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IX. MICROCOMPUTER SIMULATION OF THLE DYNAMIC BEHAVIOR OF

ECONOMIC AGENTS

by A. Straszak, J. Stefanski, A. Zidlkowski

IX.1 Introduction

In each regional economy system economic agents are free

to act within a certain legislative framework. An important
aspect of that framework is formed by tax regulations which are
used by the center (say,a governmental agency) as a tool for
influencing the economic agents” (enterprises”) behavior. In 1982
a economic reform was introduced in Poland. This reform can be
characterized by the extensive use of economic regulators. One
of the main roles in the system is played by the tax regulator
directed at controlling the wage funds in enterprises, which
is connected with the government s efforts to bring down infla-
tion. Over the period 1982-85 one type of a regulator of that
kind has been used. The economic authorities have learned from
the four years experience and decided to introduce, for the next
years, a set of five types of regulators under consideration

(the old type has been included in this set as the tax formula 1).

It is worth emphasizing that an economy in which tax regulato:
are used behaves in a different way than a system under a "rigid"
control and also differently from a pure "market" economy. It
turns out that in the process of investigating the expected re-
sults of introducing new economic regulators computer simulation
is very useful. In most instances the effects that regulations
may have are hard to grasp - one of the reasons is that managers
and other actors influencing the economic situation have no in-
tuition about them. In such a situation interactive computer
system and simulations are very effective, Sheridan (1984),
Stefarski, Zidtkowski (1984), Straszak et al.(1986), Si Shi-quan
(1984) , Tuggle and Gerwin (1980), Witt (1985).

In the process of obtaining insights into the nature of the
economic system s behavior, Kuipers (1984), the data and know-
ledge representation play an important role Sage, (1984), Straszak

‘et al. (1986).
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In this chapter an approach to the simulation of the
cf fects of the introduction of a new set of economic regula-
tors is presented, as well as some examples of results. The
computer system we have used has been implemented on the Polish
ComPAN-8 microcomputer and currently is béing implemented on

the IBM PC.

IX.2 Tax regulation in the Polish economic system

Typically, tax regulations play a twofold role. First, they
enable the center to build up and then to redistribute financial
resources, and second, they are used by the government as a tool
for influencing the firms~ behavior. The question connected with
the latter role concerns the goal the government wants to
attain by influencing the enterprises” behavior. It is reasonable
to assume that the government manipulates firms for its "own"
benefit which, in fact, embodies many aims a society as a whole wants
to achieve. These aims depend on a particular economic situation
in a country, and therefore in further considerations we focus

our attention on tax regulations in Polish economy.

Each economy is a hierarchical system with a certain number
of organizational levels, Auger (1985). Two of those levels, na-
mely the governmental one and the firm s level play especially
important roles which receive some attention lately, Salman, Cruz
(1981), Stefariski (1984), Stefariski and Cichocki (1985), Straszak
ct al. (1985, 1986), Takayama and Simaan (1983), Zidtkowski et al.
(1984) . On the other hand a firm is usually treated as a single
decision maker unit which maximizes profit and/or production
level, Fisk (1980), Tuggle and Gerwin (1980), Zidikowski et al.
(1982). This is however a simplifying assumption which makes it
impossible to explain the true nature of the decision making
process in an enterprise. If one wants to describe that process
properly, he ought to take into account the fact that there exi-
st at least two groups of people with different objectives, namely
managers and workers, Stefariski (1985a) (the conflict of interests
between managers and sharcholders is also taken into account in

Atkinsen and Neave (1983)).

We have mentioned the worker - manager conflict because

actually the decisions made in a firm reflect the compromisc the
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both parties achieve, Chen and Leitman (1980), Stefariski (1985bh) .
And, on the other hand, the interest of ecmployees, who want to
maximize income, is to some extent opposite to one of the govern-
ment s goals in Poland, i.e. to the aim of redicing inflation.
That inconsistency of interests was a motivation for developing
a special tax system in Poland. Many various tax regulation for-
mulas were proposed and computer simulation appeared to be the
most effective way of investigating the economy system™s rea-

ctions to them.

It has turned out that the complex nature of the economic
agent”s behavior can be satisfactorily explained if an economy
is conceived as a system with different decision makers having
different goals. We distinguish in our approach a governmental
agency, which designs tax regqgulations, and a firm which, in
turn, is under the control of its management and employees. It
seems obvious that the statuses and roles of the above mentio-
ned parties are different, and thercfore the system can be rec-
presented as a hierarchical system with three or two (if mana-

gers and workers behave cooperatively) decision makers.

During computer simulations we focus our attention on the
influence of various tax regulation upon an enterprise”s beha-
vior. The aspects of competition among firms is neglected. A

firm is described by the state equation
x (t+1) = F (x (t), uo(t), u1(t), 2(t})) 361 )

where t is time period (in our case a year), x(t)e X vector

of state variables, uo(t) < Uo is the government s control vari-
able, in our case it is the amount of money paid as taxes (we
confine our interest to a special tax strongly connected with
the employees” income), u1(t)ﬁ U1 is the vector of the firm’s
decisions, and z(t)€& Z is the vector variables.Hescribing
environment (inflation rate, market characterization). The
vector of firm s decisions contains the following variables:
production level, employment, wages, investments, advertiscment
expenditures, cost of raw materials and energy (which is conncc-

ted with the technology chosen) ,and R & D expenditures.

We interpret tax regulations as the government™s strategy

Yo i U1 e Uo (X 2)
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Thus uo(t) = 3O(x - u1(t)) is the money paid'by a firm
as a tax. The government faces the problem of designing tax
requlations in such a way as to attain its goals represen-
: ’ il M
ted by the objective J_ = ¢ (Jo,...,Jo e
e | UL SRR R (IX.3)
o YewuX1he? waliisly e Ll ’ 2
t=0

where T is time horizon (in our simulations five to ten years),
Yo is tax regulation, and i the firm s strategy Yoqt H1—>U1,
where, in turn, H1 is the firm s information set. In our case

R T (A BB Sz SEN)E FO X X X 2 (IX.4)

il
by which we mean that the decision makers in a firm know its
state x(t), tax regulations Yo’ as well as the current fea-
tures of the market and the inflation rate. From (IX.4) and
(IX.2) it follows that the system under consideration is hierar-
chical, and the task of designing Yo can be formulated as an
incentive design problem, Ho, Luh and Olsder (1982), Zheng, Ba-
sar, Cruz (1984). Namely, the government wants to find Y; such
that

*
i ?ig‘max JO( L) R( Yo)), (IX.5)
(- Tidiin(0)
where Ve g R( Yo) describes the optimal firm”s behavior as a

function of the announced tax regulations Y&t

R( Yo) = urq Tax J1( Lic Y1) : (EX726Y)
1€l
where J. is the firm s objective.
The government is faced here with three problems. First,
it is very difficult to solve (IX.5). Sccond, typically firms
arc not in a position to solve (IX.6) in order to adapt opti-

mally to a tax recgulation. And third, e must be valid for

various firms, with various cost structures, operating in different

maketo, and the final regulation Yed ought to be a compromise
among many solutions of the problems like (IX.5). Because of the
above mentioned difficulties the authorities in Poland consider
five different tax formulas (Yg, Yg i ygl = Vo, and computer
simulations play an important role in obtaining insights into
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the enterprisces behavior under different Y o and in suggesting
ki ¥ i v
the proper values of parameters of the tax functions y e l o

IX.3 Microcoumputer simulation of the Polish tax regulation

system

As it has been mentioned in section 2 of this chapter we
confine our interest to the simulation of tax regulations con-
nected with the increase of wage funds in enterprises. The main
aim of introducing the special tax of this kind in Poland was
to bring down inflation through high taxes on the wage fund
increase in each firm, and through stimulation of the produc-

tion level increase.

There arc five different tax formulas which the government

wants to apply and we represent them here as a a set of the go-

vernment s strategies T = Y; 'Y g,..., Y i} All the functions
Ay, ;e r o Y é K X U1wr Uo’ are nonlinear and strongly progre-

ssive, their value determines the amount of money a firm must pay

as the tax under consideration (under the ith formula, i-{1,....,5 )

i.e. ué (t) = Yi fx(t), u1(t)). The four first functions from
it o are defined in the following way:
; i
: J £(r(t)) L git) > v it) (%7
ué (t) = i
] 0 if ity < v (), i=%,2,3,4,

where w(t) is the wage fund, 1r(t) is the relative wage fund

increase in period t:

w(t) = w(t-1) > (IX.8)
w o (t-1)

r(t)

v'(t) is a threshold value, and f is a nonlinear increasing

function depicted in Figure IX.1.
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Fig. IX.1 Illustration of the form of strategies
i
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e

Fig. IX.2 1Illustration of the function d, (t)
given by (IX.14) which appears in

the definition of the strategy YS 2t
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The threshold value vi(t) is computed in each year, in
a different way for each of the four formulas wv; 4 sl et
For i=1 its definition depends on the production level q(t)

(compared to q(t-1)):

Vi = vie-n e r, LB g el oy (1x.9)
qg(t-1)

where k1 and p, are parameters. In Yé the definition of the

threshold is simplified:

vie) = vi(e-1) (14 py) . (IX.10)

" In the case of 'Yg it also depends on the production level

q(t): g G
T

Vo) = Ve (2——— 4 py. (IX.11)
gle=1)

The fourth formula isbound up with the profit in year ¢,

me = omx(E), ule), z(e)),

¢ ™
vie) = viiem1) (1 ek, =51 L ph) (1xa12)
TiE =i

The last, fifth strategy is defined in a quite different way
which is based on individual employees” wages. Let us denote
the income of the k-th employee in year t by mk(t). Then
the whole firm s wage fund is

K
w(t) = %

m, (t)
k=1 K ]

(IX.13)
if the number of employees is K. The due connected with the
k-th employee is determined in the following way:

o (my (t) if m (e) > oy (k)
7 (IX.14)
4, (t)
0 if m () ¢ u(t) ,

where p is a progressive function (see Fig. (IX.2) and y (t)

is a threshold announced in each year by a governmental agency.



Next, the amount of mone¢y which must be paid by a firm is
computed as a difference between the sum of all dues in the
current, and in the previous year:

K
de(i)l=="f35
% K=1

(=
[
|

~

e B

: dk(t—1) (IX.15)
In order to investigate the behavior of the economic sfstem
roughly outlined here in section IX.2, the specialized inter-
active system described shortly in the Appendix to the Report
(part 3), has been used. Extensive possibilities the system
offers greatly faciliate the process of obtaining insight into
the influence of tax regulations Y ie i

o upon the system”s

behavior. In the sequel some examples are mentioned.
Although the analytic forms of the strategiesy ie r S
seem to be wuncomplicated, the effects these tax regulations
méy have are in many cases hard to grasp. Let us take as an
example the influence of the strategies” parameters upon a
firm™s profit. Figure IX.3 illustrates the situation under
Y g , namely the sensitivity of the firm s profit to changes
in the parameter p3in different time periods (see (IX.11)).
Note that there exist two characteristic values pi and pi'
such that for Py ¢ p; profit decreases in time, for p3) pi'
it increases with time, while for p;<p3<p5' there is an
optimum of profit behavior in time. In Figure IX.4 the second

and the third case in illustrated by the profit changes over

the period of five years.
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In Figure IX.5a the sensitivity of profit in different
years to changes in the parameter k3 (see (IX.11)) ds depi=
cted. The situation is here similar to the one previously consi-
dered, but the enlargement of a part of Figure IX.5a in Fi-
gure IX.5b enables us to note an interesting property. In
figures IX.Sa and IX.5b we have distinguished three characte-
ristic values of k3, i.e. k§1), k§2), and k;B) . From Figs,
IX.5a, 5b it follows that (if we consider the time periods

=il a5l Lo k3 < k§1) profit ia maximized im the second

} (1) (2) . . (2) (3)
year, for k3 < k3 < k3 in the third year, for k3 <k3<k3

in the fourth, and for k3 > k§3) in the fifth yecar. Thus,
for instance , if the government agency choses kBG[k§1),k§2)]
it is very likely that the firm will continue its policy up

to t=3, and then a change in the firm's strategy can be expec-
ted.

As we have alrcady mentioned in section IX.2 we consider
an enterprise to be a coalition of the employees and the mana-
gement. There is no doubt that the main employees” goal is
to maximize the wage fund. On the other hand it is natural that
one of the main components of the management s objective is

profiit.

Thus, the cooperative agreement between those two parties
must be based on the profit and wage fund they want to attain.
Roughly speaking we can say that the pair ( L w(t) describes
to some extent the situation in a firm. In Figure IX.6 the
influence of the parameter k1 of tax regulation y; upon

the dynamic changes in the enterprise”s situation is illustrated.

Figure IX.7 is an example of the study of influence of
changes in the firm"s strategy upon the economic system”™s situ-
ation over time. When making this figure we assumed that the coa-

lition of employees and managers, i.e. the firm s joint decision



Tav formuly Labar.curierofttanzaesitune)

| | )
: 1 ) i J ek
l +\\ , >\\_. ! . : \ m ) FFCT)
,,\‘.,( BN . | \ /0 LRI
.,_l_‘_... ~3 \\, ==X Y aF P
e . s \ (ZS 1%
! b s s \\ Y P
e B SN e |OFFLTY
O L " Rl x\" | ‘.--7 \ = OFLT)
N ) ! [ XA}
¢ ! N i B ot o
L1200 L t L M !
i i | SsSakEng I |
’ \ 1 (R [ ] =)
\ | i ‘{\ ‘.‘ ] )
RETETLE 1 ! >l L '
= ] 1 T [} {
; | 1 [T ! |
r i 7 I e ' !
' ' | | i ) l
-20,800 -10.009 @, 809 19,030 20,009 0,006

Fig.IX.6. TIllustration of the influence of the para-
meter k1 (under v 1 ) upon the dynamic
changes in the sitiation inside a firm
(parametric curves for different k,:
firm™s profit and wage fund with time as a pa-
rameter; k{1)(® R S AT S k{4)(+))-

Tax forpula 3, par.curves i, oltire)
eso.eoﬂ i ¥ I 1 - ¥ + F(T)
" EE R
} \\”\\, W OELT)
630,002 ; = | OFFLT)
TR i
'%“"“‘\—\_ | Wt o4
€cc.0ey e , \\:
t Tt /
~. / |
| S7e.000 -~
sao.oncl 1,." ¢
3.000 19.500 12,600 13,500 15.809
X
Fig.IX.7. Illustration of the dynamic changes in

the government’s (J ) and the firm's (J,)
objectives for two Qifferent firm s strd-
tegies (curve denoted by + : if the more

effective technology is chosen).




maker, wants to maximize the sum of profit and wage fund. On

the other hand it is assumed that the government™s goal is

to reduce inflation, which can be reflected by the minimiza-
tion of w(t)/qg(t), where qg(t) is production level and w(t)
the wage fund. In Fig.IX.7 we have two parametric curves, with
time as a parameter, for different firm s strategies. The di-
fference consists in the change of technology - for the curve

designated the more economical technology has been chosen.

IX.4 Concluding remarks

The main purpose of the approach we have outlined in
this chapter is to help the central planner in a regional
economy system to obtain insights into the nature of the
consequences of his decisions concerning tax regulations.

In investigating these consequences we take into account

the disagrecment of interests among ecconomic agents at di-
fferent levels of hierarchy. Such an approach turned out

to be very useful because in the process of designing new

tax regulations it is often very difficult to grasp the way

in which they could influence the behavior of economic agents.
It is worth emphasizing that an important role in the approach
is played by the interactive computer system specially built

to support simulations of economic systems.

IX.5_ References

Atkinson A.A., Neave E.H.(1983): An incentive scheme with de-
sirable multiperiod properties. INFOR, vol. 21, 76-83.

Auger P. (1985): Hierarchically organized economies: input-
output analysis. Int. J. System Sci, vol. 16 , 1293-1304.

Chen S.F.H., Leitman G. (1980): Labor—managemcnt bargaining
modelled as a dynamic game. Optim. Control Appl. Mcthods,
11-25.

Chin S.L.(1984): A Mathematical Model of Human Productivity
Versus Encouragement. IEEE Trans. Systems, Man, Cyber.,
vol. SMC-14, 302-304.

Fisk J. (1980): An Intecractice Game for Production and Fi-
nancial Planning. Comput. & Opcr. Res., VoL s 157 =168



filo ¥.C., Luh P.B,, Olsder G.J. (1982): A Control Theoretic
View on Incentives. Automatica, vol. 18, 167-179.

Kuipers B. (1984): Commonsense Reasoning about Causality:
Deriving Behavior from Structure. Artificial Intelli-
gence, vol., 24, 169-203.

Gage A.P. (1984): Models for Knowledge Represcentation and
Cognitive Effort in Human Solving. 9th IFAC World Congr.
Budapest, Hungary, prepr. vol. VI, 216-221.

Salman M.A., Cruz J.B. (1981): An Incentive Model of Duopoly
with Government Coordination. Automatica, vol. 17, 821-829,

thecidan T.B.( 1984): Global Conflicts and Decisions: Hints
from Laboratory Experiments with Human Subjects and Com-
puter Simulations. Proc. 9th IFAC Congr. Budapest, Hungary,

prepr..  vol, IV, 46~49,

Stefaiski J. (1984): Control of the Firm s Activity - A Two -
Level Game Model. In: Tzafestas S.G., Hamza M.H. (eds.):
Mcthods and Applications of Measurement and Control. Acta
Press, Calgary, 660-663.

Stefariski J. (1985 a): A Camc Theory Model of Labor - Management
Conflict and Compromise. In: Branstaetter H., Kirchler E.
(eds.}: Economic Psychology. Trauner Verlag, Linz, 85-93.

Stefariski J. (1985 b): Some Aspects of Bargaining in a Firm.
Research Report ZPZC 97-41/85. Systems Research Institute,
Polish Acad. Sci.

Stefariski J., Cichocki W., (1985): Tax Regulation Design as a Stra-
tegy Selection in a System with Conflicting Goals. In: Sy-
dow A., Thoma M., Vichnevetsky R. (eds.): Systems Analy-
sis and Simulation. Academie-Verlag, Berlin. .

Stefadski J., Zidtkowski A.(1984): Interactive Models of Micro-
cconomic Systems. Proc. 6th Congr. WOGSC, Paris, France,
1045-1051.

Straszak A., Stefanski J., Z2idétkowski 2., Cichocki W. (1986):
Computer Aided Learning in a Two-Level Economy with Non-
lincar Economic Regulators. In: Pau L.F. (ed.): Artifi-
cial Intelligence in Economics and Management. Nort Ho-
lland, 185-191.

Straszak A.et al. (1985): Aplications of computerized models of
financial mechanisms to simulation analyses in enterpri-
ses. Research Report zZPZC 103-46/85. Systems Rescarch
Institute, Polish Acad. Sci., (in Polish).

Si Shi-quan (1984): A Structure for Flexible Interactive De-
cision - Making. Proc. 9th IFAC World Congr., Budapest,
Hungary, vol. VI, 228-233.

Takayama T., Simaan M. (1983): Multilevel Interactions of Go-
vernment and Private Sectors in Economic Development.
4th IFAC/IFORS/IINASA Conf. on Modelling and Control
of National Economics, Washington DC, USA.

Tuggle F.D., Gerwin D.(1980): An Information Processing Model
of Organizational Perception, Strategy and Choice. Mana-
gement Science, vol. 26, 575-592.



- 149 -

witt U. (1985): How can complex bechavior be investigated? The
cexample of the ignorant monopolist revisited. In: Brand-
stactter ., Kirchler E. (eds.): Economic Psychology,
Trauner Verlag, Linz.

Zhenqg. Y .P. ,. Basar T,, Cruz J.B. Jr. (1984): Stackelberg Stra-
tegies and Incentives in Multiperson Deterministric De-
cision Problems. IEEE Trans on Systems, Man and Cyber.,
vol. SMC-14, 10-24.

Zi6étkowski A. et al. (1982): Computerized Models of Enterpri-

ses Operating in a Market. Research Report ZPZC 51-41/82.

Systems Rescarch Institute, Polish Acad. Sci.

Zi68tkowski A. et al. (1984): Models of the Control of Firms

Operating in a Non-perfect Competion Environment. Rescarch

Report ZPZC 65-41/84. Systems Research Institute, Polish
Acad. Sci. (in Polish).




PION III






