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Abstract

For the economic sciences, mainly for the planrang organization
disciplines, the models display a range of vargetid-or the last decades,
though, the mathematics-based models seem to beetitk partly because
of their ability to rigorously concentrate the essals and also to be
programmed via the computer-based techniques, thesting together an
unheard of instrument of scientific investigatianesourceful ,extension’ of
human intelligence.

The article herein presents certain medium-termgpasis, via the
dynamic modelling, elements of bifurcation theond ahe Xpp software.
The case study has been the object of a reseamnaco with the business
environment
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1. Forecasting by dynamic models

There is a similarity between the telescopes thdemvour horizon without
necessarily invalidating the previous discoveries the close universe and
mathematics that imparts new landscapes, whils #violving from the current
existence. Perspectives may change but not ttiestru

The new theories discover the change reality ogegna Time is no longer
the reiteration of certain identical things, butbmes the carrier for differences.
This means that the state of a system, at a cqutint in time, is not included in
its previous state, but there is a qualitative jubetween two states.The sudden
transitions, the ,catastrophic’ bifurcations do wetur in an uncertain manner. On
the contrary, they derive from the conjunction afaltitude of factors that push
the system in a specific direction and not in aaptine.

The dynamic models follow to highlight the temporalations.The model
operates with events and states that express the ehan attribute identifying the
events occurence. The databases will help buildiagrams of transition of the
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states that indicate all the operations that aeeifip to each type of object and
relevant class.

As the research facilities fluctuate, the econoimstudies have shifted from
analysing the intervals to the dynamic models thay be studied via the latest
theories.

The model, as an instrument of scientific knowledigeused in multiple
theoretical and practical disciplines. The knowlkedterived from working with
models and the attempt to implement them may unfaldable concepts related to
a certain issue and to the types of decisions deam necessary. The simple
recognition of the decision areas may be a majogneiss in many circumstances.
Plus, using the models, there may come a recognitidhe variables that may be
controlled to influence the system performance rétevant costs and their size, as
well as the connection between costs and varialites ding the options for
important costs.

There is also a large number of factors that magcafthe success
opportunity within modelling. Some of them depend the environment
conditions, others on the modelling process managemnd still some more are
associated with the nature of the model to be aedie

The modelling of an economic process is a scemifgans of finding the
decisive factors that may intervene within the mimanon. In order to set the
importance level of such factors for the processss imperative to insert the most
significant of them into the already built model such a way to allow the
mathematical conduct for them to be quantified tiamg possible.

Starting from the idea that any model is basedeahdata and parameters, it
becomes crucial the fact to obtain trustworthy datt will allow a convenient
representation of the reality via the model. Thhs,cyclical or periodical nature
of the phenomenon is being studied, as case magldigg with the time horizon it
is referring to.

The dynamic modelling is based on the fact thaystesn performing is
represented by the knowledge of the interaction rgmibhe information flows,
commands, human and material resources, etc. Andgnmodel shows the
behaviour of the complex systems, making apparenttheir structure triggers the
path and the behaviour in time.

The implementation of the dynamic models is maialysimulation drill.
Whether someone studies the cyclical behaviouralteenative strategies, history
interpretation, the evaluation of the model errorsaanything else, the numerical
simulation is the best instrument for them. Far #mall or the liniar systems,
many questions may be directly answered to, somestimcluding mathematical
expressions; thus, for the general cases, maintthélarge size systems today, the
numerical simulation is the only method to be usidvertheless, only one type of
model simulation is considered as the ,queen’ efrthi.e. forecasting (Popescu I.,
Ungureanu L., 2003).
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2. The presentation of the company

The Statia de utilaje pentru Constructii si Productie Industriala — SA
company has over 40 years of experience in conaretrufacturing, mortar,
mineral units for pit ballast, metallic products alf kinds, furniture of double
melaminated plywood and carpentry works and alsoainrental — construction
equipment. The company, due to the quality manageémolicy, of the technical
rigging and to the best quality products and sesjitias become one of the first
suppliers for products and services on the ciuilstauctions market, industrial and
rod infrastructure in Craiova city and Dolj County.

Financial Turnover Profit
year (RON) Chert (RON)

2008 13475976 260 528 gy 186
2007 10825579 mmmmmm 3090 358 gy 166
2006 10 146 632 203 666 gy 173
2005 6708331 NN 163 344 gy 166

Chart Employees

3. The extrapolation method

Extrapolation is an explorative method and the maigtely used in the
quantitative forecasting. It consists in an irs@rtdlevelopment of certain elements
of the processes and phenomena where the futur@sshs an argumented
extension of the present. The anterior evolutionaoprocess — if there is an
upholding of the conditions that have given a @ertdynamics, conditioned by
certain elements saving themselves or presentirgrefuvariations that are
predictable — will equivocally trigger the futurevélopment of this process itself.

In other words, within this method, the future skoas an extension of the
evolution monitored in the past. It is assumed ttare will not be any
fundamental mutations in the evolution of the phmeanon under study that would
modify the structure of the precedent evolution. this context, the use of
extrapolation is recommended in the forecastinthefphenomena that keep their
development pace and direction for a longer pesidime. This method provides
only an orientative image upon the future, a redeowhich other methods should
be used simultaneously.

The analytical extrapolation starts from a seriedada, i.e. from a series of
values in the dynamic series; these data are hmimgessed during the dynamic
series analysis and, based on this analysis, theefoehaviour of the phenomenon
IS being estimated (the phenomenon described byatresponding series).

In a nutshell, it is based on the models of préaafictheory within the
dynamic series (a chain of data that are derivedh fmonitoring the quantitative
features of a monitoring unit, during certain sistéee moments).
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The extrapolation itself includes: the forecastfighe values in the parameters
that interfere with the analytical expression @& turve describing the phenomenon —
via economic and mathematical methods, as welyasdsoning or even analogies,
the reporting of the present level of the phenomeandhe corresponding chart and
the identification of the value present in the thiwe calculation of the values for the
future (with some corrections), by using the curvihe process.

Thus, the method gives an overview upon the stafusvolution of the
phenomenon under study. This overview has to Herwards, well defined,
corrected, supported with other methods. Themglaaganalysis of the phenomenon
will be carried out: after that, the laws governihg variable of the phenomenon will
be set up and, thus, the essence of the phenonesodution will be grasped and
correlations and hypotheses of the future evolutittirbe represented.

Together, we will go through the following stagethe graphic
representation of the seriesand the calculation of the mathematical functioat t
approximates the best the capital evolution.
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Fig. 1.Graphic representation of the series

According to the graphic representation, the eimiutf this indicator is not well
defined, thus we have to turn to calculation.eéiras that the closest forms might be:
— a parabolic trend such as:

y = a+Dbt+ct?
— a Tornqvist function-like trend:
t—c
y=bt——
t+a
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We will be approaching each trend in itself andwi# consider correct the
only one where the sum of the deviation betweerrghévalues and the adjusted

values is minimum:
a) the parabolic trend below:

y=a+bt+ct?

The parameterg, b and c¢ will be determined by using the smallesiasg
method, where we obtain the following set of ecuresi

na+bd t+c) t?=>"y
ay t+by t?+c) P => vt
ay t?+by t*+cy t* =) yt?

The auxiliary calculation table will be:

Years y t t2 t* t? y
2004 872746 -2 4 16 3490984
2005 -75151 -1 1 1 -75151
2006 88192 0 0 0 0
2007 312507 1 1 1 312507
2008 630865 2 4 16 2523460
Total 1829159 0 10 34 6251800

In order to solve the system, we have the requimanEt =0 and, then,
the system becomes:

na+c) t?=>"y

bY t? => "yt

ay t?+c) tt =) yt?
The solution is:

a=-67614408
b =35565
c=2064138B57

The parabolic function reads like below:
y = 206413,85(7+35565-67614,408, and its graph is
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b) Torngvist function-like trend, in the form of:
t—-c
y=bt——
t+a
The transform of this function is
y(t+a)=btlt-c) = yt+ya=bt*-cht

yt=bt* —ay-dt|:it = y=bt—a?y—d

And the system of equations to determina andd:
S y:bZt—aZTy—nd
doyt=bY t?-ad y>'t
2 2
> =byy-ay Y -dy Y

The resultsa, bandd; C=—.

d

cbh



The calculation chart will be:

Years y t | t? y/t y? It y?/t? y?
2004 -0.075151 | 1 1 -0.075151 | 5647.672| 5647.672 | 5647.672
2005 0.088192 | 2 4 0.044096 | 3888.914 | 1944.452 | 7777.828
2006 0.312507 | 3 9 0.104169 | 32553.541| 10851.180 | 97660.625
2007 0.630865 | 4 16 0.157716 | 9949.766 | 24874.415| 397990.65
2008 0.891392 | 5 25 0.178278 | 158915.94| 31783.188 | 794579.69
Total 1.847805 0 10 34 300503.T4 65334.843

By replacing in the system and solving them, weehav

a=-046
b= 028
c= 064
The final function has the following form:
-0 28tt - 064
t-0.46

To select between the two variants of the besttfomcwe will calculate the

sum of the deviation in absolute value betweenr¢héand the adjusted values and

will choose the function with a minumum value,:i.e.
>Jy-Yi=min

The deviations are calculated in the table below:

appropriate for adjusting the series.

Torngvist Parabolic
Years Initial data trend trend
‘y_Y1‘ ‘y_Yz‘
1 -0.075151 0.01 0.01
2 0.088192 0.1 0.1
3 0.312507 0.23 0.53
4 0.630865 0.14 0.94
5 0.891392 0.45 1.36
Total 0.92 2.94

Since 0.92 <2.94, it means that thérngvist function is the most
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The forecasting of the capital value, based onftimstion, is:

8-064 o
= 028*8————=2.186mil lei
Yaouo 8-0.46

Vo011 = 2466 mil lei
Yooro = 2.747mil lei | etc.

The mean square deviation is:

o= (y; -v,)? \/o.of +0.1% +0.23% + 0.14% + 0.45% _
5 5

=+/0.05702= 0.238788 mil.lei

and we may state the limits of the forecast validde:

Y, =Vt L

Jn

4. Dynamic modelling

From an econometric perspective, the classical laptased on continuity,
linearity and stability have proven inadequate ¢ dble to represent economic
phenomena and processes of a higher complexityrédearchers are compelled to
dynamically follow-up these processes, to studytirentitative changes that occur
between the involved economic values, as well asréisults derived from them.
Besides other features, the mathematical modetsvathe introduction of an
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iIsomorphism between the real and ideal economitesysrepresented by the
model. Thus, it becomes possible to approach tistable behaviour of the non-
linear economic systems, underlining more often the linearity and stability are
actually particular cases of the economic evolution

The modelling consists in building a representatidna variable fidelity
degree for the real world or for a part of it. Tiederstanding of the phenomenon
or the reality segment under scrutiny, the deeparedge as well as the action
upon the phenomenon above motivate the rationing tumm to such
representations. The most widely used languagesisndthematical one.The use of
the mathematical modelling helps to fundament asdecin efficiency conditions,
giving the opportunity to think faster and betteithout harming reality.

Starting from the idea that any model is basedeahdata and parameters, it
becomes crucial the fact to obtain reliable datat till allow a convenient
representation of the reality via the model. Thhbs,ayclical or periodical nature of
the phenomenon is being studied, as case maydrgy walith the time horizon it is
referring to.

The non-liniarity of the evolution of a quite largember of phenomena in
Physics, Biology, Ecology and Economy has led tapsig some modern and
structured sciences, which are trying to approaohgceptualize and use another
face of the reality, more fluctuant and dynamicucl® sciences are the result of
integrating some models, theories and solving teecl®s of the non-linear,
differential equations, of a change in perspedting generate new starting points
for better understanding the phenomena hereihelhtodels are adequate, then the
knowledge of their solutions will help us deduce tehaviour of the modelled
phenomena. Even if every non-linear model hasws theory, they share some
features, their strange behaviour of their solitidvas a correspondent in the
modelled phenomenon aspect. The fact that thisvilmltahas not been pointed
out, it is because the complexity of the non-linesaued, which systematic study
started only a few decades ago.

The dynamic modelling is based on the fact thatofieration of a system is
represented by knowledge in the interactions antbegnformation flows, orders,
human and material resources, etc. A dynamic moajglres the behaviour of the
complex systems, highlighting the way how theirusture determines the
trajectory and the behaviour in time.

The emergence of the non-linear dynamic theory lk#lewed the
understanding and development of certain processisnethods that will bring us
closer to the phenomenon in reality. The develogroéthe singularity theory and
the bifurcation theory has completed the multitofleneans that we have in order
to analyze and represent more and more complex ndgea providing the
possibility to examine certain systems that wer@icdit, if not impossible, to
approach by traditional methods.The study of the-limear dynamics is of a great
interest, since the economic systems are non-linjaexcellence. Many of them
include multiple discontinuities and an inhererdtatbility, as they are constantly
subject to external and internal shocks and peatios.
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For small values of parameters, visible changeth@fvariables may occur,
i.e. bifurcations emerge that will steer the systerather trajectories.

The theory of bifurcation is a step forward, duehi® fact that it owns a well-
defined mathematical apparatus, which studies thetlexistence and the stability of
the balance solutions, since an unstable balareenay not be noticed in reality.

Generally speaking, the models of economic growdblaén the increase in
products and income, thanks to the joint contrdoutof two production factors:
capital (K) and labor (L). This increase dynamixspace depends, on the one
hand, on the capital and investments accumulatite + hence, the K increase —
and, on the other hand, by the technical progresscl allows to reduce the L
percentage, as a result of the labor productivitrdase). We will be exploring
only one of the economic system models, its replyhe variations of the model
data, of the parameters. By means of the datatstaes, diagrams of transitions
will be drawn for the states that point out toth# operations specific to each type
of object and relevant class.

4.1.The mathematical model

Among all the models that govern the evolutiont® €conomic processes,
we will take a look at one that consists in a Cgugtoblem for a system of two
ordinary first order differential equations in akdeld. It describes the evolution
of the capital in a company and of the workforoslaed in it.

Let's say thatK, is the capital at the time and L, the workforce (number
of the employed people). Then, the company turnagery, given by the
production functiony, = F(K,,L,).

The capital evolution is the function of the compaevelopment policy, by
the income interests meant for investmerfts; J,) 7z, , where 77, is the net profit

derived in the yeat, a profit that may be entirely or partially distied to the
development, i.e. the amount left after the compatakeholders cover the

dividends, in a percentagé,. Consequently,d,77, is the dividends mass and
(L-9,)m, is the volume left for investments. By takingargccount the capital
depreciation with the average coefficieaf and by the income derived from the

liquidation of the fading out assets to the fairrency valuel,, the mathematical

model of the company development thus results, eviiee basic equation of the
capital evolution is below:

K(t) = (1- 8,75 - 4, A~ A)K,

We have ), the growth rate of capital, expressed as a peagentSince
T, = ), Y,, theresult is

K(t) =y, - 8)F (K., L) - 4 A= A)K,
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We will also suppose that the variation of the viorge is

L(t) =a,K, +a,L, —a,

and the company is characterized by a Cobb-Dougladuction function type
equation,y, = AK“L? . Should we consider that the production growtstienger

than the increase of the other factors, as a reduthe efficiency increase (a
characteristic fact for the more dynamic activitglds), i.e. a production with a
growing physical outcomea(+ £ >1), we can consider the particular situation
y, = AK’L.

In this context, we will have the following systerhequations:

K = Ay, L= 8)K’L =4 L= A)K,

. 1)
L=aK+a,L-aq,.

For this system,K and L:R - R are unknown functions that depend on the
independent variable (time).
We have the simplifying hypothesis regarding thensistency of the

coefficients in (1) and obtaira = Ay, 1-9,), b=—1, 1-A,).
In light of the above, the evolution of the compangapital is governed by
the Cauchy probleid (0) = K, L(0) = L, for the system:

K = aK 2L +bK,

. (2)
L=aK+a,L-a,.

While changing the variablex= 8, K, y=g,L, where §,, 5, #0 and
B=ala, B, =1a, if a,#0 anda, # 0, (2) thus becomes

x=cxly+b
XECCYTDS (3)
y=x+a,y-1

where c = aag /a,. In this context, the equations include only thpagameters,

b, c and a,. This reduction will trigger, in the economic are¢le highlight of
certain expression, functions of primary econongicameters, which interfere with
the capital and workforce evolution in a compafhus, the same value of a new
parameter corresponds to a large variety of vaduéhe old economic parameters,
which will obtain classes of equivalent economiaations.
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4.2.Capital evolution

This model shows a Cobb-Douglas type productionctian, with non-
complementary elasticity coefficients, and a suggatput of the population.

For the company under scrutiny, the capital deptieei does not occur, so
the average coefficient is zero u=0, the dividecwserage share of the company
stockholders i$=50%, the net profit percentage in the turnovey=4% and the
income derived from the liquidation of the deprésibassets have the fair currency
value 1=0.6 millei. The initial data for the year of 2006re
K,=0892 L, =173, Y, = 136.

By replacing these numerical data in the model, wi¢ have b=0. For
a =0.1, we will have the parameter c variable andysthe evolution of capita.

1. ¢>0. Here, in this context of balance of theteys there is an unstable
point, saddle type. Starting from the initial date beginning interval sees a slow
increase, which reaches then 15 mil.lei.

K2 ws Kl

2. 0<c<-1/4. Here, the balance point is an atvadtnot, where the capital
has a calm state, and then it asymptotically gowsuids 30 mil.lei.

M A W R T
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3. c<-1/4. For this case, we notice a slow increafsthe capital, then a
short time of prosperity. Simultaneously, the worke registers a very small
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growth. A crisis is possible, which may lead toagpital decrease, to bankruptcy
(negative values).

The next chart shows the diagram of the dynamiartéttion related to the
system in use.

5.Conclusions

In the long-term, the company has not registerecethergence of a crisis, of
a steep decrease to lead to bankcrupcy or to nealssioffs of the workforce.

It is possible that, at one point in time, to hae economic activity
stagnates and the production continuously slow dangh unemployment rise. A
reduction in the volume of the current productiat take place.

The refreshing of the economic activity is clodétied to the renewal of the
fixed capital, mainly its assets, leading to thecemding of the determined
minimum value. The revigoration of the economiciuist in the investment
process, in building new capacities and refreshimg current ones, fuels the
demand for the production means.

As a conclusion, the company will be characterizgd general increase of
the income. In such context, more and more favderddusiness is getting better,
with a perspective of consolidation. An investmgrticess may be initiated, which
will help update the current production abilitiesdacreate new ones. The process
triggered by the surging demand for consumptiondgas the decisive factor of
production increase and of the employment percentag

The economic forecasting has a theoretical andtipeh finality only by
using modern, competitive methods of analysis amhtfication, able to catch the
essence of the economic phenomena and processgsex@mined, to realistically
evaluate their size, their future trends, as theyim an inter-conditioning relation
with various factors.

Generally speaking, the more complex the actwitee, the greater the
need is for planning, search for strategies anchdbiand systematic actions. The
economic field presents a high degree of unceptaimhere planning is essential
for lowering it.

In a nutshell, the drafting of strategies in thisld involves a clear and
systematic structuring of the methods used to rehehdesired objectives, via a
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correct distribution of the resources, long- orrsterm. Any action in this area
should take into account the most important aspefgiéanning, i.s. the familiarity
with the product and with the consumer needs, asdécisional act represents a
compromise between objectives and restrictions.’
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