO, W., MacKinlay, C., 199Fhe Econometrics
of Financial MarketsPrinceton University, pp. 24.

6 Mitchell, W. C., 1915 and 1921, "The Making and ridsbf Index
Numbers," Introduction téhdex Numbers and Wholesale Prices in
the United States and Foreign Countrigaublished in 1915 as

de 'E.N.S 3°%serie, tome 17,pp.21-86,http://www.numadam.org/iterBulletin No. 173 of the U.S. Bureau of Labor Statist reprinted in

2id=ASENS_1900_3_17 21 0

1921 as Bulletin No. 284.
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In 1923 KeyneS emits the hypothesize that investors inoefficienta < 2, a strong argument against the hypothesis of

financial markets obtain profits not due their @pito predict
better than the overall market's future price depeients,
but because of an appetite for risk, an idea thabonsistent
with the efficient market hypothesis.

normal distribution.

An important consequence arising from this conolusi
since the Pareto distribution with< 2 has the second-order
infinite, therefore infinite dispersion, using d#&sal methods

In 1926 the French mathematician Maurice Olfvieof estimation, such as ordinary least squares rdethecomes

provided a clear demonstration that the returrritlision on
the capital market is a leptokurtic distributiorhieh deviates
from the normal distribution curve, being more egjated
than that.

unnecessary. Fama suggests using mean absoluaticig?i
instead of variance as a measure of variation.

More recents works (Rachev, etc.) rediscover teerthof
stable distributions in financial modeling theomydashows

In an article from 1969 Larson shows that the returnthat there are much better approaches than classica

distribution is very closed to the normal for th@%8 of
observations in the middle of the original disttibn, but
there are a large number of extreme values thatasea
departure from normality.

One of the researchers who decisively influencedrtial
modeling, Benoit Mandelbrot, rediscovers in an cégtiin
1962 (but published a year Idfdrthe ideas of Louis
Bachelier and proposes the so-called stable digimibs, of
Pareto-Levy type, for price behavior of a financeadset,
which explains better than normal distribution dweurrence
of extreme values.

A confirmation that stock’s return (calculated dset
difference of logarithms of prices) follows a swlPareto
distribution is obtained by Fama in 19683hus, the logarithm
of the characteristic function of a stable Paregirithution
has the form:

Ing(t) =In [ expit IP@< W)= Bt- {1+ i,[a’ﬁ ta(a:ﬂ :
Mandelbrot demonstrated that the parametar is
controlling the length of ,tails” of such a distution and

takes values in the ranbﬁ 2]. In particular, itr =2, the
stable Pareto distribution becomes a normal digiob.

Using daily differences of logarithms share prieds30

distributions. The fact that the observed distiifutof the

returns is heavy-tailed can not be explained thincaignormal
distribution. Further, the frequency of extremerdggesuch as
the financial crisis is much bigger than it actyalllowing for

Gaussian distribution.

3. EFFICIENT MARKET HYPOTHESIS

Efficient market idea, as it is understood in mader
literature, has its origins from Bachelier Cowlesida
Samuelson’s works. In 1970, in his famous studyA&mna
gives the following definition:"A market in whichriges
always fully reflect the available information islied an
efficient market”.

A more recent definition is made by Malkiel (1992%
capital market is called efficient if it correctlgnd fully
reflects all relevant information in determiningses prices.
Formally, the market is assumed to be efficienatred to a
particular set of information, if asset prices wbuiot be
affected by revealing that information to all agewin the
capital market. Furthermore, efficiency relative dolot of
information implies that it is impossible to getofits act
upon that information crowds”.

The first part of this latter definition is similao Fama’s
classic definition, the second one involves a wayest the
efficiency of capital markets: if prices do not oga when a

Companies from the Dow Jones Industrial Average‘na:acertain set of information is disclosed, then tharket is
estimates the@ parameter and obtains in all the cases valudiicient compared with that set of informationigthest is

smaller than 2, an important argument in the fawfuhe fact
that the return is not following a normal distrilout, but a
stable Pareto one.

Fama’s calculation on the distribution of returndicates
that they are following a stable Pareto distribmitiavith

" Keynes, J. M., 1923, "Some Aspects of Commoditiezkeits",
Manchester Guardian CommerciaMarch 29, reprinted inThe
Collected Writings of John Maynard Keyn&olume Xl London:
Macmillan, 1983.

8 Olivier, M., 1926, "Les Nombres indices de la ation des prix",
Paris doctoral dissertation.

9 Larson, A. B., 1960, “Measurement of a Random &scin
Futures Prices"Food Research Institute Studiéol. 1, No. 3, pp.
313-24.

10 Mandelbrot, B., 1963, “The Variation of Certain Splative
Prices”, The Journal of Busines¥olume 36, Issue 4, October, pp.
394-419.

1 Fama, E. F., 1963, “Mandelbrot and the Stable tRare
Hypothesis”, The Journal of Busines¥olume36, Issue 4, October,
pp. 420-429.

impossible to achieve in real terms).

The third part of the definition suggests anotherywo
measure efficiency: by measuring the profits from
transactions based on a set of information, we aeride
whether the efficient market hypothesis is confidnoe not.
And this way is difficult to implement since thefanmation
available to the the agents in capital market asmplete
known.

One way to avoid these difficulties in testing #féiciency
of capital market is to develop a classificatiorading to
the multitude of information available, so we castidguish
between three types of efficiency:

2 Mean absolute deviatio(MAD) for a set of value¥, ,...,X,, is

defined as: yjap = Z": % — X
i=1 n

13 Fama E. F., 1970. “Efficient Capital Markets: A Rawviof Theory
and Empirical Work” Journal of Finance25(2), pp. 383-417.

32



« weak form efficiency—the set of information 3.1.RW1

includes only the transaction history (informatimm
prices or financial return on assets);

» semi-strong form efficiency—the set of information ¢
includes, besides the transaction history, all ipubg

hypothesis: independent and

distributed increments (i.i.d)

identically

The most natural expression of random walk hypasghies
hat the price of financial assets is a stohastorgss with
nternal dependence, with the following form:

information known by all participants in the
transaction; R =u+ Ft>_1 +E,, (3.1)
« strong form efficiency—sets of information

including all information known to any of the cagit
market actors (including private information).
One way to test the efficiency of capital marketostudy
the behavior of stock returns: if these are ungtable it is
an indication that the market is efficient.

A reverse argument is offered by so-callad of iterated

where (), 0 WN(0,0?) IS @ white noise, i.e.a series of
random variables independent, identically distilolut

B¢ ]=00t

Vafie,] =020t

£, €. independets for everyk

averages Allowing in this sense two sets of information Moreover, if the last condition is satisfied, thee have.

I, andJ,, so that
superior in information to the first one.

The law of iterated averages says this: if X isaadom
variable, therg[ X | I,] =E[E[X | J,]]1,].

Interpretation of this law is the following: pretian based
on the information contained in the skt is identical to the

prediction that we get it if we have the additioimdbrmation
contained in the sek, .

Applying this law in equity markets leads to areheisting
conclusion: if a market is efficient, fluctuations financial
asset prices are not predictable.

Indeed, suppose that at some point we have thefset
information that is completely and correctly

information| ,

reflected in the price® (formalizing, this means that there is a

random variable V, so tha =E[V|1,])-

Similarly, the price of the next momeint1, is determined
by a set of information, 01,:R,, =E[V |1,,]-

t+1
Then the expected value of price change betweetwihe
moments of time is:

B[R —RINI=E[EV [1.]-HV] LIl 1}
=E{[EN [l 1} -EV]1,]=0

In conclusion, price change cannot be predictededan
the information contained in the skt.

From a theoretically view point, if the issue oétbapital
market efficiency is well devised, we question ihavway it
can be extented to achieve a practically efficiemdrket
hypothesis testing. A useful approach to achieve it the
concept of relative efficiency, i.e. testing thdéiaéncy of a
market in relation to another market.

The possibility to model the behaviour of financésets
in order to achive predictions of their future ret is a
concern of researchers in this field. In the foilogv we
consider the problem of predictability of financédset price
fluctuations, considering that they are influendeg past
values.

I, OJ,, namely the second set is

Cov{&,5,,] =0si Cof £,5,,°|=0,k#C.

In equation (3.1)B,P_are the price value at two
consecutive moments, anflis the expected price change,
so-calleddrift.

Independence of innovation§é, ), implies that random

walk is also a fair game, but in a sense strongan tthe
Martingale hypothesis: increments are not only non-
correlated, but also independent, hence resultsathalinear
combinations thereof are non-correlated.

The functional form of the RW1 model induces non-
stationarity conditions of the process

(P),: E[RIR]=R+ut
Var[R|R]=0"t
The most encountered condition that is imposed to
innovationg&, ), is the one of the normality, beside the white

noise’s character, a condition which induces a apert
convenience in formal terms. But it appears incstesit with
the actual situation, because the normal distidoutiovers
the entire real line, so there is a nonzero prditphhat an
asset price is negative. One way to avoid thigatiffy is to
use instead of financial asset price series, timges of
natural logarithms of these pricgs=1log R-

RW1 model becomes then a lognormal:
P=H*TRLTE,
where(,,;l)l 0 WN(0,0?)(i-e. white noise) ang, [1 N(0,07)-

3.2. RW2 Hypothesis: independent increments

Although simplicity and elegance RW1 model is apipga
assuming the existence of independent identicafiyriduted
growth is just natural.

Factors that determine the evolution of financiaket
prices in a market are not the same and do not tieeveame
intensity for different periods of time. Also, ea@mic
conditions differ greatly over time, making the ndieal
distributions assumption over the entire time hmmizo be
unnatural.
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When the RW2 model is derived from RW21 model, Var[r +r +..+r ]
renouncing to the hypothesis of the existence opiat VRO = =1+ 22 ,0@<)

distributi fi i here i avarli]
Istribution of innovationgs, ), : R =HTRy & WISTEISA 1 infer the distribution ofVR(Z), we assume that
sequence of independent random variables ghath

profitability I, follows a pattern RW1:H,:r, =y +¢&,,
E[¢] =0, 0t

Var[g]| =07, 0t

where (&,), is a sequence of independent random variables

. indentically distributed &, [J N(0,0?).Assuming that we
COV[5 '8t+k] =0,0k#z0 work with a sample of 2n+1 observations over
COV[E e J 0,0k#0 time Py, ..., P,,,» We will consider the following estimators

, .. for the parameters’s distributio/ ando”:
Although the RW2 model is weaker than RW1, retdiais

essence: any future change in the price of findmasaets is o1&
unpredictibil using past price changes. THE_—

_ 1
(P~ Pea) =5 (Pon ™ B)
- — 772
3.3.RW3 hypothesis: non-correlated increments (P~ P —H)

Relaxing the assumptions of previous models, wainlz n 5
more general form of the random walk hypothesi®g th - U = Z(ka Poy_o— ,U) .
innovations are dependent but non-correlated.

R=u+R,+
where (&,), is a sequence of random variables such that

Estimators [ and Ja are exactly the estimators of

maximum verosimility of the two parameters, aﬁf{f is an
estimator constructed so that is taking into actotlne

E[e] =0, 0t random behavior of time seriglsp,), ; variance is a linear
— 2 .

Var[g] =0, 0t function of time, so0? can be estimated by half of the

Cov|g,.&.,]=0.0k# 0 variance even-terms of the series.

An immediate consequence of the efficient market Then in contions of RW1 hypothesis , we can infeéhe
hypothesis in weak form is that price changes, (yields) are asymptotic distribution  of the variances ratio

dictable.
not predictable QR(Z)‘ \/_(QR(Z) 1)~ N(0,2]14-

One of the most commonly used statistical tesetifywthe
hypothesis of random walks is variance ratio teSh
important property of all random walk hypothesighat the = We reject the random walk hypothesis at signifieanc

variable residual variance to be a linear functbtime. . _ N -1) . .
levela if the value of staUsch:Mz)l) is outside

Considering the RW1 modd| = (/ + &, , since yields, _ V2
are independent and follows the same distributioa,have the interval[-z,,,, 7, ,] -
that Var[r, +r,_,] =2Var[r] . Therefore, we can determine y/ariances ratio test can be easily extended toctise of

whether the random walk hypothesis is plausibleéfyiag several time periods. If the initial sample corssisf ng+1

report variancesyR(2) = varfr ] i rwa hypothesis observation{ p;,..., p,}, we have:

2Var(r,] ]

is true, then this report should be substantiailyat to one. - [l :i - (P~ P) :_1( Pog~ R)

Variances ratio can be written according to finstey N0 na
autocorrelation coefficient, if it is assuming thtae return o 18 .
series is stationary (this is necessary to defite t " Ya _n_q a (P~ P = 4)
autocorrelation function): k=l

Rz = VAL ) 2Vl OOy 5 -ab(q)—n—qZ(pkq P o~ 9

ar(r,] 2Var(r] k=1
If RW1 is met, then a first-order autocorrelatiaefficient QR( g = (q)

is zero, SOVR(2) = 1.If the series has positive autocorrelation
a

of first-order, theWR(2) > 1, and if the series has negativg, p\y1 hypothesis’s conditions, we have:
autocorrelation of first-order, th&R(2) < 1.

For lags bigger than 1, variances ratio is a linear Haussman, J. 1978

binati f ffici , lation: , "Specification Tests in Ecormidcsg,
combination of coefficients’s autocorrelation: EconometricaVol. 46.
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\/n_q(@p( 9-1) - N(0,2(q 1)). asymptotic  dispersion of p(K),r,’s autocorrelation

We can refine the asymptotic distribution of theiaaces coefficient of order k:

ratio, building better estimators for the parametérom i
above.A better estimator for the model's dispersian be na Z(p,
obtained using returns for q periods:

- pj—l_ﬂ)z(pj—k - pj—k—l_ﬂ)z
|:Z(p] pJ E :|

nq
“> > nq Z(rj _ﬂ)z(rj—k_[l)z
Also, we will correct dispersiong, and 0y : R >
nq
|:z (rj _[1)2:|
j=1
Typically, to test one of the two forms of the randwalk
hypothesis, we compute the variance ratiiR(q) for m

j=k+1

x°1)

G2(q) = e kZ(lok P q— G)* -

Z(pk Py~ A1)

a

nql

= 1d ~ eriods then determine appropriate
05 (@) =2 (P P g™ 9)° periods, {G;, %, ’*qn}* PProp
M=t statistics¢/(q) or ¢ (Q) and finally compare the statistics

where m = g ng- q+l)(l—lj- with a critical value of normal or Student distrilom, Z,,,
n

or ta/z;nq '

ai(q)
=2
9a 4. APPLICATION FOR BET INDEX
h To check the assumptions from above, we used daily

values of BET, the index of the Bucharest Stock
Ethange. The time period studied i<"1®eptember 1997 to
-1/2 1 . .
_ o= o[ 2(29-1)(Q- 1) : ' 15" June 2010(3164 observations).We used logretufmetk
w(@=na(VR g 1)[ 3q j - NGOG asf, =In B —In B_;, where R is the index value at time t.

This test can be used to verify the RW1 hypothesis,

4.1 Normal distribution assumption
assuming homoscedasticity and returns independence.
g y P To check the hypothesis of normal distribution &aily

A variant of this test, for the RW3 hypothesiswihich we return of BET index, we applied the battery of se$or
presume the heteroscedasticity hypothesis, is pt@de normal distribution available in SAS 9.2: Kolmogwfo
below. Smirnov test, Anderson-Darling test and Cramer-iises
test. In all three cases, the normal distributigpdthesis was
rejected with a probability of at least 99%.

The new ratio of the variances will bgR( ¢) =

Then we define a new statistics by which we tegt t
hypothesis of random walk:

The two versions of the ratio-variance test follothe
methodology used by Lo and MacKinlay (1988) anu
Campbell, Lo, and MacKinlay (1997).

To test RW3, assuming innovation’s non-correlatiend
heteroscedasticity, one can use the followingsttes:

35

30 i
. nq(VR(g) -1)
l//(q)=r = =N(0)). %7
V6(a)
- Variance ratio is computed using its asymptokipression:

oK), 5 - ]
VR(q) - 1+ ZZ(l—qu(k), where p(kK) is the 10
k=1

20

Percent

15

coefficient’s estimator of autocrelation of ordefok I,

0 r—r+ 1. ‘' 1. ‘' 1 - 1 - 1 T T T T T T T 1
-0.126 -0.102 -0.078 -0.054 -0.030 -0.006 0.018 0.042 0.068B090

logreturn

-6(q) is an heteroscedasticity-consistent estimato£(q) ,

the asymptotic dispersion of VR(qg), calculated suah Fig. 2. Histogram of logreturn for BET

. q-1 K\ -
6(q) = 42(1——) O
k=1 q

- O, is a heteroscedasticity-consistent estimatoidpf the

Table 1.Parameters of normal distribution
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Parameter| Estimate
Mean 0.000506
Std Dev 0.019321

Table 2. Goodness-of-Fit Tests for Normal Distribution

Test Statistic p Value

Kolmogorov-Smirnov | D 0.085| Pr >D <0.010
Cramer-von Mises W-Sq| 8.062 Pr>W-Sq <0.005
Anderson-Darling A-Sq |45.963Pr>A-Sq | <0.005

Moreover, the normal distribution cannot explaine th

presence of large deviations in stock price evofuti

The table below shows the probability that returns

are lower than a certain value, computed form stemated
normal distribution and from the real data
Table 3. Distribution of extrem returns

In general, the stable distributions do not presant
explicit form of probability density function, be&jnonly the
known characteristic function. Normal distributisra special
case of stable distribution: any linear combinatiom
dependent Gaussian is also Gaussian.

In literature there are several parametrizationsstable
distributions. We chosed for this paper the parsasaton
S0, in Nolan (2001)’s variant.

Thus, a variable X follow a stable distributi®a ,3,y,9;0)
if its characteristic function has the form:

_ expﬁ}/"t‘”[1+ iﬁtang)sig,(t)qyt‘l—a )+id a1
ot) =E[e™] = X .
expEytL+iA sigrt)(InGfe)] +ida =1

In the above notationg[(02] is the characteristic

parmeter(for normal distributionr =2), gO[-11jis the
skewness parameter,, ] (0,)is the scale parameter

Pr(rt >C) andO [JRis the location parameter.For our daily return
Cut point(c) Real data Normal distribution  Series of BET index, the following results haverbebtained,
-0.05 0.013906 0.0044738 using the software STABLE (Nolan, 2001).
-0.1 0.001264 9.863E-08 Table 4. Parameters of the stable distribution
-0.11 0.000948 5.343E-09 | Parameter Estimate Lower 95% | Upper 95%
-0.13 0.000316 7.161E-12 a 1.476234 1.421034 1.531434
o o B -0.01872 -0.138416 0.100984
_ A st_rong_rgsegrch direction studied in Iat_er yeahrh,_ough v 0.009246 0.0088915 0.0096011
it has its origins in the works of Mandelbrot iretl&0s, is the
use of stable distributions (Pareto-Levy) for maugl 0 0.000551 -0.00005 0.0011552

stocks’s returns.

As noted, the return’s distribution has tails ofamunigher
return than would be expected under normal digioby and
stable distributions resolves the problem of sugtreene
events. Stable distributions have a remarquablequty:
they allow for skewness and heavy tails and mang,limear
combination of stable independent variables is atable. In
other words, the shape of distribution is preserveder
linear transformation.

Maximum likelihood estimators of stable distributioinder
SO parametrization shows that we can reject themabr
distribution hypothesis, since the characterisicametei is

significantlly lower than 2, the value of the gaass
distribution.

4.2, Random walk hypothesis

Based on the methodolgy descrided above, we have
computed variance ratios for daily returns. Alscoafidence
interval with 95% probability was computed, using
homoskedasticity or heteroskedascicity assumptomiodel
innovations.

Variance ratio

VARIANCE RATIO UNDER HOMOSKEDASTICITY

2.4
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VARIANCE RATIO UNDER

HETEROSKEDASTICITY

Variance ratio
3 4

50 60 70 80 20 100

Fig. 3. Confidence intervals for VR(q)

In the above graphs, the red lines represent thisliof
95% confidence interval, while the blue line reprds the
values of variance ratio.Based on the VarianceoREgist, we
can reject the random walk hypothesis for dailyieserof
BET.

5. CONCLUSIONS

Altough the normal distribution has been widelydiar a
lot of applications in the financial world we stitheed
appropriate distribution in order to take accouot farge
variability and heavy tails. Stable distributionse a&a good
approach for these problems even they are notteadgfine
analytically and also easy to estimate.
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CALCULATING CREDIT RISK FOR A PORTFOLIO OF FIXED-RA TE BONDS
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Abstract. Credit risk is defined and explained, as well
as the two models of credit risk measurement. Eed 60
credit risk factors that are used are presentedjetber
with the credit worthiness index model accordingvtach
they are used. After data description and analyfig
models used in the scenarios generation are desdrib
detail. A portfolio of fixed rate bonds has beeketa and
its credit risk has been calculated.

Keywords: calculating credit risk, fixed rate bonds
portfolio.

1.INTRODUCTION

Credit risk is defined, in its strong version, &g tisk
that an obligor will not be able to meet its finac
obligations towards its creditors. Under this difm
default is the only credit event. The weaker dé&bni of
credit risk is based on market perception. Thisnitedn
implies that obligors will face credit risk eventiey do
not fail their financial obligations yet but the rket
perceives they might fail in the future. This isokm as
the mark-to-marketdefinition of credit risk and gives rise
to migration as well as default as possible credints.
Perception of financial distress gives rise to itred
downgrade.

There are two categories of credit risk measurement
models: Counterparty Credit Exposure models and
Portfolio Credit Risk models. Counterparty expossrthe
economic loss that will be incurred on all outstagd
transactions if a counterparty defaults, unadjusksd
possible future recoveries. Counterparty exposuneais
measure and aggregate the exposures of all trémsact
with a given counterparty. Although simple to implnt,
the model has been widely criticized because itsduoat
accurately account for stochastic exposures. Since
exposures of derivatives such as swaps depencedavél
of the market when default occurs, models musturapt
not only the actual exposure to counterparty atithe of
the analysis but also its potential future changesg.
simulating counterparty portfolios through time owe
wide range of scenarios, these models explicitiptuwa
the contingency of the market on derivative poitfoland
credit risk.

In contrast, Portfolio Credit RislPCR models measure
credit capital and are specifically designed to tusgp
portfolio effects, specifically obligor correlations It
accounts for the benefits of diversification. With
diversification, the risk of the portfolio is diffent from
the sum of risk across counterparties. Correlatadlosv a
financial institution to diversify their portfoliosand
manage credit risk in an optimal way. However, aiogl
work shows generally that a®CR models yield similar
results if the input data is consistent. A majaritation of
all currentPCR models is the assumption that market risk
factors, such as interest rates, are deterministence,
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they do not account for stochastic exposures. Qrtheo
objectives ofPCRis to measureconomiccapital.

Credit risk is the risk of losses caused by coyraey or
an issuer defaulting on their payment obligatioits.
focuses on the calculations of credit exposurescampital
allocation based on estimated economic losses.rofio
of Fixed Rate bonds of Depfa Bank Plc (www.depfanro
has been taken. The total exposure of all theunstnts
for this portfolio is approximately 635 billion USD

2.THE CREDIT WORTHINESS INDEX MODEL

Credit Worthiness IndexXCWI) comprises systemic
credit risk arising from movements in the crediivers
that are common to the counterparties in the plastfand
idiosyncratic (un-systemic) risk that is specifio &
particular counterparty in the portfolio.

The correlation infrastructure and data consistreflit
drivers that we have identified to be relevantrf@asuring
credit risk for any credit portfolio with global eerage,
the idiosyncratic risk, and the sensitivities of
representative counterparties for any given glakgion
and industry sector.

For a portfolio ofJ obligors, the credit quality of an
obligor is modelled through a multi-factor Credit
Worthiness Inde¥; and isdescribed in following equation

Y0=YAZ0+as ©

In the above equation, the systemic credit
component of theCWI for each obligon, j=1,2,..J , is
assumed to be driven by credit drivérsi=1,2...,1 . Each
credit driverz; represents the country and industry sector
affiliation of obligorj . The sensitivities vector can then be

written as (8,; B,; [ [ ) wherep_is the sensitivity
of obligorj to credit driveri. The second term in equation
above represents the obligor-specific, idiosyncratsk
component. The higher the sensitivities of an ablip a
credit driver or a set of them, the higher its eyst risk
and the lower its idiosyncratic risk will be.

a; = 1_Z|::3i12 =J1-rR @

Rjzis the proportion of variance of; explained by the

credit drivers, an&j in equation (1) are independent

risk

standard normal variables. Also, in equation (&) ittdex
Y; is standard normal in view of equation (2); it [z&so

mean and unit variance. One refersaqas the specific

weight for counterparty

In the above framework, correlation between any two
obligors’ credit quality is governed by the cortalas
among the risk drivers in the@WiIs. This is represented
by the joint Variance — Covariance matrix in théppr.



The covariance between tBaVIs Y, and Y, of any two
obligors can be written as:

couY, ¥ )=Y A4 ColZ Z+*TAA Vat D ()

Under a multi-factorCWI model, the sensitivity,Bij

must be estimated for a set of credit drivers appate for
a given counterparty.

We have also assumed that when all except oneeof th
sensitivities to the credit drivers equal zero, the
sensitivities vector for obliggris with systemic impact of
only one credit driver, namely;. In this case, although
the systemic risk in each oblig6\W! is determined by one
single index, the model still captures the divéraiion
effect across different region-industry sector @airough
the different indexes serving as proxies for suakhisp At
the same time, correlated defaults are capturedhéo
extent that the indexes themselves are correlated.

Once we estimate theéWI for each counter party in the
credit portfolio, the occurrence of default or naitjon in
each one of a set of Monte Carlo scenarios on ithditc
drivers can be simulated. Also, given other infaiora
such as counterparty exposures, recovery rategthlesf
planning horizon, etc., the portfolio loss disttibn is
computed where the losses now incorporate the itmgfac
correlated defaults and migrations. A pre-specifiesls
percentile, e.g., 99.90th, of the loss distributithen
signifies the credit risk economic capital for fatfolio.

In theory, the above process requires prior knogdeof
the specific counterparty names in the credit pbafin
order to compute the credit loss distribution. Butthe
above infrastructure and framework, however,
eliminates this requirement of prior knowledge pédaific
names. Instead, one estimate CWIs fepresentative
counterpartieson to which specific counterparties in any
given portfolio may be mapped, based on a set df we
defined criteria.

one

3.DATA DESCRIPTION AND ANALYSIS

A portfolio of Fixed Rate bonds comprising of
approximately 1,700 counterparties and 140 podfoli
denominated in different currencies with differemedit
ratings assigned to each one of them has been, takin
USD as the base currency.

A sample of market and credit risk factors has been
considered. Some risk factors may influence bothketa
and credit risk. Interest rates, for example, ararket
prices determining the values of various fixed meo
instruments, but they also have an influence orawdef
probabilities, and they are in turn influenced by
idiosyncratic properties of individual obligors.

Scenarios have been generated on market risk gactor
like Treasury interest rates and Credit risk fextgee the
systemic credit drivers. In this portfolio 50,00€erarios

have been generated on each market and credit state

drivers for 2 time steps of 89 days and 365 days.

The credit risk has been measured with respeatetditc
drivers’ indices which are the systemic macroecanom
factors that have an impact on the credit riskhef hond
instruments for each counter party.
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One has to make a distinction between regulatody an
economic capital since regulatory capital doesalod into
account correlations among obligors that form afplo
and so, depending on the credit quality of thegas to
which a financial institution is exposed to, it imigover-
or under-estimate economic capital requirements.

As we have seen above, we assume a multi-faevgl
model wherein a given counterparty has a singlelitre
driver associated to it. Given our objective of\ang at an
infrastructure whereby credit losses can be condptdge
an arbitrary credit portfolio that may contain
counterparties from any part of the globe, we hénst
identified a comprehensive set of credit driverthvglobal
coverage. In addition to providing comprehensive
coverage, the selected credit drivers also captbhee
characteristics of the economic and credit envireninof a
given region as well as the characteristics ofpghicular
industry within which a given counterparty is ogerg.

Accordingly, we have divided the globe into three
regions to start with: Americas, Asia-Pacific, aadrope.
We have taken a dominant economy in each regian lik
Japan in Asia-Pacific, and U.K. in Europe but for
Americas we have taken a combination of other ten
globally diversified Indices. We have divided thelze in
to five regions.

Further, within each region, we have utilized th€€S
system for 10 industry sectors in order to accdontheir
distinct credit risk characteristics. Thus, we havetal of
50 region-sector combinations to cover a globalitre
portfolio or a portfolio covering one or more ofetliive
regions.

Regions Sectors
1. Americas 1. Energy
2. UK 2. Basic Materials
3. Europe (ex UK) 3. Industrials
4. Japan 4. Consumer Cyclical
5. Asia-Pacific (ex 5. Consumer Non-Cyclical
Japan)

6. HealthCare

7. Financials

8. Information Technology
9.Telecommunication Services
10. Utilities

We have also taken the following 10 Indexes to
represent additional Credit Drivers to capture the
macroeconomic impact of the overseas countries
1.FTSE/ASE 20 (FTASE) Index — The FTASE Index
consists of 20 of the largest and most liquid stotiiat
trade on the Athens Stock Exchange. It was devdlape
September 1997 out of a partnership between thensth
Stock Exchange and FTSE International.
2.BRAZIL BOVESPA STOCK Index (IBOV) - The
Bovespa Index is a total return index weighted tagled
volume and is comprised of the most liquid stodksléd
on the Sao Paulo Stock Exchange.
3.CAC Index — The CAC-40 Index is a narrow-based,
modified capitalization-weighted index of 40 comijasn
listed on the Paris Bourse.



4.DAX Index — The German Stock Index is a total retur
index of 30 selected German blue chip stocks tradfetthe
Frankfurt Stock Exchange.

5.KOSPI Index — The KOSPI Index is a capitalization-
weighted index of all common shares on the KordagkS
Exchanges.

6.MEXICO BOLSA Index (MEXBOL) — The Mexican
Bolsa Index is a capitalization-weighted index &k t
leading stocks traded on the Mexican Stock Exchange
7.NIKKIE 225 (NKY) Index — The Nikkei-225 Stock
Average is a price-weighted average of 225 topdrate
Japanese companies listed in the First Sectionhef t
Tokyo Stock Exchange.

8.S&P/TSX COMPOSITE Index (SPTSX) — The
S&P/Toronto Stock Exchange Composite Index is a
capitalization-weighted index designed to measuaeket
activity of stocks listed on the TSX.

9.S&P 500 Index (SPX) — Standard and Poor's 500 Index
is a capitalization-weighted index of 500 stockise Tndex

is designed to measure performance of the broactskion
economy through changes in the aggregate market vl
500 stocks representing all major industries.

10. MSCI TAIWAN Index (TWY) — The MSCI Taiwan
Index is a market capitalization-weighted indexstdcks
listed on the Taiwan Stock Exchange.

For each region-sector combination, we designate th
corresponding Dow Jones Region-Sector Index as the
credit driver for counterparty affiliated to thagion and
sector. In order to estimate the sensitivity of a
representative counterparty for a given regionegect
combination to the Region-Sector Index as the tredi
driver, we have carried out the following stepsstithere
have been collected the time series data on adfiate
corporate bonds in a given region and sector aedithe
series data on the corresponding Region-Sectokawle

Next, one uses the average of the estimated R-&guar
for the bonds in the given region-sector combimatio
obtained when the individual fixed income returnge a
regressed on the Index returns, which are theradolaifor
use as the R-Square for a representative countgripaa
given region-sector combination.

Once R-Square estimates are available for a
representative counterparty for every region-sector
combination, equation (2) above can be used tonasti
the sensitivity and the specific risk for any carparty in
a given region and sector therein.

4.INTEREST RATE RISK FACTORS MODELLED
WITH BLACK-KARASINSKI MODEL

The Black-Karasinski simulation model is a normal,
mean-reverting model that is applied on the loghefrisk
factors. This model is used for simulations ovelame
time horizon that uses arbitrary length time stépsave
applied the Black-Karasinski Model for Interest ®at
Treasury risk factor block.

At each step, a mean-reverting process takes a smal
step toward a target mean before taking a randem igd
or down. The long-term range or bounds on the wabfe
the mean-reverting process depend on the valudothf
the rate of mean reversion and the volatility.
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The reasons why the Black Karasinski mean reversion
simulation model has been used for the interest riak
factors include the following:

e Each country has an ideal or equilibrium interest
rate term structure

*  When the term structure is out of equilibrium, a
variety of market, economic, and political forces
act to bring interest rates back to this equilibriu

» These forces become stronger as the term
structure deviates further from equilibrium

Theoretical Model:

Y (t) = log X (t)

dy (t) = a(Y - Y (t)dt + cdW (t)

Simulation Equation:

Y(t+At) =Y +(Y() -Y)e™ +0, /aLZ:N)/;

Calibration Equation

Y(t,) =log(X(t,))
V(L) =Y(L) - Y, - - (- )Y -Y(t, 1)

In the Interest rate block one has the time setata for
Zero Coupon Treasury Interest Rate curves for ntpnth
data from 31/01/1997 until 31/01/2007 for major
currencies of AUD, CHF, DKK, EUR, GBP, and USD.
We have the data for the above time series indha Df
treasury interest rates for one week, month, qualisf
year, three quarter, one year, two years, foursyefare
years, seven years, ten years, fifteen years, ywagdrs,
twenty five years and thirty years. We can obsdhe
mean reverting level under the lognormal model tred
rate of mean reversion for all the interest ras& factors
in the figure given below. The average mean rewvgrti
level is 4.3337% and average rate of mean reverision
8.7883

el

20

Leval of Mean Reversion Rate of Mean Reversion

Fig.1. Mean Reverting Level of Interest Rate Risk Factors

5.CREDIT RISK FACTORS MODELLED WITH
GEOMETRIC BROWNIAN MOTION MODEL

The Geometric Brownian Motion Model, also known as
the Black-Scholes Model with zero drift, is used to
generate multi-step Monte Carlo scenarios. It is a
stochastic process that is similar to the Browréstion
Model, but is pictured as a geometric random walk i



continuous time. The distribution of these contumly
compounded returns at the end of any finite tinteriral
will be a LogNormal distribution It also includes an
adjustment based on Ito’s Lemma. This process g&er
scenarios whose dispersion increases without basd
simulated time elapses. Stochastic Process:
dX(t) = aX(HdW(t)
Simulation Equation;

X(t) = X(t —At).exp{—;azm +/7\/E}

Calibration Equation:
The increments have a normal distribution.

V(t,) = In(X(tt)J + Lo
X(ty)) 2

The Geometric Brownian Motion Model has been
applied for Credit Drivers risk factor block. Inighblock
we have the time series data for independent cdeidiers
in the form of market indexes for monthly data from
31/05/2000 until 31/05/2007 for major indexes regio
across the globe etc and for different sectorsiwithese
regions like Energy, Basic Materials, Industrials,
Consumer Cyclical, Consumer Non-Cyclical, HealtlreCa
Financials, Information Technology, Telecommunigati
Services and Utilities. In total we have 60 cratitvers
comprising of combination of different worldwidediexes
with one of these sectors above.
f

-1
E1MCY Index EZHCR Index [BOVIndex Index A1CYC  IndexEAENE PACYC Index  PIUTIIndex  P2TEC Index
Fig. 2. Correlation movements of the credit drivers

The correlation behaviour between the 60 credk ris
factors observed in observed kigure 2 has all the 60
credit risk factors on the-axis and their correlation with
the other indexes on thgaxis. The correlation ranges
between 0 and 1.

Volatility Estimate

Volatility
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Credit Risk Factors

Fig.3. Credit risk factorsvolatility

6.RESULTS

We have calculated the measures for Expected @Hortf
and Credit VaR at 99.95 percentile level of coniicke for
both time steps 89 days and 365 days. The resu#t of
Value at Risk YaR calculation for a portfolio indicates
the amount of money that can be lost over a giume t
horizon at a specific confidence interval.

The results for the Credit risk estimates can beenked
in the below table:

Credit Risk 89 days 365 days
ExpectedShortfall@99.9% 183,943,506.80 237,4562262.
Credit VaR @99.95 137,898,249.90 198,598,398.50
Mean Loss 1,101,751.04 8,101,601.48
MeanExposure 1,889,172,428.00 1,470,622,964.00
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The other results estimates for Credit Risk are
 Mean Exposure — This is the average exposure per
counterparty for the given portfolio of fixed rdiends
» Mean Loss — This is the average expected loss and ¢
be arrived as per the following calculations: (Mean
Exposure * Expected Probability of Default * Assuine
deterministic rate or recovery)

» Expected Shortfall (ES) - Expected Shortfall is the
average of all losses that meet or exceed the FaRthis
reason, it is also known as “conditional VaR” ail‘t
conditional expectation.”

The expected shortfall for Credit risk has been
calculated, which is 184 million for 89 days and723
million for 365 days.

We can observe that the credit VaR at 99.95 peteent
for 89 days is approximately 138 million, which(€92%
of the overall portfolio exposure and 199 millicor 365
days which is 0.03% of the overall portfolio expesu

On one side, this might be due to the portfolio
consisting of counterparties with very less stotibas
probability to default in spite of having all sok$ credit
ratings. On the other side, the inputs for the itred
sensitivity used for this analysis are coming fr@am
analysis in progress.
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Abstract. The contemporary economic reality could be
more adequate for new sociophysics and quantum
economics’ models and methods. These new multi —
disciplinary sciences are able to perform economica
analysis, better than contemporary econometrics or
economic statistics, in general. Other aspects huf t
article are related to the significance of time cept in
the contemporary economics through physics way of
thinking and to the integration of the multi-didaoies
thought into the statistical evaluation of the eworic
results. This could be also a consequence of therence
generated by the global crisis in the economic doflhe
authors believe that new multi — disciplinary scies can
solve the problem of a better coverage of economic
realities, through more adequate and comprehensive
methods and models. In addition to this main puepdise

paper could be a good explanation for a better
understanding of the crisis and recessions.
Keywords:  sociophysics, quantum  economics,

macrorealism, particle, multi — disciplinary sciersc

1. INTRODUCTION

The models are either a modality of representing a
simplifying empirical objects from reality or partsf
reality, phenomena, and physical processes (eittoetels
of phenomena or models of data), or an alternaitive
which the human way of thinking’s processes can be
amplified (for the scientist’s thought, the constion and
the manipulation of models are vehicles for leagnamd
understanding), and, probably most of all, a stlgstifor
direct measurement, experimentation and simulatbn
reality). Simulations are used only for the dynamic
models, i.e. models that involve time (the simola aim
means understanding, solving and projecting thatans
of motion of such a model).

Researchers are acknowledging the importance of
models with increasing attention and are probing th
assorted roles that models play in scientific pecact
Interpretation “in simulacra” of a special realityrough
the model means to simplify reflections of thislitgabut
despite their inherent and relative falsity, modahains
extremely useful (in fact, there is no complete antire
true model, able to describe the reality).

2. NEW MULTIDISCIPLINARY SCIENCES,
MODELS AND METHODS DERIVED FROM
PHYSICS

The physics models used in (macro) economics genera
the multidisciplinary models and do not analyze yonl
economic or social processes and phenomena, thdrrat
their continuity in evolution or involution.At the
pragmatic and challenging crossroads of (macro)
economics (i.e. econometric research) and sociology
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(sociological research), or, more recently, even of
politology with physics (that is, the thought basen
physical, quantum statistic, or the theory of igigt),
completely new sciences have been generated oxdagh
three decades, e.g. sociophysics and quantum edmgjom
etc., which vie, through their seeming originaliagnd
simplicity, with the impact of other new modern easch
methods that emerge and take firmer shape, sudheas
science of complexity, the science of the neura ne
systems, of the genetic algorithms, of fractals,cbéos
theory, of fuzzy and neutrosophic logic. Their bigtal
evolution is an occasion for us to acknowledgeptaee of
the development of the border disciplines. The jaisys
model can contribute, through its sociophysics,ntyua-
economic, science of complexity, science of theralenet
systems, genetic algorithms, fractals, chaos thdarzy
and neutrosophic logic, etc. forms, in an unexpkcte
manner, to a better understanding of the economic
problems, of the processes or decisions of an enmAo
social type.

Contemporary humanistic sciences are nowadays more
and more distinctive, from psychology to the coigmit
sciences, from sociology to economics, from thetipal
sciences to anthropology, etc. The special humanist
sciences were previously known by the name of moral
sciences, and, at the same time, were marked by the
tradition of generating analogies with the ideastle
natural world and in the natural sciences. Therst®xa
great diversity of the schools of thought of anremuic
type: that of the Austrian economists, that of the
institutionalists, the Marxist one, that of the isbc
economists, of the behaviouralist economists, of th
theorists of chaos, of the Keynesians and post-
Keynesians, of the neo-Ricardians, of the Chicadwal
theorists, of the constitutional political econotsjof the
supporters of the theory of public choice (the tleof
rational choice already represents the focus of the
economic discipline, in the balance of the neositzd
microeconomic, and the macroeconomic one).

Physics was born as a fundamental science, in
demonstrative or reductive a manner of thinkingy dno
assume a manner of thinking of a universal typeh wi
Newton. What is a fundamental science? Can unitgt ex
without fundamentality? The form the unity takes, o
should take, especially in physics, is a contraaers
qguestion, which has led to plurality within the &do
community of the whole discipline of physics. Plegshas
developed a genuine universe of the activitiesyéeh the
theoretical and the experimental approaches amuigre
That process has led to a lack of unity in the geahany
classical discipline, as well as a greater compfeaf the
sets of interactions within the usual termptiysics as it
gradually became a great science, alongside ofrothe
disciplines, such as engineering, economics and



management. A distinctive feature of the econometri
model has to do with the fact that, whereas it ehavith
the physical model the application of mathematios a
statistics, inductively or deductively, descriptiveor
explanatorily — with respect to the population, ahe
probabilistic interpretations — it seems thatiit Ecks the
strict and accurate, correct approach to the usaldaws

in as “recognizable” a manner as in the physicad@ho

The economic model is a scientific model oriented
towards the possibility of choosing, of managirsksi, and
making decisions with respect to some genuine,nofte
serious problems, but it also involves a numbegaferal
aspects that are of special interest in understgnthe
phenomena or processes. Thus, after two decades of
existence, it can be found that:

- the economic model only refers to certain aspetts
the reality, where the man is concerned with lihite
resources, it is true more often than not in annugdt
manner;

- the economic model always encourages the
enforcement of the quantitative and formal methdts,
confers intellectual legitimacy, associated withtugs of
accuracy and precision, somehow relative, and of
objectivity, sometimes only apparent;

- the subjects of the economic aggregates are wiade
the same simple material, as elements, atoms of the
activities, units that are also physical entitiessbandries,
households, corporations and financial or non-fongn
agencies, the labour market and other markets,thmit
economic laws, as formulated or invalidated throtig
econometric models, do not have the same typeabiflity
as the models and laws of physics;

- the economic systems modelled in the econometric
manner reveal they are on the increase, day a#ftgr id
natural or human environments, just like the otlgpes of
physical, biological and social systems.

All the above aspects show serious grounds for
competition in knowing and quantifying, in modetjiand
forecasting the real world, simultaneously econgmic
physical, sociological, etc. The physical model ozake a
real contribution, through its sociophysics, quamtu
economics, etc. Forms, and in an unexpected matmer,
understanding the economic problems, the processbe
decisions of an economic and social nature:

- through its methodology, which can be described a
dual: of an analytical and experimental type atepnc

- through its solutions of decomposing, cohereathgl
very close to the reality, a system into its cduostie
pieces, and its manner of final understanding, kmow
through the formula “the whole is larger than thensof
its parts” (theGestaltphenomenon);

- through its measuring scale, or it quantitatredevant
standpoint, where it describes the qualities oée@mnomic
system or its constituent and determinative phemame
without however omitting the simplicity of the pligal
universe, assimilable to any other universe;

- through its specific vision and its manner of gk
references, always in terms of parts of the unevdhat
must be studied within the great structural hidrgrof
reality: from a micro-scale to a macro-perspectivhich
it deals with through its two main extreme discipk
(nuclear physics at the sub-level of the atomidiglas,

and astrophysics, at the aggregate level of thenicoand
universal type), connecting a great variety of igigtes,
from chemistry, molecular biology, organic biology,
psychology, up to economics, political sciences and
sociology, ecology, geology and climatology and etal
with, astrophysics);

- through its contribution to establishing the etpres
that simplify, and the methods that describe phesmam
with much more accuracy and precision, as compaitd
any other models, such as production, markets,atig,
traffic or transportation, the financial world, etc

The physics’ laws, mathematically express
conservation of a quantity, as well as the condgemaof
symmetries or the homogeneousness of space and time
(the object space—time).

The physicists’ interest in the fields of the fica@i and
economic systems has comparatively old roots, anded
history of the appearance of sociophysics can be
illuminating in that respect. Sociophysics has Ieea@lso
an attractive research domain in the last two oeeh
decades, despite the controversies between soistdog
and sociophysicists; it is all due to its extranety
potential to allow the understanding of a simplagple
in keeping with which social phenomena will alwdys
victorious, unlike the scientific theories that &ip them.

By using statistical physics on a large scale, lmgetiing
the relevant social phenomena, such as those ofatég
up of the cultural, economic or political opinionthe
dynamics and dissemination of the opinions, thgiror
and evolution of language, competition, conflichet
behaviour of the masses, the spreading of the rtsnou
social contagion, the net systems of the Intermet the
World Wide Web, scientific cooperation and reseathb
appearance and evolution of the terrorist netwoeks,,
sociophysics tries to supply new solutions in mibaigl
such phenomena as the inter connexion between the
dynamics of a number of social or demographic iaidics
(life expectancy, birthrates, fertility, etc.), anthe
distribution of wealth and well-being, religion, eth
ecosystems, friendship, the social and traffic oekw, etc.

The origins of sociophysics can be detected as
belonging to the '70s and '80s. One of the mosjdently
cited authors is Serge Galam, who published higzain
Journal of Mathematical Sociologyand in European
Journal of Social Psychologyrhe apparently conflictive
nature of the new discipline, called sociophysias,
relation with the scientific communities of the sdécal
physicists, is best described in his bddéciophysics: A
Personal Testimony (2004Physicist Elliott Montroll was
the co-author of the first book that anticipatece th
evolution of this new science called sociophysics,
alongside W.W. Badger, in 1974; the title of th@kavas
Introduction to Quantitative Aspects of Social Piraena.
Sociophysics was defined, by association with
econophysics, as the specific phenomenon of ugdieg t
models of physics in sociology, as the first ohijecbf the
new science was to deal, in its models, with thendmu
individual as statistical physics and the quantdnysgcs or
mechanics treat particles. Physics concentratet upis
day on the scientific and technological aspecthiughan
society, and accepts ideas of Alfred Lotka, coniogrithe
human populations as the owners of genuine sokitain

the
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transforming their own energies into specific dymm
(demographic migrations, cultural, educationaljgiels,
behavioural changes). The sociophysical models
change the possibilities of the human populatiokrtow
themselves, and physics itself dynamizes the ifyetitn
effort through its traditional analysis models lthsen
guantum thinking, through the method of statistical
physics, together with fuzzy logic, through theescie of
complexity, or through the methods specific to stugy;

it thus enriches the methodological supply of sphisics,

the initial name of which was intended to be
psychophysicsStarting with the 21 century, sociophysics

is really a new science, and not only a mere
multidisciplinary or trans-disciplinary slogan. Amp the
most important pioneers of the new science, we ccoul
mention, in addition to Serge Galam®ociophysics: A
Personal Testimony Dietrich Stauffer $ociophysics
Simulations I: Language Competitiorfaris Arnopoulos
(Sociophysics: Chaos and Cosmos in Nature and @)Jtur
etc.

The contemporary debate about the limits of the
economic realism and the future of economics must
defence the importance of the new alliance withntura
physics. Quantum physics can approximately be
considered as a generalization of Newtonian phyaics
mechanics. The probability of finding a particlegiven
by a function having conformity with the principles
wave mechanics. Thus, the particle is dissipatesparce,
and it is only the probability of finding it in aedain
location can be calculated, until it is noticedaimpractical
way. The thinking of quantum physics leads to the
conclusion that using the probabilistic scenariothwi
alternative state variants (very much as the peswave,
in the quantum model), stands the best chancesmning
near the description of the macroscopic, macroeni)o
macro-financial world of the companies. First, écbmes
necessary to define the specificity of quantum psys
way of thinking.

Quantum physics remains a powerful science for
studying subatomic particles. Very small partickssery
high velocities behave differently from billiard Ilsaand
solar system planets and there are some non-iguiti
effects of trying to observe and pinpoint featurafs
individual particles. Quantum physics emerge from
classical statistical physics or classical statistA typical
guantum system describes an isolated subsystem of a
classical statistical ensemble with infinitely maaigssical
states. The state of this subsystem can be chearactdy
only a few probabilistic variables. Their expeciatvalues
define a density matrix if they obey a "purity ctyamt".
Then all the usual laws of quantum follow, incluglin
Heisenberg's uncertainty relation, entanglement and
violation of inequalities. No concepts beyond dlees
statistics are needed for quantum physics - tHferdifices
are only apparent and result from the particuksitdf
those classical statistical systems which admitantym
mechanical description. The rule for quantum prdtes
follows from the probability concept for a classica
statistical ensemble. In particular, the non-coningut
properties of quantum operators are associateletaise
of conditional probabilities within the classicaystem,
and a unitary time evolution reflects the isolatiointhe

can

subsystem. But first of all, despite the scientdfaracter
of quantum physics, this incredible way of thinkiofers
and takes a spiritual perspective in which there o
separate parts, in which everything is fluid andaais
changing, from particle or atom to wave or eneffgym
material to spiritual, from realism to idealismg.et

It is through our thoughts that we transform thigre
changing energy into observable reality. Therefom can
create our reality with our thoughts. With quantum
physics, science is leaving behind the notion thahan
beings are powerless victims and moving toward an
understanding that we are fully empowered creaibsur
lives and of our world. Quantum physics shows thiaat's
happening on the inside determines what's happeming
the outside. It says that our world is shaped by ou
thoughts. Quantum physics’ way of thinking is thearest
thought to the universe, and even beyond univerke.
original connection between quantum physics andghb
was made by David Bohm in 1951. The human brairois
Turing Machine. Roger Penrose tries to prove that o
consciousness is non-algorithmic, and that we seém
our conscious selves - able to make decisions flash.
He finds that this could be explained only by quamt
physical thought processes that proceed in subtgrav
parallelism until they reach graviton level, whemey
collapse and produce a conscious thought. Both Roge
Penrose and Amit Goswami note that where quantum
physics seems mystical, it is because it is notpteta,
stable, or a finished theory. Since quantum theamynot
explain the collapse of wave functions adequately w
should not try to use to explain more complex pnesica
either. We need better tools. Obviously, the bran
composed of particles obeying quantum laws (a tetab
case is that the retina accepts photons, whichsarall
enough to behave strangely in terms of classicgsiph).
Quantum physics is strange. So is consciousnesgbéa
there is something in common between the two. The
indeterminism in quantum physics is commonly maztéll
in a wave function - which is a combination funatiof
possible outcomes, and determining the outcome is
commonly termed “collapse of a wave function”. Resar
says that consciousness as a side effect of runamg
algorithm is not possible. Amit Goswami complethss t
idea, and reconciling macro realism with micro idsna is
possible in quantum physics’ way of thinking beeao$
six main reasons: a) the quantum state of a system
determined by the Schrodinger equation, but thatieol
of Schrodinger equation, the wave function is nicealy
related to anything that can be seen by someone; b)
guantum objects are governed by the Heisenberg
uncertainty principle: it is impossible to measure
simultaneously and with certainty pairs of conjegat
variables such as position and momentum; c) thadoar
of wave-particle duality consist of quantum objects
needing for a solution which involves interpretatiand
philosophy; d) the discontinuity and quantum leape
truly fundamental features of quantum systems hehay
e) the physics’ reality could be or not a coherent
superposition; f) under certain conditions (for rayde,
when energy levels of atoms are separated by veafl s
spaces), quantum mechanical predictions could dhecesl
to those of classical mechanics. Macro realismearis
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whenever economics appear, but difficulties areerard
more significant because of the quantum natureality.
Very much as the measuring process gets us acqdaint
with quantum thinking, the concepts of statistical
collective and ensemble, being tantamount to a rurab
sequences of probabilities and mean values ofdhahles

of quantum physics, allow the mental associatiansray
molecules or particles, and economic agents, ojestsh
The world of physics thinking can impose to ecorzahi
thought the probabilistic character of its foresasven in
the case of a pure statistical collective, graguall
eliminating the exclusively deterministic models of
prognosis specific to classical economics. Proksiiail
density will thus generate models for previsiotmsed on
the probabilistic thinking structured in distinaemarios.
The merit of the quantum physics is that of ackmalging

its limits in foreseeing future events, centred the
principle of uncertainty, and becoming familiar ftdure
economics, as well. Economical thinking will alsake
over, in future, the simultaneity of the stategafticle or
wave, from quantum statistics, in an alternativerapch

to the various specific units defined through bjnstates.
Finally, the quantum economics is the scientific
compromise between the economic vision and quantum
physics’ thought. Quantum economics means also the
coalition and the equilibrium between the two sceémn
This coalition has three steps: a) the coalitiorstthave
“positive measure” (the coalition “matters”, in theneral
sense); b) the both sciences (economics and quantum
physics) prefer the new allocations of the commense

of thinking; c) the total endowment of the coalitimust

be sufficient for them to conduct to a better ustirding

of the economic world (more atomized and thus
continuum). In his relative recently finished boektitled
“Physical Modeling of Economic Systems. Classical an
Quantum Economics”(published in 2005), Anatoly V
Kondratenko underlines that if compare quantum
economics with other most known economic theories
(neoclassical economic theory, institutional ecoism
evolutionary economics) it can be said, that quantu
economics does not contradict them. Generally spgak
for the beginning, quantum economics has been
considered a method foab initio or non-empirical
calculations of demand and supply functioasd their
dynamics or evolution in time due to all interansoin
economic systems. Moreover quantum economics
combines or/and unifies most important of mainstrea
theories and gives fruitful theoretical and compatel
tools for further development of them. As a mattefact,
guantum economics can be regarded as the firstistep
developing the ‘grand unified economics’ in a
multidisciplinary theory, using multidisciplinary ethods
and models, etc. Really, on the one hand, quantum
economics makes it possible to simultaneously clemsi
influence exerted by the interaction of the ecormagents

(a major subject in neoclassical economic theonmyl a
interaction of the government, society and other
institutions with economic agents (subject of iigation

by means of institutional economics) on the economy

agents’ behaviour, and on the other hand, to offer [10]

equations of motion of the economics phenomena that

describe evolution of the economy in time (paradigin
evolutionary economics).

3. A FINAL REMARK

To conclude the presentation of the new model of
sociophysics and quantum economics, the applicaifon
sociology and quantum theory in economics implies t
fact that new systemical vision of sociology is abhs a
good option and the sum total of the information
concerning a certain particle or an economic emtitixst be
contained in the wave function or in the energycfion of
the economic activity which is associated to it, the
formalism of the wave functions is considered adégu
because their predictions are in keeping with the
experiments and economic evolutions. The basic lafvs
guantum physics and mechanics describe the phgdics
the sub atom world, but the macroscopic world selfta
final case of that science of the greatest gergra we
can see from economic point of view. In the thimgkiof
guantum physics and mechanics, an entity of a sum a
particle, such as the electron, could behave niyt as a
particle, but also as a wave. This is the majomgkafor
economics’ thought. Even economics’ entity is not a
particle, sometimes it is activity and results dgrithe
same time, like in quantum physics. That odd quantu
effect is supposed to disappear, in accordance thith
thinking of quantum physics, when the entities lbeeo
bigger.
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Abstract: Physics may offer powerful tools to model
social, political and economic phenomena, amongnthe
corruption. The word corruption was used in Physexsd
Philosophy, in Antiquity, to describe an alteratiof the
actual motion (behavior) of a body, with respextthat
expected (due to the physical law applicable) tobo the
Physics meaning of corruption is not even mentioimed
contemporary dictionaries. By analyzing the evolutof
corruption in Physics the authors draw some corohs
useful in applying Physics models to every dayTiife
authors give some examples starting from Physia$etso
of the law of action-reaction, dimensional homodsne
the use of errors besides the use of average values
Physics and apply them to economy and politics to
identify, characterize and suggest how fight soypes of
corruption.The models fit, also, the actual sitoatiin
dealing with the State Budget deficit in 2010 Roiaan
Keywords: Corruption, fraud on law, fiscal evasion,
physics models, econophysics, action and reaction,
dimensional calculus, dimensional homogeneity, rerro
estimation

1. INTRODUCTION

The authors have been lead to this research bygbein
interested to explain how it was possible to acdateu
huge private wealth during world war and post-waret
and more recently, after the breakdown of communist
regimes in the early 1990’, in Romania, Russiaafih a.

s. 0., by people with low initial wealth.The mediad
politicians have explained this “achievements” by
infringement of law, by “corruption”, probably sonoé
their members knowing it from the source. But maiy
the newly wealthy people, their accountants, atlegaat
they acted within the existing law, not infringifew. In
such a case, there is being implied not the simple
infringement of law but “fraud on law”.

How it is defined, the term “corruption” (in French
corruption, from Latincorruptio)?

In contemporary dictionarieScorrupt” means : 1250—
1300; ME (< AF) < L corruptus broken in pieces,
destroyed; corrupted (ptp. of corrumpere ), eqtavcor-
cor- + rup- (var. s. of rumpere to break) + -tug.pt
Suffix; when used as an adverb literally meansetistt
broken"

In modern English usage, the wordsrruption and
corrupt have many meanings [1]:

« Political corruptionthe abuse of public power, office,
or resources by government officials or employess f
personal or group gain, e.g. by extortion, sohgjtior
offering bribes.

« Briberyin politics, business, or sport (including match
fixing).

 Police corruption

» Corporate corruptiancorporate criminality and the
abuse of power by corporation officials, eitheremially
or externally.

 Putrefaction the natural process of decomposition in
the human and animal body following death.

« Linguistic corruption the change in meaning to a
language or a text introduced by cumulative erriors
transcription as changes in the language speakers'
comprehension.

« Data corruption an unintended change to data in
storage or in transit.

Legally, corruption is an occult disregard of thev] the
violation of legal provisions in their meaning asdirit
[4]. This disregard of the law may be or may benabting
upon an the other law.

Frequently, in legal courts, the corruption is cected
with fraud on law.

There is reckoned fraud in law, when certain legids
are not used for the purpose for which they wectad,
but to circumvent other mandatory legal rules, that
meaning when there is an infringement of a mangator
law by using an the other law.

The contemporary corruption is so important thiag¢re
are frequently mentioned institutions dealing with
political corruption, from world to local levels:

» Transparency Internationawhich since 1995, has
published an annual Corruption Perceptions IndeRlYC
listing and ordering the countries of the world acling
to "the degree to which corruption is perceivedexist
among public officials and politicians". The orgeation
defines_corruptioras "the abuse of entrusted power for
private gain”.

» Group of States Against CorruptigRrench:Groupe
d'Etats contre la Corruption a body established under
the Council of Europgéo monitor the implementation of
instruments adopted by member states to combétoabli
corruption.

* Independent Commission against CorruptitidAC,
of Hong Kong (1974). Its main aim has been to clepn
endemic_corruptiorin the many departments of the Hong
Kong Governmenthrough law enforcement, prevention
and community education. The ICAC is independent of
the Hong Kong Civil Service

« Anti-Corruption Trust of Southern Africgf ACT-
Southern Africa)

« D.N.A. National Anti-corruption Directorate (a
prosecution entity) in Romania, with national
headquarters and 15+3 local branches.
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In dictionaries and in media, there is not even an
allusion about the Physics’ origin of the word
,<corruption” and how Physics has been dealing with
corruption along History, in spite of the fact thittysics:
has being using the word corruption for 25 cenfyrieas
explained corruption, has modeled corruption and ha
found ways to master, to reduce or sometimes toigite
corruption.

The word corruption was used in Physics
Philosophy, in Antiquity, to describe an alteratiohthe
actual motion (behavior) of a body, with respecthat
expected (due to the physical law applicable) to be

Aristotle (384-322 b.Ch.) located a gap between
terrestrial and heavenly Physics. The first hadslaalid
in the terrestrial (corruptible and mortal) regiotie
second had proper laws valid only in the ethereal
(incorruptible, celestial, heavens’ and eternaljag.

This duality remained unquestioned until Galilediléia
(1564 - 1642) attempted to demonstrate the mobifty
the Earth. However, Galileo hypothesized that amhe
Physics could exist, but he did not actually apply
terrestrial physics to the ethereal region.

Tycho Brache (1546 — 1601) established theoreyicall
the super-Lunar position of transient phenomen# ssc
new stars and comets. This meant that he underntirged
Aristotelian conception of the immutability and
incorruptibility of the heavens.

More, Tycho Brache and his assistant Christen Seren
Longberg (~1562-1647), discovered and computed the
main anomalies of Lunar motion. That has meant that
corruption of a motion expected to observe a playdaw
may be explained and forecasted by an other law.

Later on, the tendency was to find general laws to
include both basic laws and laws considered resplens
for corruption.

Isaac Newton (1642 — 1727) established new general
physical laws which were at the same time a resudt a
demonstration of the existence of a single teriegdsand
ethereal World.Newton included the law of graviatin
his “Mathematical Principles of Natural Philosophy”
(1687), together with the three principles of dyieanHe
proved that such principles, valid in terrestriabions,
when joining the theory of gravitation could explai
perfectly why planets followed Johann Kepler (1571-
1630)'s laws. As a result, Newton's “Mathematical
Principles” completely obliterated the Aristoteliayap
between the terrestrial and celestial worlds anzhemtly
eliminated astronomical corruption.

Joint consideration of the theory of universal getion
and the three principles of dynamics became exiseme
fruitful. The pairing could be applied to a studyacsingle
body revolving around a larger body, for instanee,
planet or a comet around the Sun. For examplep8#41
Newton demonstrated that the path of a planetdagten
by a force related to the inverse-square of digtamas an
ellipse. Newton also concluded that comets' patesew
parabolas, or extremely elongated ellipses, aténchse
of "Halley's Comet".

The coupling could be also applied to the studyhef
influence that a third body could produce on tHiptatal
path of a body orbiting around a major body.

and

This second direction of studies became extremely
productive in the 18th and 19th centuries. Thealiscy
of an eighth planet, Neptune, in 1846, made
independently by John Couch Adams (1819-1892) and
Urbain Jean Joseph Le Verrier (1811-1877), estaddis
that Newton's Physics definitely applied to plangeta
motion. The discovery originated from a reverse
application of Newton's analysis of a three-bodgtem.
Since it was observed that Uranus (fortuitouslgalered
in 1781) did not follow its predicted path, the ruts
course probably had to be influenced (“corruptda/the
gravitational attraction of an as-yet unknown elight
planet.The new Physics was the conceptual instrtmen
which became indispensable for solving many
astronomical problems and fight astronomical cdraump
Sometimes, these problems of eliminating corruptezh
to unsuspected results: for example, the discouéthe
planets Neptune (1846) and Pluto (1930). The pah w
opened for a new perception of the structure andrdéu
evolution of the Universe.

From this historical approach of corruption in Hbgs
the authors have drawn a few conclusions:

- corruption has cosmic origins and the term dextigg
it have been continous used in Physics since itgnsr
(Antiquity);

- corruption means alteration of a lawful behavior
because of an external influence;

- corruption may be generated by an external icldizi
influence, a tandem or a group influence;

- the external influence at the origin of corruptis also
subject to a law;

- corruption has its laws;

- the laws governing corruption may be discovetsd,
refining, extending or diversifying the research;

- an approach at a higher level of understandirght
describe simultaneously both the basic law andlaies
given rise to previously ,corrupted” behavior agaeds
the basic law;

- the new more general law may describe ,corrupted
behavior until a new kind of corruption (or a refthone,
or an inter-disciplinary one or a far range one) is
discovered and the cycle experimental corruption,
theoretical explanation, unification of corruptilaws and
basic laws restarts!

- corruption laws generate system structures organi
and acting (at least, partially) subject to cormplaws;

- corruption propagates from universal to locakley

2. SOME MODELS OF
EVERYDAY LIFE'S CORRUPTION

Because Physics has large spectra of models able to
describe social, political, economic, human, psyahi
biological phenomena, not only physical, chemicadl a
engineering ones, by analogy with Physics models,
Econophysics seems convenient to be applied torgine
deal with corruption.

By such opportunities, Econophysics is called gpgest
and/or develop models, laws, principles, methods,
structures and ways to control or fight corruption.

Econophysics may suggest how, where, when, in
connection with what, to find corruption dependofghe
type of the law to be broken by corruption, identif

CONTEMPORARY
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corruption which breaks laws, how to find the cption
laws, which kind of laws are contributing to infgie the
main law, what is the mechanism and the hierardhiie
laws and of the structures implied in facilitatingpible
corruption.

In opposition to Physics, where laws are objeatines,
natural ones, independent of humans, the sociad e
subjective, being generating by human groups or
individuals on behalf of the whole society refetred

The social corruption may be more versatile, refine
deep, extended, interdisciplinary, than the physica
corruption.

Corruption is facilitated by such law provisionsiauch
an institutional frame permitting incompetent orrropt
people to regulate corruption, starting from thghleist
level of the world society.

But there is the reversed opportunity, too, thatalse
the social laws, are being done by humans, the fawis
the human law-generators, might be under the contib
the society, not independent of it (like physiosdavhich
observe the principle of objectivity and are sdyial
independent).

This means that social corruption could be diffégen
mastered by society, than physical corruption ig, b
physicists, who can’t change physics laws).

The result on human control of social laws may bt n
only a decrease of corruption but, also, an inaeas
flourishing, an enlargement, a deepening, a difieasion
of corruption if those groups or individuals subjeely
generating social or economic laws and regulatiares
corrupted themselves as individuals or as a group o
incompetent or obeying orders from persons or ggoup
interested in generating a given kind of corruptifor a
given period of time, in a given region, concerniag
given activity.

As regards corruption in society, where the laws ar
subjective, generated by groups of individuals were
individuals in front of some powerful institutions:

- corruption frame, legal and institutional, may be
voluntarily created by groups or individuals intges in
promoting their private interests against genenarests;

- corruption is making profit of the incompetencwlér
corruption or subordination to corruption intereste
groups or individuals of those normally in chargké o
fighting corruption;

- corruption is facilitated by a superior law andiigher
level structural frame permitting corrupts to regal or
promote corruption at lower levels.

Some time ago, one of the authors has explained the

infringement of some financial rules in spite offfst
supervision [2] applying to a Quantum Mechanicangin
effect model. Such a model might explain the nolynal
unexplained capture of wealth by some individuals o
groups in a not wealthy society. That model fite ofi the
approaches of Econophysics foreseen by the authors
dealing with corruption: to find a Physics model to
explain a chosen type of social, politic or ecormmi
corruption.

Another possible approach is a reverse applicatfdhe
first approach: Econophysics, is not to start frasocial,
political or economic phenomenon and to find a nhanle
Physics for it, but to start from an existing Plegsinodel,

or law or method and to find social, political @oaomic,
a.s.0. phenomena where this Physics model, lanhadet
fit successfully.

To this approach, there is devoted the rest ofptqeer,
based on a few examples.

A first example of this suggested approach is tplap
the Newton’saction-reaction, third, law of Mechanics:

.The mutual forces of action and reaction
between two bodies are equal, opposite and cotlinea
This means that whenever a first body exerts aeférc
(action) on a second body, the second body exddeca
—F (reaction) on the first bodyr and -F are equal in
magnitude and opposite in direction”.

It is essential to understand that the reactiorieppo
another body that the one on which the action fitsel
applies, at the same instant.

Simultaneity of action and reaction with the imgdlie
time constant is to be understood within the timastant
corresponding to the preservation of the stabihifythe
concerned system.

The same is valid for the momenta of forces widpest
to a point and for other interactions.

The action-reaction laws are the result of condema
laws, to ensure the stability of a system in itishary
evolution within an inertial frame, not subjected t
external forces or momenta or other actions, duihgh
evolution a certain quantity characteristic to thbole
system is preserved. Stability is ensured by aetion
reaction law for the different kinds of actionst naly for
mechanical type ones.

The physical nature of the reaction force is id=itio
that of the action itself: if the action is duediavity, the
reaction is also due to gravity. This has corresigoce
in other domains, f. e.: if the action means expens
(money) the reaction would mean income (moneythef
action means more rights, the reaction would mearem
obligations, if the action means larger immunityr fo
smaller responsibility, reaction would mean lesmumity
for larger responsibility.

To Physics action-reaction law do correspond maoty n
physical phenomena. They might have some
characteristics a little different from those oé thhysics
law of action - reaction.

To Physics action — reaction law might correspond
causality.Causality is the relationship between an event
(the caus@ and a second event (thdfec), where the
second event is a consequence of the first, irspleeial
situation when antecedence (which usually postsiltitat
the cause must be prior to, or at least simultaseuith,
the effect) is reduced to simultaneity, understcasl
before.

Though cause and effect are typically related t®nes;
candidates quantities in Econophysics include dbjec
resources, processes, properties, variables, fagtss,
states of affairs. The characterizing of the chusa
relationship may be the subject of much debateaithe
case.

Contiguity in causality, postulating that cause and effect
must be in spatial contact or connected by a clodin
intermediate things in contact (Born, 1949), is aw/
implied.
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Karma in Indian religions treated in Hindu, Jain,
Buddhist and Sikh philosophies, means "deed" ot""ac
and more broadly names the universal principleaafse
and effect, action and reaction that governs &l [The
effects experienced are also able to be mitigatgd b
actions and are not necessarily fated. A particatdion
now is not binding to some particular, pre-deteedin
future experience or reaction; it is not a simplae-to-
one correspondence of reward or of punishment.

Karma is the belief that a person's actions caesmino
effects in the current life and/or in future lifggsitively or
negatively.

According to the Vedas, if one sows goodness, aile w
reap goodness; if one sows evil, one will reap. éddlrma
refers to the totality of our actions and their comitant
reactions in this and previous lives, all of which
determines our future.

The conquest of karma lies in intelligent actiord an
dispassionate response.

In Theosophy, karma is affiliated with the Neopatzam
of return or Threefold Lawthe idea that the beneficial or
harmful effects one has on the world will return to
oneself. Colloquially this may be summed up as twha
goes around comes around.'

Hegel's dialectic principle of unity and conflictf o
opposites (contraries) stated in his “Science dafitbis
an other example of the validity of Physics actieaction
law in the world at large, not restricted to phgsiworld.

This law was seen by Hegel as the central featfiee o
dialectical understanding of things and origindtem the
ancient lonian philosopher Heraclitus from Efes.

The general Hegelian principle of philosophy ofttuiyg,
that is the development of the thesis into its thesis
which, by the Aufhebung (“synthesis”), may be also
connected with Physics action-reaction law. The
Aufhebungconserves the thesis and the antithesis and

transcends them both. The demand and supply and the

demand and offer laws in economics [3] are exanofle
action-reaction type laws.

In the theories on Law, the rights are always
accompanied and conditioned by obligations [4]. The
reverse allegation is also valid.

The fraud on law is a standard doctrine in most
jurisdictions: in France, it is termeffaude a la loj in
Spain, fraude de ley in Italy, violazione di norme di
legge in Germany, Rechtswidrige Umgehung eines
Gesetzes, in Romania Frauda la legiereflects the need
for governments to prevent their citizens from
intentionally and improperly manipulating their laefor
(using other law provisions) to prevent mandatory
provisions in the law from applying to them, thatans
for using their rights to elude their obligatiotisat means
to infringe the action-reaction law.

As the translated names necessarily imply, thei&keyn
intention to displace the normal operation of tlegal
system, from a balance between rights and obligatio
towards predominance of rights used to elude ndymal
corresponding obligations. Sometimes, this intentiall
be express. On other occasions, it will be fordberts to
decide whether a sufficient intention can be imgute
Once the intention is established, the evasive mare

will be void and the normal legal provisions wipy to
the parties.

The observation of the action-reaction law iglemt
in the major part of provisions of the Constitutiof
Romania [5], for example, Art. 57: ,Romanian citize
foreign citizens, and stateless persons shall esestbeir
constitutional rights and freedoms in good faitlithaut
any infringement of the rights and liberties ofarty.

Another example: in the Article 138 (5) there is
provided that ,No budget expenditure shall be appdo
unless its financing source has been establisfgd” |

But, in spite of this constitutional provision, tigtate
Budget Deficit has continuously increased in thet la
years, including the first trimester of 2010 ye#hne
Government being obliged not to infringe existing,
previously passed laws which regulate unsustainable
social expenses and salaries. Therefore, the A8&(5)
have been infringed by other laws, previously padse
Parliament, by ,fraud on law”.

The solution for the Government would be to amend
those laws generating corruption, through the
infringement of the provisions of Art. 138(5) ofeth
Constitution of Romania.

This is regarding the reduction of
corruption created in the past.

For the future, there seems necessary, as regards
legislation procedures, to improve the legislation
regulations leading to the passage of laws ini&adnt
or of adopting Ordinances by the Government or of
issuing institutional advices and reports and tréase
the responsibility of all legislators, including eth
Parliament members which, must decide in the fafor
public interest (Art. 69(1) “In the exercise difetr
mandate Deputies and Senators shall be in thecseofi
the people”), but not in the private interests ofme
individuals or groups, deeply interested to be fadp as
have been accused sometimes.

The legislators are protected when taken theirsitats
by the provision of Art. 72(1) ,No Deputy or Senato
shall be held judicially accountable for the votast or
the political opinions expressed while exercisimgpirt
office” but they are under the political control die
people, at poles, once in 4 years.

As regards the Government, it is under the contisuo
control of the Parliament: Art. 109 (1) ,The Goverent
is politically responsible for its entire activignly before
Parliament. Each member of the Government is pallti
and jointly liable with the other members for thetiaty
and acts of the Government”.

An analysis of the Constitutional content, at i&sxmn
Revision, from the point of view of action-reactitaw
(balance of rights and obligations) seems necessary

An other typical example of breaking action-reaati
law is offered by the requests of the represergatiof
some groups on behalf of those groups to gain gian
and other gains without offering society nothingéturn
for their demands or at least by indicating wheoarf to
take the supplementary required resources,. Onéd cou
mention, f. e., trade unions, which ask increassddries
without indicating the source of the new demandedi$
(where to diminish spending) or what they offer to
increase revenues of the patronage (including the)5-

opportunitfes
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for example, the unions do not ensure the upgraalirige
training of their union members with regards the aSIT
technologies or of the contemporary standards afityy

or of international languages. The same is valid fo
political parties which, during electoral extended
campaigns,to gain votes, do demand uncovered baryget
future expenses, which lead to future chronic Jatdget
Deficits.

Another example of a useful Physics tool in modglin
some aspects of politico-economical lifeDgmensional
Calculus.

The authors shall apply Dimensional Calculus irs thi
paper to appreciate the fairness of the formulaeently
used for calculating State Budget Deficit, showafew
possible frequent errors introduced to corrupt jgubl
opinion perception about the state of the Budgdicide

In defining of the State Budget Deficih, there are
being used the following quantities: government
revenuesR and government spending, but, frequently
and the gross domestic product, GDP, here, shortly
denoted byp.

Defined as an absolute quantiB,, the absolute deficit
is equal to:

D,=E-R, (1)

The quantitiesR, E, D, are expressed as absolute (not
relative) quantities, having the identical dimemsio
expressions:

[R]=[E] = [Dg] = VIT, )

whereV and T the symbols of the dimensions of the
chosen monetary unit and of time, respectively.

The Principle of Equality requires keeping the refee
unchanged. The condition of dimensional homogeneity
has to be observed for each equation and for esxah t
The mentioned quantities have the same dimensional
equation, the revenue, spending and the deficie, ar
referring to the same State Budget components.
Therefore, they must be expressed in the samenmyrre
unit, per the same time interval, for the same enoa
system, f.e. in Euro/year, RON/trimester, includitg
same components, for whole Romania. Generallyether
must be valid the equations:

{R}={E}={Dd}, 3

A frequent error may be not to keep the 4k} of the
monetary dimensiorV as a constant and to compare
values of each one of these quantiti&or E or D,, for
different equal periods of time, but by using eli€nt,
currencies, at different instants, f. e Euro/yhet end of
2010 compared with RON/y at the end of 2009, witho
mentioning the chosen currencies and the evolutibn
their exchange rate (i. e. Euro/RON), during thierival
of time implied.

Another dimensional error would be to compare each
one of these quantitie’® or E or D,, as absolute values
but for different time intervals, in spite of usitlge same
currencies.

For example there is compared the absolute State
Budget Deficit on the first semester of 2010 widh for
the whole 2009, with an false optimistic conclusion
politicians and media, unaware of the trick.

Another possible dimensional error is to compare th
quantitiesR, E, D,, at different instants, by using different
methodology of computing them, not the same one.

The State Budget Deficit may be defined, besides
absolutely, as a relative quantitr, expressed as the
percentage from the revenur,

Dr=D,/R. 4)

More frequently, the relative deficit is expressesDp ,

a percentag®, of the gross domestic produkt;
Dp=D,/P. (5)

An other dimensional error in operating with rialat
Budget deficit is that referring the absolute buddgficit
for a trimester to the gross domestic prod&gt,for the
whole year Dy, , in which case the relative deficit seems
to be, relatively, 4 times smaller than the actgarect
figure relative toP when observing the condition of
homogeneity in Dimensional Calculus.

The definition of the relative state budget defisith
respect to Gross Domestic Produddy, is preferred by
politicians and international institutions like énbational
Monetary Fund, World Bank a. s. o., but, from a
dimensional point of view, it is a rather unhappy
definiton and practice because the quantities:
government revenu®, government spending, on one
side and respectively the gross domestic proBuon the
other side, dimensionally represent different typds
economical quantities. Simply speaking, the whole
revenueR may be spent by the government, but not the
whole domestic produck.

To better realize this essential dimensional disiom
between the definitions (4) and respectively (5)tloé
relative deficit, let exemplify by the situation Romania
reported for the whole year 2009.

The ,Budget State Deficit” was reported and largely
used as being equal to ~ 8.3 %.

Looking at the detailed economical figures one ey
that the report was about:

- a relative deficit, not about the absolute défici

Da=E - R(1);

- a relative deficit computed by dividing the alute
deficit D, = E — R, toP, that means as percentage of the
gross domestic produd®;

Dp =D,/ P. (5)

From this definition it would result that thereéaough
to splash state spending with 8.3 % to escapeeoSthte
Budget Deficit.

The correct dimensional approach had would been to
useDg , the relative State Budget Deficit, as a peragmta
of D, from the government revenuR, quantities which
have the same dimension and may be divided to affer
correct percentage:

Dr=D./R, 4)

Dr is larger thanDp, as much aPR is larger tharR.

- The figures for theR/P vary between 31% and 32%
(with  or respectively, without progressive taxes).
Considering as acceptable for the computations tene
a R/P value of approximately 1/3 (the revenRebeing
approximately only one third of the gross domestic
product,P), the relative State Budget Deficit expressed as
percentage oR, Dy, is equal to:

Dr=~3*8.3% =~ 25 %.
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Therefore Dp, the relative state budget deficit expressed
as percentage d?, seems 3 times smaller th&y and
possibly, that is whyDp is preferred by politicians,
becaus®p is not so impressive for the laymen.

This figure of 25% of the relative deficit beingual
approximately to a quarter of the revenue is the
significant one by itself and exactly it has beeedi by
the Romanian Government and the I. M. F., WorldkBan
and E. U. when actualizing the loan agreement lier t
second semester of 2010.

The payments are to be done on condition that R@ma
slashes public spending and boosts tax revenweatdra
Dr= ~25%

Firstly, it was convened to slash Government spendi
by diminishing all salaries of the public emplogepaid
from the State Budget, by a quarter, 25% , apdraof
the social expenses, the pensions, with only 15 %.

Clearly, this had not been enough as shown by our
econophysical dimensional reasoning. It would hadnb
necessary to reduce all kinds of expenses with 25 %
including all pensions, all social aid, all bouses|
spending on goods and services and all investment
spending of the Government. This has not been
advertised, may be, because of possible political
consequences of the social unhappiness generataachy
information.

More, the Constitutional Court of Romania invalietht
the law providing for reducing pensions.

Therefore, to comply with the law of action-reaantio
the Government has had to increase, on the spot, it
revenues to cover the failed proposed slash oferesgs
by equally reducing with 15% all pensions.

As a consequence, the Government has decided to
increase revenues, by increasing the Value Added Ta
from 19 % to 24 % from the added value in economy.
That means, again by increasing VAT relatively with
itself, with approximately a quarter (with 5%, frob®%
of the added value, that meaning 5/19 = 26.3% ef th
initial value of 19%).

Again, this increase of revenue is not enough qsired
by the action-reaction law. It is possible thatréhevould
be necessary to: further drastically reduce exgmems
goods and services and the number of state em@dyee
these reductions are not enough, because sociahsep
are ~ 46 % of the revenue.

There seems necessary to more boost revenues, by:

generalizing and eventually increasing the genpalon
every kind of income from the present 16%, incresmase
add many other taxes. Austerity measures mightdtecl
rising the retirement age, cracking down on taxs@ra
and ending public sector bonuses.

The exact steps are to be chosen following numlerica
simulations of different possible measures too diestt,
by modeling their correlations, too. There is toalveided
that the harsh measures trigger series of solutmins
public sector strikes and eventually violence angdtreets
(like it has happened in Greece), by taking gradual
measures to allow social acceptance.

By its success in getting the IMF loan, Romania has
gained a vote of confidence for the measures takethe
government. Romania has an open window to exitsgris
which may influence financial markets and this t@age

honored. Payments are to be done on condition that
Romania slashes public spending and boosts taxueve

Measures to encourage development by attracting
investment local and foreign and E. U. Funds, asibks
to Romania (insufficiently applied for until now)eato be
taken.An other example of a possible application arf
other Physics tool in socio-economic life apdysics
common procedures in processing the errors on
experimental data.

Such procedures might be used in improving therobnt
of public expenditures when selecting a winner ptiblic
auction for services or goods or for public-private
partnership investments, by changing the current
regulations, to observe common procedures in psitgs
the errors on experimental data.

Let us suppose that the price offered by a comparsy
Px and the price offered by the next ranked competing
companyy, is Py , for the same package of goods and
services in their offer, in the bid concerned. If

Py <Py (6)
and
Py - Px=APyx | (7)
the selected company would Beand the agreed price
Px.

The corruption in the public authorities allottigd
implementing contracts is possible because thdegally
permitted a later increase in the price invoicetbéqpaid,
without a new auction, just by agreement of theli@ap
parties. This increase might not be only a fevcpetages
from the settled price but even a few times theahprice
(media examples of 10 times larger are quoted!).

Knowing that possibility and based on relatively
frequent leakage of information during offer tinthe
favored companX may offer a slightly diminished price
than Y company, to be sure that it ,legally” gains the
auction. Later on, the pricBy is increased much more
over Py, by corrupted bilateral agreement only, not being
compulsory that the increase of price be subjetted
third party control.

The possible actions to reduce corruption when
auctioning pubic expenses would be:

- to provide for, in the public auctions law or tine
auction rules on the bid, that the price is firfor (the
engaged services or supplies), could not be ineckaad
the risks belong to the company or less tighteast:

- to provide for in the auction law that followimagpublic
auction, the final price invoiced and paid couldt e
increased by a supplementary agreement between the
parties, at an amount larger tha®yx, the difference
between the prices demanded by firstly and therglgo
ranked competitors.

The solution proposed by the Government to impose a
limit on the relative increase of the price, during
implementation of the contract, limited to 50%:

APyy | Py < 50% , (8)
marks a progress, but also keeps encouraging ¢amnup
and supposes that the estimated profit of the wjnne
hidden in its offer be ~50%.

By referring to public perception of the high lewd
corruption in allotting public expenses on goodsl an
services, a 25% reduction on public spending ati@ns;
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by legally introducing the above proposed limitatio
seems quite possible.

3. CONCLUSIONS

The examples of applying Physics tools and
emphasizing corruption on socio-economic laws simil
to the action-reaction principle, dimensional chaisuand
processing of errors methodology in Physics, argetha
upon middle school and bachelor compulsory curicul
and the application of the Physics models impliedi@
be done by every manager, politician or media man.

Physics may guide them to think about their own
concept of the phenomenon considered and therecigall
it, measure it and see if it connects. ,Sometimeary
physical intuition may not be exactly right...It téas
you to think beyond ‘the normal’ ...and ask what dtres
physics tell you?” [ Feynman].
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