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Abstract. Within classical econometric modelling, because of the
complexity of ,,data — generating process” we have chosen it to be presented with
the help of a set of assumptions, where the random is as controlled as possible, so
that the activity should be monitored and even dosed.

This paper has chosen a systemic and cybernetic approach of the display of
the ,, data — generating process”. The first stage of the ,,data — generating process”
decoding, the authors study a system made of three random variables defined on
different probability space between which there is a special a priori dependence,
called [ dependence. The research includes setting a probabilistic model of such

a system and making a representative example. The research ends with an analysis
of the systemic and cybernetic repercussions corresponding to the [f dependence.
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1. INTRODUCTION

In a system of economic variables, the classical regression analysis
consists mainly in [1], [3], [7], [8], [9], [10], [13], in considering one of the system
variables as dependent on the rest of the variables and all the economic variables
values produced by an underling ,,data — generating process”, on which we make a
set of assumptions.

For example, we may consider the system made of the following three
macroeconomic indexes (variables): GDP, consumption and investments. This
system represents a subsystem of the whole system of indexes which are used for
the entire economy that are part of the National Accounts System.

Making use of the index system evolution during 1990-1995, where the
indexes are:
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Measurement
Index unit 1990 1991 1992 1993 1994 1995
GDP Mild. lei 857,9 | 2203,9 | 6029,2 20035,7 49767,6 72559,7
Consumptio Mild. lei 679,5 1672,5 | 4642,5 15235,8 37417,5 56315,4
n (C)
Investments Mild. lei 168,4 314,01 | 888,56 2821,81 8004,62 | 129954
(D) 10 4 6 9 1 9

Source: The Romanian Statistics Yearbook, 1996

We shall research what happens when we try a regression analysis based
on the economic links between the three indexes.

In case of the classical regression analysis, we first presuppose that each
index is a non-random variable. Then we presuppose that one of the indexes, for
example investments, depends on the other indexes and we make an econometric
model of linear regression, such as I =a-GNP +b-C + &. Here we have some
parameters, such as @ and b, which will be estimated according to the data in the
table, and the random variable &, called disturbance, which cumulates the effect of
other unknown or neglected factors, on which we make certain assumptions.

The entire outcome depends on the data existing in the table. It is obvious
that the data are the result of all economic processes within the national economy,
which have been mixed with other processes involving the population behaviour at
a national level, the international economic relations as well as the world wide
status of the economy.

Within the classical econometric modelling, because of the complex ,,data
— generating process” we have chosen that it will be presented according to a set of
assumptions, where the random is as controlled as possible, so that the activity be
monitored and even dosed.

The present paper chooses a systemic and cybernetic approach based on
,»data — generating process”.

Such an approach leads the system econometric modelling made of three
indexes to a system of three random variables defined on different probability
spaces, for which there is no need to calculate the covariance among the pairs of
random variables or to determine the regression function in relation to the others.
In conclusion, there is no use for the econometric models of regression within this
approach. Moreover, an important section of the classical econometric modelling is
not adequate for such an economic index system.

The present paper proposes the research of a system made of three random
variables between which there is a special a priori dependence, called
[ dependence, as the first stage of decoding the ,,data — generating process”. The

paper includes setting a probabilistic model of such a system and the construction
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of a representative example. It ends with an analysis of the systemic and cybernetic
repercussions corresponding to the f dependence.

2. THE RANDOM SYSTEM WITH 3 CONSTITUENTS THAT
GENERATES TIME SERIES DATA

We consider a random system S(¢), which develops in discrete time and is
defined by the ordered triplet (X, (¢), X, (1)), X;(¢)), ¢ eN'". The order refers to
the fact that, each ¢ time, we first consider X;(¢), then X,(¢) and then X;(¢). Xi(¢) is a
random variable which is defined on the probability space (€2,(¢), Ki(?), P'(¥)),

having Q¢) a set that is at the most numerable, V i :1,_3. Let us consider
x;(t)=X,(t)(w), with ®e Q,(¢t)and i = 1,3 where X, (¢) means the value of the

random variable X at ¢ time, V i = 1,_3 .
The values of the three random variables make three time series data that
correspond to the indicators marked /; , /, and /5.

There is a reciprocal dependence between the three random variables that
is defined as follows:
The f dependence

Xo’s dependence on X;

At £ eN\{1} time, the probability space on which X;(f) random variable is
defined depends on the value of X;(7) as follows:

If x,(¢) meets the condition imposed by Cj, then

Q, (1) = Q, (1 =1, Q,(1) D Q, (1 =1), Ia()=3 (Q,(1) , P(1)= P (t-1),
P?(t) being part of the same class of probability laws or probability distributions,
suchas P*(t—1) and X, (¢) # X, (t—1), X,(¢) : Q,(t) - R, where

X, (0)(0) = {Xz (-1 (w), weQ,(t-1) ’
k,(¢), weQ,)\Q,t-1)
k,(t) e R\ X,(t-1)(Q,(t-1)).
If x(f) does not meet the condition imposed by C,, then
Q, (1) =Q,(t-1), Kt)= Ia(t-1), P*(t)=P*(t—1) and X,(t) = X,(t-1).
b) X5’s dependence on X,

At t eN\{1} time, the p_robability space on which X;(f) random variable is
defined depends on the value of X,(7) as follows:

If x,(¢) meets the condition imposed by C, then Q. (¢) # Q, (¢ -1),
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Q. () 2Q,(t-1), K()=2 (Q,(?)) , P3(t) # P’ (-1, P3(t) being part of
the same class of probability laws or probability distributions, such as P3(t -1)
and X,(¢) # X;(t-1), X;(¢) : Q;(¢t) >R, where
X,(0) (@) = {kX3 (t-1)(w), weQ,(t-1) ,

5(0), weQ;(1)1Q;(-1)
k() e R\ X, (t -1)(Q;(-1)).
If xy(f) does not meet the condition imposed by C,, then
Q. (1) =Q,(t-1), ()= IG(t-1), P’ ()= P*(t—1) and X,(¢) = X,(t-1).
¢) Xi’s dependence on X3
At t+1 time, # € N, the probability space on which X, (¢ +1) random variable is

defined, depends on the value of X (¢) as follows:

If x,(¢) meets the condition imposed by C;, then
Q+)=Q,(1),2,t+1)>Q, (1), Ki(t+1)=B(Q,(t+1)),
P'(t+1) # P'(¢), P'(t +1) being part of the same class of probability laws or
probability distributions, such as P'(¢) and
X, t+D)=X,(t), X,t+1D:Q,(t+1) >R, where
@) - {Xl D@, e, |

k (t+1), weQ t+1)\Q, ()

k(+1)e RX,()(Q,@1)).

If x3(¢) does not meet the condition imposed by Cj, then Q (¢ +1) = Q,(?),
Ky (t+1)= (), P'(t+1)=P'(t) and X,(t+1)= X,(?).

The relation S(¢) = (X,(¢), X, (¢) X;(¢)) is meaningful on the basis of
the ﬂ(3) dependence, in order to designate the fact that the state of the random

system at ¢ time is characterized by the trinity (X;(t), Xx(?), X3(?)).

Remark 1. At t+le N time, the system has the state
S+ (X, (t+1),X,(t+1) X,(¢+1)), which depends on the state S(¢),
because X, (#+1) depends on X,(¢), according to the c) procedure from the

ﬁ(3) dependence. On the other hand, X, (¢ +1) depends on X, (¢#+1) according

to a) procedure and X, (¢ +1) depends on X, (¢ +1) according to b) procedure.
Remark 2. At ¢ time the effect of x;(¢)’s value upon the random variable
X5(f) and the effect of x, (t) ’s value upon the random variable X, (t) are
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instantaneous. In this way, the simultaneity relations between the three random
variables are postulate.

Remark 3. The procedure c) is a variety of feedback between constituents
of system S(t).

Theorem T. The probability model of the state S(¢+1) depends on the
values of x, (t) which appear in the S(¢) state as follows:

If x;(¢) meets the condition imposed by C;, then the probability model
of S(t+1) is represented by the three-dimensional random variable

X(t+1)=(X,(t+1),X,(¢t+1),X;(t+1)) which is defined on the probability
space (Q(t+1), H(t+1), P(t+1)), Q(t +1) =Q, (¢ + ) xQ,(t + 1) xQ; (¢ +1),
K(t+1)= B(Q(t+1)), P(t+1): K(t+1) —>[0,1],
Pt +D)({e}x {1 x{gh = P'(t+D({e})- P>+ D({f1) - P>/ (e +1){g})
VeeQ, (t+1), VfeQ,(t+1),VgeQ,(t+1),
P> (t+1), eeQi(t+1)
P (), ecQ(t+D)\Qi(t+1)
QIt+)={oet+ l)|X L (t + 1) (o) = x, (¢ + 1) meets the condition
imposed by the C,},
P>t +1): K, (t+1) > [0,1], P> (t+1) = P* (1), Io(t+1)= B (Qu(t+1)),
Q,t+)#=Q,(), Q,(t+1) > Q,(?),

P> (t+1 Qi(r+1
P (e+1)=1 © (e+1), feQs(i+ )

P(¢), feQ,t+D)\Qi(r+1)
Qt+)={weQ,(t+ 1)|X2 (t +1)(@) = x, (t + 1) meets the condition
imposed by the C,},

PPt +1): K, +1) = [0,1], PP (t+1) = P(1), H(t+1)= B (Qs(t+1)),
Q,(t+1) = Q (1), Q,(t+1) > Q,(0).

Also happens
V A€ K(t+1) with 4, = {f € Q,(t+1)(e, ) € Pra,nyAX Pl 1A} and

4,,= ={ geQ3(t+1)(e,f,g)€Q (H'l) }s

P(A)= 3 S P(+1)le))- P>(e+1)4,)- P>/ (e +1)4, , ) or

ecQ, (t+1) fed,

P“@+n={

P(A) = [[ P (t+1)(4, ,)dP' (t+1)(e)dP> (t +1)f).

If x3(¢) does not meet the condition imposed by Cj;, then the probability
model of S(t + 1) is represented by the three-dimensional random variable

Xt+D)=(X,(+1),X,(¢t+1),X,(t+1)) which is defined on the probability
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space (Q(t+1), ?K(tJrl) , P(t+1)), Q(t+1)=Ql(t)xQZ(t+l)xQ3(t+l) ,

K (t+1) = dQ (t+1) ), Pl+1): K (t+1) —[0,1]
Ple+1){e}x {f}x{g) = P (O({e}) - P> (e + D({S}) - P> (¢),
VeeQ (1), f € Q,(t+1),g € Q,(t +1),
P™(t+1), eecQi(t+1)
P*(1), ecQ (t+D\QI(t+1)
QIt+)={oeQ (t+ 1)|X (£ +1) () = x, (¢ + 1) meets the condition
imposed by the Ci},
P>t +1): K, (t+1) > [0,1], P (t+1) = P*(1), K(t+1)= B (Qu(t+1)),
Q,t+1)=Q, (1), Q,(t+1) D Q, (1),

3.e,a a
Pt (p41) P (e +1), feQz(t+l),

P(t), feQ,t+D)\Qir+1)
Qt+)={weQ,(t+ 1)|X2 (t +1)(w) = x, (t + 1) meets the condition
imposed by the C,},

P4t +1): Kyt +1) = [0,1], PP (t+1) = P(1), I(t+1)= B (Qs(t+1)),
Q.(t+1) Q. (1), Q,(t+1) > Q,(2).
Also happens

P> (t+1) ={

VAde X(+1),4, ={f¢e Qz(t+1)‘(e, f) € pro,yAx pro )4} and 4, , =

={ geQ3(t+IX(e,f,g)eQ(t+l) },

P(A)="3 S P'(eNle))- P(r+1)4,)- P> (t+1)4,,) or

ec),(t) fed,

P(A) = [[P**7 (¢ +1)(4, . )dP' (t)(e)dP™* (t +1)(f).

Proof.

b

Suppose that x3(f) meets the C; condition. Then, according to the c)
procedure from the f (3) dependence, we have Q (1+1)D>Q (¢) ,

Q+D=Q(¢), Ki(t+l)= B (Q,(t+1)), that is I(s+1) is the Borelian
generated field of Q,(t+1), P'(t+1)# P'(t), but P'(t+1) is part of the same

class of probability laws, as well as P’ (¢).

Following the statement above, at #+1 time the random variable X, (¢ +1)

is defined on the probability space (Q, (¢ +1), K (¢ +1),P'(t +1)).

According to a) procedure from the B(3) dependence, we may only have

two situations:
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1) x;(#+1) meets the C, condition. In this case, Q,(t+1)=Q,(?),
Q,(t+1)DQ, (1), Kyt+1)=D (Q,(t+1)), P*(t+1)# P>(t) and P(t+1) is
part of the same class of probability laws, as well as PX(f). We term P> (¢ +1) the
probability law P*(++1). Following, at ¢+1 time the random variable X»(z+1) is
defined on the probability space (Q, (¢ +1), K ,(¢+1), P> (t +1)).

2) x;(+1) does not meet the C, condition. In this case 2, (¢ +1) =Q,(?),
Ko(t+1)=Kx(r), P> (¢t +1) = P>(¢t)and at r+1 time the random variable Xa(r+1) is
defined on the probability space (Q, (), K, (1), P*(?)).

Out of the two situations, we may deduce that there are defined on the
measured space (Q,(¢+1), % ,(t+1)) two probabilities: P> (¢+1) and P(),
where P°(1)(w)=0 for @ € Q,(t+1)\Q, (7).

According to b) procedure from the B(3) dependence, we may only have
two situations:
1) x(¢+1) meets the C, condition. In this case, Q,(t+1)#Q;(?),

Q. (t+1) D Q, (1), Kst+1)=B (Q,(t+1)), P’ (t+1)# P’(t) and P(++1) is
part of the same class of probability laws, as well as P*(r). We term P> (¢ +1) the
probability law P’(++1). Following, at ¢+1 time the random variable X3(z+1) is
defined on the probability space (Q,(¢+1), K ;(t+1), P> (t +1)).

2) x(¢+1) does not meet the C, condition. In this case Q,(f +1) = Q,(¢),
Ki(t+1)=K5(r), P*(t+1) = P’(t)and at t+1 time the random variable Xs(r+1) is
defined on the probability space (Q,(¢), K, (¢), P (¢)).

Out of the two situations, we may deduce that there are defined on the
measured space (Q,(z+1), K , (¢ +1)) two probabilities: P>*(¢+1) and P(),
where P’(t)(w)=0 for @ € Q,(t+1)\Q,(¢).

In conclusion, we have the probability space
(Q,(t+1), %, (¢t +1), P' (¢ + 1)), the measurable space (Q, (¢ +1), K, (t+1)),
where two probabilities P> (¢ +1) and P*(¢) are defined and the measurable space
(Q, (¢ +1), 5, (t +1)), where two probabilities P> (¢ +1) and P’(f) are defined.

According to the proposition P from the Annex [4], [14], it follows that
the probability model of the state S(#+1) is given by the three-dimensional random

variable X (#+1)=(X,(t+1),X,(t+1), X, (t + 1)) , which is defined on the
probability space (Q (t + 1) , SC(t + l) ,P (t + 1) ),
where:
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Qt+1)=Q,t +)xQ, (t +1)xQ,(t+1), K(t +1) =

=K 1(t+1)x Ko(t+1) x K5(#+1) and

P(t+1):K(+1) > [0,1] ,V(e, £,8) € Q, (¢ +1)x Q, (£ + 1) x Q, (£ +1),
Ple+1)({e} x {f}x{gh = P'(t+ D({e}) - P>* (e + DD - P> (e +1){g)).

P> (t+1), Qi (t+1
where: Pz’e(t+l):{ t+D eett+l)

P (1), ecQ (t+D\QI(t+1)
and Q] (¢ +1)is the set defined in the theorem content and
3,e,a a
P (1 1) = P> (e +1), feQz(t+1)’
P3(t), feQ,t+1)\Qi(t+1)

and Q) (t + 1) is the set defined in the theorem content.
Out of above results, V 4 € ?K(t + 1)

with A, = {f e Qz(t+l)‘(e, F) € Pro (A% Pro A} and 4,
={ geQ, t+ll S g eQ (t+1) } and by the relation:

2.0= > > >0

(ej g)eA ecQ) t+l jeA ged, s

it follows

= 3 S P (e+1)le) P(r+1)4,)- P> (1 +1)4, ) or

ecQ, (1+1) fed,

P(A4)= ”P“f(tﬂ)(Aef)dP (& +1)(e)dP> (e +1)(f).

Suppose that x3(¢) does not meet the C, condition. Then according to c)
from the p (3) dependence we have: Q (1+1)=Q,() , Ki@+1)=XK(?),
P'(t+1)=P'(¢) and X ,(t+1)=X,(?).

According to a) from the 5(3) dependence there are two situations that we
have described in 1.

In conclusion, we have the probability space (Q, (¢), K ,(¢),P'(¢)), the
measurable space (Q,(f+1), K ,(¢#+1)) on which the two probabilities
P**(t+1) and PX(¢) are defined and presented in 1 and the measurable space

(Q, (¢ +1), %, (t +1)), where two probabilities P>*(z +1) and P*(¢) are defined
and presented in 1.

According to the proposition P from the Annex, it follows that the
probability model of the state S(¢+1) is given by the three-dimensional random
variable X (¢+1)=(X,(?),X,(t+1),X;(t+1)) which is defined on the



The Econometric Modeling of a System of Three Random Variables with £ ......

probability (@ (¢+1) X  (¢+1) , P (¢+1) ), where:
Qt+1)=Q,(O)xQ,(t+D)xQ,(t+1), K(t+1) = HKi(r) x Ha(t+1) x Ky(t+1)
and P(t+1): XK (t+1) —[0.1] ,

Ve, f,2) € Q1) xQ, (1 +1)xQ, (£ +1),

P({e;x{fyx {gh) = P'(O){e))- P> (e + D({/D) - P/ (1+1){g}) where
P*(t+1) and P**/ probabilities being defined in 1.
Out of above results, V 4 € ‘3{(1‘ + 1)
withd, ={f e Q,(t+ 1)‘(e, ) € proAx pro,.)A4} and 4,
={geQ,(r+ ll(e f.g)eQ(t+1) } and by the relation:
2.0=2 > X0

(e f, g)eA e, ( fed.ged, ;

it follows

= 3 S P (eNle))- Pt +1)4,)- PP (1 +1)4, ) or

ecQ) ( fed,

P(A) = [ [ P**7 (t+1)(4, . )dP' (t)(e)dP** (t +1)(f).

3. EXAMPLE
We consider a system S made up of three urns U, , U, and U;. Urn U,

contains n; balls of the same size, numbered from 1 to n; | n, 210, from which a
are white and the rest black, 0 < a < n,; Urn U, contains n, balls of the same size,
numbered from 1 to n, and urn U, contains n; balls of the same size, numbered

from 1 to n; . Extractions are done from system S. An extraction from system S
consists in a random extraction from urn U, followed by an extraction of the same

type from urn U, and next extraction from urn U, .

We consider three conditions C,,C,and Cs, which refer to the results of
the extractions.
If the extracted ball from urn U, is white, i.e. it meets the conditionC,,

then we introduce a same type ball into urnU, assigning it the numbern, +1. On a

contrary situation, the structure of urn U, does not change. Then we do the
extraction from urn Us.
If the result of the extraction from urn U, meets the condition C,, then we

introduce a same ball into urn U, assigning it the number#n; +1, on a contrary

situation the structure of urn does not change. Then we do the extraction from urn
Us.
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If the result of the extraction from urn U is an even number, i.e. it meets
the condition C; ,then we introduce a white ball into urn U, assigning it the

number n; +1, on a contrary situation the structure of urn U, does not change. Then

we do the following extraction from the system.
We will attach to each urn a probability space and a random variable
defined on this space. In order to do this we will consider the following notations.
Let us take 7 as the number of extractions from system S, t €N, n,(¢) the

number of balls from urn U, , before the extraction of the ¢ category, 1= 1,_2 We
notice that n,(t) <n,(t+1),Vte N,

Let us take a(f) as the number of white balls from the urn U, before the
extraction of the ¢ category. We notice that a(t) < a(t +1), V¢ € N'.

The probability space attached to urn U, before the extraction of the
category ¢ is (Q,(¢), 2 (Q(t)= K, (¢), P' (¢)), where

ab el

n ()
Q1) ={o,,....0, .}, R()(®) = o :
-2 50,0\
n, (1)

Q' (1) = {o € Q,(?) |o the event of obtaining a white ball}.

Let us take X, (7):€Q,(#) >R, X|(¢)is the random variable that represents
the result of the extraction of the category ¢ from urn U; and let us take
X (1) = X, (D)), 0 € Q (7).

The probability space attached to urn U, before the extraction of the
category ¢ is (Q,(¢), K ,(t),P’(t)) where Q,0) ={o,....,0, ,,}

Fa(O)=Ru(1)), P*(t)(w) =

1
,VoeQ,(1).

n, (¢

Let us take X, (?) : Q, () = R, Xy(?) is the random variable that represents
the result of the extraction of the category ¢ from urn U, and let us take
X, (1) = X, (1) (@), © € Q, (7).

The probability space attached to urn U; before the extraction of the
category ¢ is (Q,(¢), K (&) ,P’(t)) where Q,(t)= {o,....0,,} ,

Is1)=2Qs(0), P*(t)(w) =

zYVweQAﬂ.

Ny
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Let us take X, (¢): Q2;(#) = R, X5(?) is the random variable that represents
the result of the extraction of the category ¢ from urn U; and let us take
x,(1) = X, (@), 0 € (1)

Following the significance of the three random variables we can
S (X, (1), X, (1), X5(t)) write.

According to the extraction mode from the system S defined above, there is
a dependence p (3) between the three random variables.We must analyze
successively the three dependencies from the definition of ﬂ(3).

a) X;’s dependence on X;.

In the extraction of the category ¢ € N" the probability space on which the
random variable X5(¢) is defined depends on the value of Xi(¢), as follows:
- if xy(¢) is a white ball, i.e. it meets the condition imposed by Cj, then

Q,0)#=Q,(¢-1, Q)0 ={0,,...,0, ,} DQ¢-D) ={0,,...,0, )}
because ny(f) > ny(t-1),

HKAO=R (), P* (1) # P> (t-1), P*(t)(w) =

1
,VoeQ, (7).
@) 2 ()
It follows that P*(¢)(w) # P (t —1)(®), Vo e Q,(t—1).
X,():Q,(t) >R, where
X, (t-D(w), oeQ, (t—1
X (@) |0 V@ =y
n,(t=)+1=n,(), weQ,)\Q,(t-1)
-if x(¢) is a black ball, i.e. it does not meet the condition imposed by C, then
Q, (1) =Q,(t—1),3(6)=HKy(t-1), P*(t)=P>(t—-1) and X, ()= X,(t-1).
b) X;’s dependence on X,

In the extraction of the category ¢ € N” the probability space on which the
random variable X3(7) is defined depends on the value of X,(¢), as follows:

- if x(¢) meets the condition imposed by C,, then Q. (¢) # Q, (¢ -1),
Q) ={@),...,0,,} > Q-1 ={®,,...,0,  ,} because ny(t) >ny(t-1),

K3(O=Qs(0), P> (1) # P> (t 1), P’ (1)(w) =

! , Vo eQ,(1).
n, (¢
It follows that P’ (t)(w) # P’ (t —1) (@), Vo € Q,(t -1).
X,(t): Q,(t) >R, where
X, (t-D(w), owef. (t—1
X (@) = D@ =y
n(t-D+1=n,(), oecQ,)\Q,;(¢-1)
- if xp(¢) does not meet the condition imposed by C, then
Q, (1) =Q, (t 1), 3= (1), P>(t)=P*(t—1) and X,(t) = X,(t-1).
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¢) Xi’s dependence on X;.

The extraction of the category #+1,¢ € N'. Happened, the probability space
on which the random variable X;(¢+1) is defined depends on the value of X3(¢), as
follows:

- if x5(7) is “a ball with an even number”, i.e. it meets the condition imposed by Cs,
then Q,(t+1) ={®,,...,®, (.1} D Q,(?) because ni(?) <m(t+1);
a(t+1)
n(t+1)

It follows that P' (¢ +1)(®) # P' (t)(w), Vo € Q, (2).

X,(t+1):Q,(¢+1) > R, where
X (@) - {Xl (@), Q0 |
n®+l, 0eQt+1)\Q, ()

- if x3(¢) is “a ball with an odd number”, i.e. it does not meet the condition imposed
by G, then Q(t+1)= Q) K @+1)=XK(@), P'(t+1)=P'(t) and
X,@t+)=X,@).

Let us apply the Theorem T to the system. It follows that the probability
model of the state S(z+1) depends on the value of x;(¢) which appears with the state
S(#) when the ¢ extraction happens.

1. If x3(f) is a “a ball with an even number”, then the probability model is
represented by the three-dimensional random variable

X(t+1)=(X,(t+1),X,(t+1),X;(t +1)), defined on the probability space
Q@ +1),3¢(t +1),P(z+1)), where Q£ +1)=Q, (£ +1)x Q, (t +1)x Q, (¢ +1),
IH(t+1)=I(+1)x Ka(t+1) x Ka(r+1), P2 K (£ +1) > [0,1]
Ve, f,2) € Q(t+1)xQ, (¢ +1)xQ, (¢ +1),
P({e}x{f1xigh) = P'(t+1)({e})- P>+ D({SD) - P> (1 +1){g))
2,a a

Pz’e(t+l)={P (t+1), eeQi(t+1) |

P (), eeQ(t+1)\1Q(t+1)
QIt+)={weQt+ 1)|xl (t + 1) meets the condition imposed by the C},
PX(t+1):%,(t+1) > [0,1], P> (t +1) (o) = _ v Q,(1+1)

n,(t+1)

P> (t+1)# P (1), H(t+1)= B (Qt+1)), Q,(t+1)#Q, (1),
Q,(1+1) 5Q, (1),

K (t+1)=AQ(t+1)), P (1 +1)(0) =

,VoeQ (t+1),a(t) < <a(t+1).
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Pr(r+1 Q5(r+1
Pl (r41)=1 (e+1) [ e )

P(¢), feQ,t+D)\Qi(r+1)
Qt+)={weQ,(t+ 1)|X2 (t +1)(@) = x, (t + 1) meets the condition
imposed by the C,},

P (t+1): 90, (E+1) > [0,1], P> (t)(w) =

! ,VoeQ,(t+1)
ny(t+1)

P> (t+1) = PP (1), Ho(t+1)= D (Qs(t+1)), Q,(t+1)=Q,(0),

Q. (t+1)>Q,(1).

Also happens

V Ade K(t+1) with 4, = {f € Q,(t+D|(e, ) € Pro,(uyyAX P4} and
A, =={geQ,t+1)(e fg )eQ(t+1) 1,

= 3 TPl P ) P (1)

ecQ, (1+1) feQ, (1+1)

2. If x;3(¢) does not meet the condition imposed by Cj, then the probability model of
S(¢+1) is represented by the three-dimensional random variable

X(@+1)=(X,(),X,(t+1),X,(t +1)), defined on the probability space

Q (t + 1) ,‘3{(7,‘ + 1) ,P (t + 1) ), where:

Qt+1)=Q, (1) x Q, (¢ + 1) x Q, (£ +1), (£ + 1) =3 (1) x Ka(t+1) x K(r+1)
and P(t +1): (¢ +1) > [0,1],

Ve, f,2) € Q(1)xQ, (1 +1)xQ, (£ +1),

P({e}x {f1x{g}) =P (O({e})- P> (¢t + D({f1)- P>/ (t +1)N{g}),

P> (t+1), Qi(t+1
Pt +1) = (t+1) ecQi(r+1) ’
P (1), ecQ (t+D\QI(t+1)
3,e,a a
P (1 41) = fz (t+1), feQi(t+1)
P(¢), feQ,t+D)\Qi(r+1)

It is the same case for VA4 € XK, having A.and 4,  from above,

= 3 S P e+1)Nle)- PP +1)4,)- PR (e +1)4, ).

eeQ, (1+1) feQ, (1+1)
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4. CONCLUSIONS
These are the conclusions on the £ dependence.
1. The conditions C,,i = 1,_3 are of a deterministic nature and they form

an interface between the S system and the outer environment. This
way the system is open and they allow a cybernetic approach to it,
because there is the possibility to regulate through economic or other
measures.

2. The conditions C,,i =13 are bivalent: accomplished/non-

accomplished. It is possible to formulate multivalent conditions, which
would refine communication with the outer environment.
3. The nature of the three components belonging to the / dependence is

different. Thus, the a) and b) dependences refer to the influence of a
random variable on the following one, while the ¢) dependence is a

feedback type, and it introduces a circulation relation between X, and
X;.

4. Ifatt and ¢t +1 moments those three conditions are fulfilled, then the
random variables X, (t + 1),1' =13 are defined on the various
probability spaces, which differ from those at # +1 and ¢ + 2 moments.

5. 1If there is a time span T C N so that all conditions are not fulfilled,
then X (t + l) =X, (t), VteT,i=13. In this instance, between those

three random variables of S system, the S dependence is not
displayed and the classical regression study makes sense. Also, in the
hypothesis that S system is a subsystem of the S system, between
those three random variables there may exist another dependence,
which is displayed at the level of the S system.

ANNEX

PROPOSITION P. Let E, F',G be sets that are at the most numerable. Then the
probabilities P on the measured space (E x F x G,P(E x F x G)) , where P(M ) is
the set of sides of the set M , are in one-to-one and onto correspondence with the systems
(Q, (Qe )eeE,Q(e)>O , (Qeyf )fEF’ 0 ({7} ), where () is a probability on the measured space
(E , P(E )), Q°,e € E are the probabilities on the measured space (F , P(F )), but

Qe’f are the probabilities on the measured space (G, P(G)). The correspondence is thus:

to one probability P on the measured space (E x F' x G,P(E x F' x G)) attaches
probabilities:
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Q—Pom‘l with Q({ )= Plpr;' (le})= Plle}x F xG),
o = })Oer , with O° ({ }):Pml (er ({f})):
P(ée} {f}>< G)

e}xF X G)
=P ey © Pt it 0 (gl =P (o ()

P( é{ee}} {{f} }x{Gi) Blptrya (EX I {g }) where O° and O/ are

0°

conditioned probabilities;
to one system (Q, (Qe )ee £.0(e)50> (Qe’f ) rer.oc(f f})>0) attaches the probability P on the
measured space (E xFxQ@, P(E x ' x G)), with

Plepx {fx{g)= 0lleplo (I o (g}).

and for 4 € P(EXFX G) with 4, ={ (e,f)e Dre (A)x Dy (A)} and
A, —{ (efg)eA} we have

zzQ ‘(4,0 (4,,)
or P(4)= [[ 0" (Ae,f Jao(e)do* (f).
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