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1. Introduction

We asked ourselves the question: What rules govern the world of economics? We
did not exclude the need to consider economic phenomena as universal principles.

Perhaps economy is ruled by other laws, maybe the laws of physics.

Our proposed approach to modelling the world of economy may be an alternative
and extension of existing models. However, the approach may come across certain
limitations which may be difficult to overcome. Firstly, how to convince decision
makers to system thinking that has been propagated for many years by Peter M.
Senge (The Fifth Discipline) [Senge/1990], Jay W. Forrester (Industrial Dynamics)
[Forrester/1961] and others. Secondly, the proposed model requires access to reliable

data. It is difficult to say whether such data exist and are available.

Mathematical models are widely used in economics theory. One could say that all the
used models operate on aggregated data, e.g. consumption, investments, etc. The
result of such analyses and process simulations are rather qualitative conclusions,
while quantitative conclusions are very approximate [Barczyk/1990] [Berg/1991]

[Czaja/1991] [Fleming/1962] [Kalecki/1935] [Keynes/1985] [Strotz/1953].

A detailed description of economic models can be found in [Jakimowicz/2005]] and

[Garbicz/1999].




2. Geometric interpretation of balance and income
statement elements

The idea of developing a universal economic model is directly derived from the
accounting practices used in management of a single enterprise. To a large extent, the
model is based on the balance and income statement (profit and loss statement) of the

enterprise [Sachs/1993], [Solow/1956], [Garbicz/1999], [Green/1993].

It should be stressed, that elements of the model were tested in practice by financial
management of enterprises located in the Tamobrzeg Special Economic Zone in

Poland. The practice fully confirmed the functionality of the model.

Accounting is a system of business records, the system monitors all processes that
occur in the company, including production processes, services, distribution
processes, sales and purchases, as well as business relations with others. Accounting
is a formalized system that reflects all economic processes included in the monetary
meter and therefore all monetary streams [Lange/1977], [Burda/1990],

[Mundel/1962], [Stevenson/1998], [Theil/1971].

It seems that the basic section existing in accounting is financial reporting, the aim of
which is to prepare information on economic condition of an enterprise. On the basis
of economic data we can illustrate the material, financial and income situation of the
enterprise by compiling:

- Balance sheet,

- Income Statement.




One of the universal principles of accounting — double entry principle — says that
every operation needs to be credited to two different ledger accounts, which enables
to preserve balance and forces balancing of assets and liabilities at any point in time.
Hence, accounting principles force a balance of assets and liabilities in every
accounting period {Burda/1995].

In a large simplification a balance sheet consists of:

- Assets

- Inventory

-~ Receivables
- Liabilities
- Capital

- Payments.

Balance is presented in the following graphical form:

On the left of Figure 1 there is a symbolic representation of Assets, on the right —
Total Liabilities, with deliberately different colours of arrows, on the right — Total
Liabilities, both Capital and Payments are presented in red, as they have the same
FINancial nature.

On the right Assets are distinguished in red, Receivables, as they also are FINancial
in nature, while blue denotes Investments and Inventory in order to distinguish other

REAL character of these balance elements.




Assets Total Liabilities

Investments Capital
+
Inventory
Receivables
Payments

Figure 1. Graphical description of a balance.

3. Real sphere and financial sphere

Based on the principles used in the systems theory, systems research and systems
analysis, on the basis of the balance and income statement, we will present the
structure of new division of balance elements into two spheres, REAL and
FINancial. Such division provides the basis for the development of a new flow model

in economic systems.

In Figure 2 we can distinguish four vectors represented by four major components of
assets and liabilities. We relocated the liabilities vector in such a way that the

beginning of the Payments vector was aligned with the end of the Receivables




vector. Now we will treat the Investments + Inventory vectors and the Capital,

Receivables and Payments vectors separately.

Assets

Investments
+

Inventory Receivables

II

Payments Capital
Total Liabilities

Figure 2. A process of splitting the balance into REAL

and FINancial spheres.

On the other hand the income statement can also be treated as part of the reserve or
elements of further consumption sold or bought in the given reporting period. It is

clear that the sale reduces reserves and purchase increases it.

We can therefore aftach two vectors to the Inv vector Selling and Buying known
from the income statement. Next we draw aside both part of the vector graph in a

way shown below:

In this way we obtained a new model of economic system, in which we can

distinguish:




REAL sphere and
FINancial sphere.

REAL sphere consists of the three following vectors:

Inv = Investments + Inventory

Buy = Buying
Sel = Selling

the FINancial sphere also consists of three vectors:

Cap = Capital
Pay = Payments

Rec = Receivables.

REAL

Investments
+

Inventory Buying

—
—

Selling
Receivables

e
»ﬁ

Payments Capital
FINancial

Figure 3. Elements of REAL sphere and FINancial sphere.




4. Matrix of REAL and FIN sphere flows

Let us consider an example economic model of a single state. Let us suppose that we

distinguish three group economic entities that we denote as follows:

- H — a group economic entity of aggregated householders,
- P —a group economic entity of aggregated producers of goods and
services,

- G'— a group economic entity representing govermnment,

The mutual relations between entities (economic circular flow) in a matrix form for
REAL and FIN sphere. On the main diagonal of the matrix REAL description of
economic flows there are investment goods and stocks Imv. Outside the main
diagonal is the mutual exchange — the flows Sel and Buy between entities. The
exchange of goods and commodities between economic life entities occurs in the
REAL sphere matrix outside the main diagonal. Let us assume the following labels
referring to the volume of REAL goods and services lying outside the main diagonal

of the flow matrix Buy;; =Sel j;, where i=H or i=P or i=G and j=H or

j=Por j=G,whileiz#j.

It is understandable that all sales in the REAL sphere causes a change in receivables
in the FINancial sphere in the receivables ledger section and in the liabilities section
of another economic entity, to which the first economic entity is selling goods and/or
services. This means that a change of one element in the REAL sphere flow matrix

causes a change of one (corresponding) element in the FIN sphere flow matrix.




Similarly, during the purchase there is a shift of liabilities for the second economic
entity and in receivables for the first economic entity. This causes change of one
element in the FINancial sphere. Thus, the payment for goods and services is only a

change of liabilities of the economic entity into liabilities of a bank issuing money.

Let us assume the following labels regarding the quantity outside the main diagonal

of the FIN financial flow matrix Rec;; =Pay j;, where i=H or i=P or i=G and

j=Hor j=Por j=G,while iz j.

Inv, Selg, Sel,, Cap, Recy, Recy,
Selpy, Inv,  Sely Recy; Cap, Recp; @
Sel, Selg, Invg Recg, Recg, Capg,

1t goes without saying there are flows within each matrix REAL and FIN in periods
t,,, for i=1,2,.,T, in periods when the balance sheet and the income statement
are usually prepared. However there are flows between matrices REAL and FIN.
There flows between REAL(?,;) matrix and REAL(,) matrix, as well as between
FIN(z,,) matrix and FIN(?,) matrix. In a similar way there are flows between
FIN(¢,,) matrix and FIN(?, ) matrix, and between REAL(?,,) matrix and REAL(,)

matrix.




5. Identification of economic events in REAL and FIN
matrices
Circular motion in the economy generally consists of the following elements
[Burda/1995], [Allen/1961], [Alien/1975]:
- starting from the initial state,
- sales of goods and services,
- increase in receivables,

- purchase of goods and services,

- increase in liabilities (decrease in receivables).

We can present the circular motion as a series of events occurring between the REAL
flow matrix and the FINancial flow matrix (actually between elements of the
matrices) in successive periods, recorded at the end of the periods. Let us consider
two periods: the first period begins at the ¢, moment and ends at the ¢, moment, the

second period begins at the £, moment and ends at the #; moment. Let us present

the circular motion as a series of operations related to the ¢, ¢,, and ¢, moments.

The circular motion can be presented as a series of operations in REAL and FIN

matrices.

FIN(t,) = REAL(¢,) ¥ FIN(¢, > REAL(s,) - FIN(t, ) REAL(s,)

We assume that the matrix time series consisting of REAL and FIN matrices in

individual moments that designate reporting periods contains full information on the




whole economic process. There remains a problem of finding the laws governing
changes in time of the REAL and FIN matrices, i.e. mutual relations between REAL

and FIN matrices in successive moments of time,

We now introduce definitions of operators in the square matrix elements (2), with the

dimensions nx n, elements of which are real numbers.

ay 4 o,
Ay Ay a4y

A= B @
ay pn

Definition 1.

Divergence operator of element a,, in matrix A is denoted DIV’ a,, and defined as

follows:

DIVa, = Yy a,-Y.a,,fork=12,.,n 3)
el =

4
ink mE

In general, the term divergence means sourceability, variance, in mathematics and
physics divergence is a term used in classical field theory and is the operator for the
vector field called scalar field defining sources and outlets of the field

[Feynman/1970].

Divergence operator (3) defined in this way has analogous meaning to the flow

matrix, which has features of a vector field. Divergence operator (3) has the




following meaning, namely the divergence of @, matrix element is equal to the sum
of all elements in the £ matrix column (inflow to a,, ce// reduced by a sum of all
elements of the k¥ malrix verse (outflow from a,, cell). In other words, it is the
difference between what flows in of the & column to element a,, and what flows out
of the a,, clement to verse £. Forall a,,, k=12,...,n elements we obtain » value

of the divergence.

Definition 2.

DIV’A divergence of matrix A is defined as follows:

DiVa,, 0 e 0
0 DIVia, - 0
DIVA=| . ;i . Q]
0 0 - DIVa,

It seems that it is a good definition of changes in sources or cells (elements of matrix

A, as a particular field, as inflow and outflow from that source.

Definition 3.

Rotation operator of A matrix elements is denoted ROT” A, and defined as follows:

ROTA” =a,-a,fori,j=12_.n ®)

P

In general, the term rotation means vorticity. In mathematics and physics rotation is
a term used in field theory and means the operator for a vector field another vector

field defining the rotating force.




Definition 4.

ROT’ A rotation of matrix A is defined as follows:

0 ROT'A, -+ ROTA,
ROT' 0 .- ROT

ROT'A = - Ay - ; A, ©)
ROT'A,, ROTA, - 0

It seems that it is a good definition of “forces” between upper part and lower part of

the matrix, “forces” trying to turn around the matric along the main diagonal.

Let us apply yhe above introduced definition for matrices REAL and FIN.

Investment and stocks are presented in the REAL flow matrix in the main diagonal,
ie. Invyy, Invp and Invg. There are four main causes of change in Inv states,
namely:

- reduced and increased consumption and

- reduced and increased internal production,

- reduced and increased sales and

- reduced and increased purchases.

Using the designations introduced earier, the REAL sphere flow matrix divergence
can be represented as follows:

DIV'Sel, 0 0

DIV'REAL =DIVSel=| 0 DIV'Sel,, 0 ™
0 0 DIV'Sel,,




where

DIV'Sel,, = Sel,,, +Selg, —Sel,,, —Sel,;
DIV'Sel, = Sel,, +Sel;, —Sel,, —Sel

DIV'Sel; =Sel, +Sel,; —Selg, —Sel g,

Capital is presented in the FIN financial flow matrix on the main diagonal of the

matrix, i.e. Cap, , Invp and Inv(. The state of capital Cap is changed by two main

causes:
- decreased and increased capital outflow and

- decreased and increased capital revenue,

Using the designations introduced earier, the FIN sphere flow matrix divergence can

be represented as follows:

DIV'Rec,, 0
DIV'FIN =DIV'Rec = 0 DIV'Rec,
0 0

where

DIV'Rec,, = Rec,, +Rec,, —Rec,, —Rec,;
DIV'Rec, = Rec,,, + Recg, —Rec,, ~Rec,;

DIV'Rec; = Rec,; +Rec,; — Recg, —Recg,

DIV'Rec,




The Sel and Buy goods exchange is presented in the REAL flow matrix outside the
main diagonal of the matrix. The flow of sales and purchase exchange is changed by
two main causes:

- reduced and increased by financial possibilities,

- reduced and increased by supply control.

The introduced rotation operator (6) describes economic turnover, i.¢. increasing and
decreasing the exchange flow between elements positioned symmetrically in relation

to the REAL matrix main diagonal, i.e. between the Sel and Buy elements.

Using the designations introduced earier, the REAL sphere flow matrix rotation can

be represented as follows:

0 ROT'Sel,,  ROTSel,,
ROT'Sel = | ROT'Sel,,, 0 ROT'Sel . ©)
ROT'Sel,,  ROTSel,, 0

where
ROT'Sel,,, = Sel; — Sel,,
ROT'Sel,,; = Sel,,; —Sel,
ROT'Sel,, =Sel,, —Sel,,
ROT'Sel o = Sel g —Sel g,
ROT'Selg,, = Selg, ~Sel,;

ROT'Sel g, = Selg, ~Sel o




The exchange of money or receivables Rec and liabilities Pay is described in the
FINancial flow matrix outside its main diagonal. The flow of receivables and

liabilities exchange is changed by two main causes:

- reduced and increased by profit opportunities in sales

- reduced and increased by supply control.

We sce that the operator that increases or reduces the flow of money exchange is the
rotation of the FIN matrix. For the considered FIN matrix we can determine the

rotation operator in the following manner:

0 ROT'Rec,,, ROT'Rec,,q
ROT'Rec = { ROT'Rec,, 0 ROTReC,; 10)
ROTRec;,  ROTRec, 0

where
ROT'Rec,,, = Rec,,, —Rec,,
ROT Rec,,; = Rec,; —Rec,,
ROT'Rec,,, = Rec,, —Rec,,
ROT Rec; = Rec,; —Rec,
ROT Rec,, =Recg, —Rec,;

ROT'Rec, =Recy, —Rec,,

ROT Recrotation operator shows the intensity of financial turnover between the H,

P and G econoinic zones.




6. REAL and FIN matrixes as time functions

Let us consider the REAL and FIN matrix pair in two adjacent moments in time.

(v, Sel,, Sel, Cap, Rec,, Recy,

t=t, |Sel,, Inv, Sely Recp, Cap, Recg; (1
| Sel, Selg, Invg | Rec;, Recg Capg
fInv, Sel,, Sely;] Cap, Rec,, Recy

t=t, |Sel,, Inv, Sely Rec,, Cap, Recy; 12)
| Selg,, Sel,, Inv; | Recy, Recg, Capg

The REAL and FIN matrices in the #, moment present the picture of economy of the
considered system (11). In the 1, —¢, period there were various flows in the REAL
and FIN matrices and at the end of the period in moment ¢, we receive the cumrent

picture of economy (212).

Change in investment and stocks, i.e. values lying on the REAL matrix diagonal, in
. . Alnv

the t, -, period, which we denote A was caused by sales and purchases.

Therefore we can write the following statement:

%:—Alsmcm (13)

. . . ... Alnv
which means that the increase of investments and resources in time Y occurred

as a result of:




- “spatial” changes A,Selin the REAL matrix and

- possible C'Inv decisions affecting Inv.

It is assumed that C'Invdecisions may be used to control Inv changes and have an
impact on production, services and consumption. C'lnvis a decisive variable. The
adopted convention of sales inflow and outflow directions determings the use of the

“—“sign in formula (13) and others.

Spatial changes A,Sel influencing investments and stocks, ie. the content of
elements lying on the main diagonal of REAL flow matrix were defined by the
divergence of the matrix, equation (7). In this manner we can obtain the following

equation describing investment and resources changes in time:

Alnv
At

+DIV'Sel = C'Inv (14)

Now let us consider changes in time of the REAL matrix elements that lie outside the
main diagonal, i.c. the changes of purchases Buy and sales Sel. These changes are
influenced by mutual relations of liabilitics Pay and obligations Rec which occur in

the FINancial flow matrix. Let us write such stateinent in the following expression:

ASel _ A,Rec+C'Sel (15)

At


































































