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NETRADICNY POHIAD NA PROGNOZOVANIE

EKONOMICKYCH PROCESOV

ANOTHER PERSPECTIVE ON THE FORECASTING OF ECONOMIC PROCESSES

Prispevok je zamerany na vyuzitie metod znamych z tedrie dyna-
mickych systémov pri rieseni iiloh prognézovania ekonomickych pro-
cesov. Moznost vyuZitia niektorych teoretickych metod v oblasti
prognozy je demonstrovand na priklade predikcie vyvoja kurzu
USD/SK.

Uvod

Pri analyze, modelovani a prognozovani ekonomickych pro-
cesov sa v sucasnosti stretdvame s roznymi metodami, ktoré vy-
uZzivaji matematicko-Statistické metody, ekonometrické postupy
a systémovy pristup. Na vac¢sinu socialno-ekonomickych procesov
sa mOzZeme pozerat ako na deje, ktoré sa odohravaju v systémoch
najroznejsich vlastnosti, pricom sa vyznacuju istou zotrvac¢nostou.
Musime pripomenut, Ze sa nejedna len o zotrvac¢nost hmoty, ¢o je
zrejmé pri analyze fyzikalno-technickych procesov, ale tiez
o zotrvacnost myslenia ludi, Co sa prejavuje v spravani socialno-
ekonomickych struktur. Ak sme ochotni akceptovat zotrvacnost
pri analyze ekonomickych Struktur, potom sme nuteni popisovat
ich spravanie pomocou zodpovedajicich modelov. Prostredie,
v ktorom sa odohravaju ekonomické procesy je mozné chapat ako
dynamicky systém, pricom vstupné veliciny maju vo vacSine
pripadov ndhodny charakter, a Casto je ich mozné na vstupe
systému kvantifikovat. Odozva systému na zname vstupné veliciny
je zavisla od statickych a dynamickych vlastnosti systému. Ak
vlastnosti systému dokazeme s dostatocnou presnostou popisat,
potom pri znamych vstupnych veli¢inach dokazeme s danou pres-
nostou predpovedat spravanie sa systému, pripadne predpovedat
priebeh vybranej realizacie. S akceptovanim dynamiky socialno-
ekonomickych Struktur sa stretavame v pripade analyzy ¢asovych
radov, kedy na zaklade minulych hodnét sa snazime predpovedat
hodnoty buduce. Odpoved na otazku ako presné budu predpove-
dané hodnoty je zavisla od dynamiky systému vzhladom na dizku
predpovedi a charaktere vstupnych veli¢in. Na zaklade uvedené¢ho
sa pokusme pozerat na ekonomické procesy ako na deje odohra-
vajuce sa v dynamickom systéme.

* Ing. Maria Micekova

This article describes methods used from dynamic systems theory
in solving the tasks of forecasting economic processes. The possibility
of using theoretical methods in forecasting is demonstrated with the
example of the prediction regarding the development of the rate of
exchange between the USD and the SK.

Introduction

In analysing and forecasting economic processes, there are
various models which use mathematical-statistical methods,
econometrical procedures and systematic approaches. The
majority of social-economic processes are the actions located in
the systems of various qualities with some inertia. We have to
mention that it is not only the inertia of mass that is obvious in
analysing economic structures, but it is also inertia of
people’s thinking that can be seen in the behaviour of social-
economic structures. If we are able to accept the inertia in
analysing the economic structures then we have to describe their
behaviour with the help of corresponding models. The setting in
which the economic processes are located is possible to
understand as a dynamic system where the input quantities have,
in the majority of cases, a random character. Usually, it is possible
to quantify them in the input. The answer of the system to
a known input depends on the static and dynamic qualities of the
system. If we are able to describe the qualities of the system with
accuracy, we will also be able to predict the future behaviour of
the system with the same accuracy or to predict the course of
a chosen realisation. In analysing time series, we have to accept
the dynamism of social-economic structures when on the base of
past values we are trying to predict future values. The answer to
the question of how accurate will the predicted values be depends
on the dynamism of the system connected with the length
of predictions and with the character of input values. On the basis
of these facts, we can try to look at economic processes as
processes in a dynamic system.
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1. Diskrétny dynamicky systém

Na zaklade definicie dynamického systému moZeme vztah
medzi vstupom, stavom a vystupom spojitého systému vyjadrif
Vv tvare:

x(1) = @(1, 1y, x({o), ulto, 1)) (D
1) = g(x(0), u(?), 1), (2)
kde ¢  je prechodova funkcia stavu, ktora vyjadruje, ako sa stav

x(t,) posobenim vstupu u na intervale 7, < 7 = ¢ zmenil
na stav x(#) v ¢ase .
g je zobrazenie okamzitého stavu, vstupu a ¢asu na vystup.

Pri analyze ekonomickych procesov sa vicSinou stretavame
s informaciami o spravani sa systému v tvare casovych radov.
Z uvedeného dovodu je vhodné ekonomicky systém popisat
pomocou modelu v tvare diskrétneho dynamického systému:

x(k+1) = fx(k), u(k), k) (3)
k) = g(x(k), u(k), k), “)

kde zobrazenia f a g maji rovnaky vyznam ako pri popise spoji-
tého dynamického systému. V pripade popisu linearnych nestaci-
onarnych diskrétnych systémov rovnice (3) a (4) prejdu od tvaru:

x(k+1) = G(k)x(k) + H(k)u(k) %)
k) = Cllx(k) + D(k)u(k), (6)

kde x(k) je n-rozmerny stavovy vektor
y(k) je m-rozmerny vystupny vektor
u(k) je rrozmerny vstupny vektor
G(k) je matica stavu o rozmere n x n
H(k) je matica vstupu o rozmere 7 x r
C(k) je matica vystupu o rozmere m x n
D(k) je matica priamej vazby medzi vstupom a vystupom
rozmeru m X d.

Ak zavedieme matematicky model ekonomickych systémov
v tvare linearneho diskrétneho dynamického systému, podla obr.1,
je potrebné uréif rad systému (rozmer vektora stavu, n), rele-
vantné vstupné informacie (vektor u(k)), analyzované vystupné
veli¢iny (vektor y(k)) a prvky matic G(k), H(k), C(k) a D(k). Rad
systému je vo vSeobecnosti zavisly od dynamickych vlastnosti
modelovaného redlneho systému. Vektor u(k) obsahuje vsetky
dostupné veliCiny, ktoré maju vplyv na spravanie sa systému.
V pripade analyzy ekonomickych procesov je etapa vyberu rele-
vantnych informacii obtiazna a zavisi od skusenosti o analyzo-
vanom ekonomickom jave. Vektor y(k) je zloZeny z takych veli€in,
ktorych priebeh nas zaujima. Ak mame k dispozicii dostato¢ne
dlhy Casovy rad, ktory charakterizuje priebeh vstupnych veli¢in
u(k) a odpovedajuci ¢asovy rad hodndt vystupnych veli¢in y,(k),
ziskanych z realneho procesu, je mozné nastavit prislusné

1. Discrete dynamic system

On the basis of the definition of a dynamic system, the
connection between input, state and output can be defined as :

x(1) = (1, 1y, x(#), u(ty, 1)) (@Y
W) = g(x(2), u(?), 1), (2)
where ¢ is the step response of state which shows how the state

x(t,) has changed by the operating of input u in the
interval 7, < 7= ¢ to the state x(¢) in time 7.

g is the function which determines the corresponding
output to state, input and time.

In analysing economic processes, there is the information
about the behaviour of the system in the form of time series.
Consequently, it is suitable to describe the economic system with
the help of the model in the form of a discrete dynamic system:

x(k+1) = fx(k), u(k), k) (3
(k) = g(x(k), u(k), k), 4

where f and g have the same meaning as they have in the
description of the continuous dynamic system. In the description
of the linear time-variant discrete system’s equations(3) and (4)
will be changed to the form:

x(k+1) = G(k)x(k) + H(k)u(k) %)
k) = Clk)x(k) + D(k)u(k), (6)

where x(k) is n - dimensional state vector
y(k) is m - dimensional output vector
u(k) is r - dimensional input vector
G(k) is n x n - dimensional matrix of state
H(k) is n x r - dimensional matrix of input
C(k) is m x n - dimensional matrix of output
D(k) is m x a - dimensional direct matrix between input
and output

If we suppose the mathematical model of an economic system
in the form of a linear discrete dynamic system (as is shown in
Fig.1) it is necessary to determine the order of the system (the
dimension of matrix of state, n), the relevant input information
(matrix u(k)), the analysed output quantities (matrix y(k)) and
the elements of the matrixes G(k), H(k), C(k) and D(k). In
general, the order of the system depends on the dynamic qualities
of the modelated real system. The matrix u(k) contains all
accessible quantities which have influence on the behaviour of the
system. In the analysing of economic processes there is a stage of
choosing relevant information that is very difficult and depends
on the experiences of the analysed economic phenomenon. The
matrix y(k) contains the quantities which have no interesting
course for us. If we have time-series with sufficient length which
characterise the course of input quantities u(k) and corresponding
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Obr. 1. Struktiira linedrneho diskrétneho dynamického systému
Fig.1 Structure of the linear discrete dynamic system

hodnoty matic tak, aby sa minimalizoval rozdiel medzi vystupom
realneho systému y,(k) a vystupom modelu y(k). Tento proces sa
Casto nazyva nastavovanim modelu. Metody priebezného nastavo-
vania modelu su uvedené napr. v [1] a [2]. Uvedeny matematicky
model sa vyuziva najma na hodnotenie vplyvu jednotlivych vstup-
nych veli¢in u(k) na spravanie sa systému. Je mozné ho vSak
vyuZit aj na rieSenie uloh predikcie. V tomto pripade musime
poznat, pripadne predpovedat priebeh vstupnych velicin u(k)
v asovom rozsahu predikcie. Pri znaénom zjednoduseni méZzeme
hodnoty vstupnych veli¢in u(k) povazovat za nulové. Potom sa
stretavame s dynamickym systémom, ktorého spravanie je defino-
vané len pociatoCnymi podmienkami, hodnotami zloziek vektora
x(k). Tento model potom odpoveda pouzivanym autoregresnym
modelom Casovych radov. Vztahy (5) a (6) prejdu od tvaru:

x(k+1) = G(k)x(k) (7
y(k) = A(k)x(k) (®)

Nech y(k) obsahuje len jednu zlozku a stavovy vektor x(k)
bude tvoreny predchadzajicimi hodnotami vystupnej veli¢iny y(k)
podla vztahu (9), potom nasledujicu hodnotu y(k+1) urcime
z n predchadzajucich hodnot na zaklade vzfahu (10), pripadne
(11).

y(k)
y(k=1)
x(k) = . %)

Yk=n—1)

time series of quantities y,(k) acquired from real process, it is
possible to tune the relevant values of the matrix to minimise the
difference between the output of the real system y/(k) and the
output of model y(k). This process is named “continuous tuning*
The methods of continuous tuning are described in [1] and [2].
The mathematical model mentioned is used to evaluate the
influence of input qualities on the behaviour of the system. It is
possible to use it also in the solutions of the tasks of prediction.
In this case we have to know or to predict the course of input
quantities «(k) in the time extend of prediction. After simplifying,
we can consider the values of input quantities u(k) to 0. Then
there is a dynamic system with its behaviour defined by the initial
conditions - values of matrix x(k). This model corresponds to used
autoregress models of time-series. The relationships (5) and (6)
will be changed to:

x(k+1) = G(k)x(k) 7
y(k) = A(k)x(k) (8)

If y(k) contains only one element and state matrix x(k)
previous values of output quantity y(k) according to (9) then next

value y(k+1) can be determined from # - previous values on the
basis of (10) or (11).

y(k)
Wk=1)
x(k) = . )

y(k—n—1)
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y(k+1) = Ak)x(k) (10)
yk+1) = a,(ky(k) + a,(k)y(k—1) +
+o a,(k)y(k—n—1) (11)

Poznamenajme, Ze v pripade uvedeného zjednodusenia
matica A(k) bude tvorena jednym riadkom s prvkami a,(k) aZ
a,(k). V procese priebezného nastavovania parametrov modelu
A(k) musime najst také hodnoty prvkov matice A, aby sme mini-
malizovali vopred stanovené kritérium. V ulohach predikcie naj-
CastejSie minimalizujeme kvadrat rozdielu medzi predpovedanou
a skuto¢nou hodnotou. Metody nastavovania matice A vychadzaju
zZ tedrie stochastickych aproximacii pri priebeznom nastavovani,
alebo z korela¢nych zavislosti medzi sitborom vstupnych a vystup-
nych hodnét.

2. Experimentalne overenie

Na zaklade uvedenych teoretickych vychodisk bol zostaveny
jednoduchy matematicky model, pomocou ktorého boli predpo-
vedané niektoré vybrané ekonomické ukazovatele [2]. Na ilustra-
ciu ¢innosti uvedme model predikcie kurzu USD/SK v obdobi od
1. 4. 1996 do 23. 2. 1998. V uvedenom obdobi bolo vydanych 473
kurzovych listkov, o je dostatocny pocet na nastavenie modelu
i na samotnu predikciu pomocou nastaveného modelu.

PriebeZzné nastavovanie parametrov modelu sa realizovalo
v kazdom kroku na zéklade rekurentného predpisu:

A(k+1) = A(k) + COG(k+1) —
— A()x(k+1)x(k+1) (12)

Predpovedana hodnota o jeden krok sa vypocita na zaklade
vztahu:

Wk+1) = A(k)x(k), (13)

pricom:

Ak) = [ ay(k), ax(k), . . . . a,(k)]

xT(k) = [ v (K), y(k=1), . .. y(k—=n—=T1)],
kde:

yAk)ak k =m
Yu(k) =
y(k) ak k> m

Pricom m je okamzik, v ktorom bol na vystupe analyzovaného
realneho systému ziskany posledny znamy udaj. Od okamziku
m sa stretavame s prognozou. Na hodnotach matice C(k) je
zavisla rychlost konvergencie matice A(k), a tym aj rychlost pri-
sposobenia sa modelu ¢asovo lokalnym zmenam v charaktere sle-

y(k+1) = A(k)x(k) (10)
Wk+1) = ay(k)y(k) + ay(k)y(k—1) +
+ ... a,(k)y(k—n—1) (11)

After the mentioned simplifying the matrix A(k) will contain
only one line with the elements a,(k) to a,(k). In the process of
the continuous tuning of parameters of model 4A(k), we have to
find the values of the elements of matrix A to minimise the initial
criterion. Most often in the tasks of prediction we minimise the
quadrate of difference between the predicted and the real value.
The methods of tuning of matrix A are based on the theory of
stochastic approximation or on the correlated determination
between input and output values

2. Experimental verification

On the basis of the mentioned theoretical points, a simple
mathematical model was created. With the help of this model, the
chosen economic indicators were predicted [2]. To show the
functioning of this model, we will use the model of prediction of
the rate of exchange USD/SK from 1. 4. 96 to 23. 2. 98 . In this
time period, 473 rate of exchange tickets were published. That is
enough for the tuning of the model and also for the prediction.
Continuous tuning of the parameters of the model was realised in
each step on the basis of recursive relationship:

A(k+1) = A(k) + C(k)(y(k+1) —
— A(k)x(k+1))x(k+1) (12)

Predicted value after the first step will be calculated on the
basis of:

y(k+1) = A(k)x(k), (13)
where:

A(k) = [ a,(k), ay(k), ... .a,(k)]

xT(k) = [ (k) y(k=1), . ..y (k—n—T1)],

where:

yk)akk =m
Yu(k) =
(k) ak k> m

M is the moment in which the last known value in the output
of the analysed real system was acquired. From the moment m, we
use the forecast. The speed of convergention of matrix A(k) and
the speed of assimilation of the model to time local variations in
the character of observed quality depends on the values of matrix
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dovanej veli¢iny. Vplyv vypoctu matice C(k) na presnost prognozy
nie je trividlny a je diskutovany v praci [2]. Proces nastavovania
matice A(k) (15 prvkov) je znazorneny na obr. 3. Na obr. 2 je
uvedeny vyvoj relativneho centrovaného kurzu USD/SK v obdobi
od 1. 4. 1996 do 23. 2. 1998. Relativny centrovany kurz je ureny
vztahom:

R(@@) = 100(k()) — k,)/k,, [%] (14)
kde k, je hodnota priemerného kurzu za celé sledované

obdobie.
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C(k). The influence of the calculation of matrix C(k) at the
accuracy of forecast is not trivial and is discussed in [2]. The
process of the tuning of the matrix A(k) (15 elements) is shown in
Fig. 3. Fig. 2 shows the development of the relative centred rate of
exchange USD/SK in the period from 1. 4. 96 to 23. 2. 98. The
relative centred rate of exchange is defined by the relationship:
R(i) = 100(k(i) — k,)Ik,, [%] (14)
where k, is the value of average rate of exchange during the
whole observed period

20 T U S L :

200

300

Obr. 2. Vyvoj relativneho centrovaného kurzu USD/SK
Fig. 2 Development of relative centred rate of exchange USD/SK

Obr. 3. Nastavovanie prvkov matice A(k)
Fig. 3 Tuning of elements of matrix A(k).
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Na obr. 4 je znazorneny predpovedany vyvoj kurzu USD/SK
s predik¢nym intervalom 10 dni. Na pociato¢né nastavenie bolo
vyuzitych prvych 50 Clenov ¢asového radu. Navrhovany model
predpoveda hodnotu relativneho centrovaného kurzu o 10 dni .
Z uvedeného vyplyva, Ze prva predpovedana hodnota kurzu je
v bode 60. Cely subor obsahuje 473 Clenov postupnosti, preto
posledna predpovedana hodnota je v bode 483.

Fig.4 shows the predicted development of the rate of
exchange USD/SK with a predicted interval of ten days. For the
first tuning the first fifty elements of time series were used. The
designed model predicts the value of the relative centred rate of
exchange after ten days. As mentioned before, we see that the first
predicted value of the rate of exchange is in point 60. The whole
file contains 473 elements of sequence. Subsequently of it the last
predicted value is in point 483.

3a.0

23.0

20.0

Obr. 4. Prognoza vyvoja centrovaného relativneho kurzu USD/SK
Fig. 4 Forecast of development of relative rate of exchange USD/SK.

Na zhodnotenie uspesnosti modelu bola zavedena priemerna
relativna chyba prognozy:

1 N

|y, i) — (i) |
N—-M & k ’

P

d=

[

(15)

kde M je pocet Clenov postupnosti (dni) na nastavenie parametrov
modelu, N je poCet vsetkych clenov postupnosti, k, priemerny
kurz y(i) prognéza pre ity den a y,(i) skutocnd hodnota. Na
obr. 5 je uvedena zavislost priemernej relativnej chyby prognozy
od dizky intervalu prognozovania. Krivky 1 aZ 8 znazorfiuju
priebeh chyby pre modely s r6znym poctom prvkov matice A(k).
Krivka (1) odpoveda modelu s piatimi prvkami matice A(k). Pocet
prvkov postupne narastd az krivka (8) odpoveda modelu s 19
prvkami.

3. Zaver
V stcasnosti sa stretavame s mimoriadne rychlym rozvojom

informacnych technologii, ktoré nam spristupnuju aktualne infor-
macie z najroznejsich oblasti ludskej ¢innosti v dosial nebyvalom

For the evaluation of the success of the model, a relative error
of forecast was created:

1 N

|y, — () |
p ,

p

(15)

Il
I

N—M ;

where M is the number of elements of sequence (days) for the
tuning of the parameters of the model, N is the number of all
elements of the sequence, kp is the average rate of exchange y(i)
forecasting for i-day and y,(i) is the real value. In Fig. 5 the
mentioned dependency of the average relative error of forecast on
the length of forecasting interval is shown. Lines 1-8 show the
value of error for the models with various numbers of elements of
matrix A(k). Line (1) corresponds with the model with 5 elements
of the matrix A(k). The number of elements of the matrix increases
and line 8 corresponds with the model with 19 elements.

3. Conclusion

Today, information technologies are developing fast which
makes possible the use of information from various areas of
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Obr. 5. Zdvislost priemernej relativnej chyby od dizky intervalu progndzy

Fig.5 Dependency of average relative error on the length of interval of forecast.

rozsahu. Je preto potrebné zaoberaf sa aj novymi, netradi¢nymi
spOsobmi ich spracovania, s maximalnym vyuZivanim modernych
technickych prostriedkov. V predkladanom ¢lanku je popisany
isty pokus o aplikaciu teoretickych metod a postupov, pouZiva-
nych pri analyze dynamickych systémov do oblasti modelovania
ekonomickych systémov a simulacie procesov so zameranim na
rieSenie uloh prognozy. Pretoze rozsah prispevku je prilis obme-
dzeny, su v nom uvedené len zakladné teoretické vychodiska
a strucny popis experimentu - predpoved vyvoja kurzu USD/SK.
V prispevku je zamerne poukdzané na spojitost medzi pouziva-
nymi ekonomickymi metédami (regresné modely) a metodami
vyuzivanymi v oblasti analyzy dynamickych systémov.
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human activities. So it is necessary to be interested in original
methods of processing information with maximal employment of
modern technical equipment. This article describes the
experiment of applications of theoretical methods used in
analysing dynamic systems in the area of modelling of economic
systems and simulations of processes. Because the length of the
article is limited, it described only the basic theoretical points
and brief descriptions of the experiment-forecast of the
development of the rate of exchange USD/SK. This article
showed the relationship between the use of economic methods
(regress models) and analytical methods of a dynamic system.
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