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IX. MICROCOMPUTER SIMULATION OF 'l'IIE DYNAMIC BEIIAVIOR OF 

ECONOM[C AGEN'l'S 

by A. Straszak, J. Stefański, A. Ziółkowski 

IX.1 Introduction 

In each rcgiona l economy system economic agents are free 

to act with in a certain l eg islative framcwork. An important 

aspect of tha t fram ework is formed by tax regulations whic h arc 

used by the cent e r (say ,a 1overnmental agency) as a teol for 

influencing the economic agents -( enterprises· ) behavior. In 1982 

a economi c reform was introduced in Po l and. This reform can be 

cha r acter i zed by the extensive us e of economic regulators. One 

of the main roles in the sys tem is played by the tax regulator 

directed ai controlling the wage funds in enterprises, wh i ch 

is connected with the government·s efforts to bring down infla

tion. Over the period 19 82 - 85 one type of a regulator of that 

kind has been used. Th e economic authorities have learned from 

the four yea r s- experience and deci ded to in troduce, f or the n ext 

years, a set of five types of regulators und e r consideration 

(the ald type has been inc luded in this set as the tax formu l a 1). 

lt is worth emphasizing that an economy in wh ich tax r egulato, 

are us ed behaves in a different way than a sys t em under a "rigid" 

control and a l so differently from a pure "market " economy. lt 

turns out tha t in the process of investigat ing th e expected rc

sults of introducing n ew economic regulators computer simulation 

is very u seful. In most i nstances the effects that r egu l ations 

may have are hard to gras? - one of the reasons is that managers 

and oth e r actors i nf luencing the economic situation l1a ve no in

tuition about them. In sucha situat i on in teract i ve computcr 

system and simulations are very ef f ect i ve,Sheridan (1 984 ), 

Stefański, Ziółkowski (19 84 ), Straszak et a l. (1 986 ), Si Shi - quun 

(1 984 ), Tugg l e and Gerwin (1 980 ), Witt (19 85 ). 

In the process of obtaining in s i ghts in te the nature of the 

economic system-s behavior, Kui pe r s (1984), the data and know

ledge represen tat ion play a n i mportant r ole Sage, ( 1984 ) , Stras zuk 

· etal. (1 986 ). 
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I n this c hapter a n approach to the s _imulation of the 

cffects of the introduction of a new se t of e c onomic reguła

tors is prescnted, as wcl l as sorne exarnples of results. Th e 

cornputcr system we have used has been impl emented on the Polish 

ComPAN-8 microcomputer and currently is being impleme nted on 

t h e IGM PC . 

I X.2 Tax regu l at i on in t h e Polish economic system 

Typically, tax r egu l a tions play a twofold rol e. First, th ey 

cnab l e th e center to build up and the n to redistribute financial 

r esources, a nd second, they are u sed b y the government as a tool 

f or influ encing the firms· beha\rior. Th e question conn ect ed with 

the latter ro l e conce rn s the goal the government wants to 

atta in by influe ncing the e nt e rpris es · b e havior. It is rea sonable 

to assume that th e governmen t manipulates firms for its "own" 

ben e f i t which, in fact, embodies many aims a soci e ty as a whole wants 

to achieve. These aims d epend on a particular economic situation 

in a country, and therc for e in further c on s iderat ions we focus 

our attcntion on tax regulations in Polish economy. 

Eac h econorny is a hiera rchical system with a certa in number 

o f organ izational l e vels, Auger (1985). Two of those levels, na

rne ly t0e governmental one a nd the firm·s lev e l play especially 

i rnpo rtant roles which receive some attention lately, Salman, Cruz 

(1981), Stefański (1984), Stefański and Cichocki (1985), Straszak 

e t al. (1985, 1986), Takayanlil and Simaan (1983), Ziółkowski et al. 

(1984). On the othe r hand a firm is usually trea ted as a single 

decision mak e r unit which maximiz es profit and/or production 

l eve l, Fisk (1980), Tuggle and Ge rwin (1980), Ziółkowski et al. 

(1 98 2). This is however a simplifying assumption which makes it 

imposs ibl e to cxplain the true nature of the d ec i s ion making 

process in a n enterpris e . If one wants to describe that proces s 

properly, h e ought to take into account the fact that th e re ex i

st at l east two groups of people with different objectives, namely 

manag e rs a nd workers, Stefański (1985a) (the conflict of int e rests 

betwcen managers and s ha r eholders is also taken into account in 

Atkinscn and Neav e (1983)~ 

We have mcnti on ed th e wo rk e r - manager conflict bccause 

actually the dccisions mad e in a firm r e flcct the compromisc the 
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both parties achicve, Chen and Leitm.:i n (1980), Stcf.:i ,\ ski (1 'l8Sb ) 

And, on the other h and , the interes t of employees, who w.:int to 

m.:ix imi ze income, i s to same extent opposite to one of the <JOVeu , 

men t- s goals in Poland, i .e. to th e aim of r ed~cing inflation. 

'!'hat inco n s i s t e ncy of int e rests was a mot iv.:iti on for d eve l opin<J 

a special tax system in Poland . Many v.:irious tax reg ula tion (or

mulas were proposed and computer simulation appeared t o be the 

most effective way of investi')ati.n<J the ccono rny systcm- s r c .i

ctions to them. 

It h as turned out that th e compl ex nature of the e conomic 

agent-s behavior can be satisfactorily explained if an economy 

is conceived as a syste m with different deci s ion makcrs h a ving 

differe nt goals. We distinguish in aur approach a governme ntal 

agency, which designs tax regulations, and a firm which, in 

turn, is und e r the control of its management an d e mployees . It 

seems obvious that the statuses and r o l es of the above mentio

ned parties are diff e rent, and th e refore th e s yslem can be re

prese nt ed as a hierarchical sy s t e m with thre e or t wo (if mana

gers and workers behave cooperatively) d ecision mak0rs. 

During computer simulations we focus aur a tte ntion on the 

influence of various tax regulation upon an enterprise-s b e ha 

vior. The aspec ts of compe tition among firrns is n eg l ected. A 

firm is described by the state equation 

(I X. 1) 

where t is time period (in aur case a year), x(t) ~ X vector 

of state variables, u0 (t) c U0 is th e government-s control v.iri

able, in aur case it is the amount of money pa id as taxes (we 

confine aur interest to a special tax strongly connect e d with 

the employees- income), u 1 (t) <:'. u 1 i s the vector of the firm- s 

d ecisions, and z(t) ~ Zis the vector variabl es describing 

environment (inflation rate, market characterization). The 

vector of firm-s d ec isions contains the following variables: 

production level, employment, wages, inves tments, a dve rti semcnt 

expenditure s, cost of raw materials and e n e rgy (which is con n ec

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

We interpret tax regulations as the gove rnment 0 s strategy 

(I X . 2) 



13 8 

'l'hu s u 0 (t) = , 0 (x (t), u 1 (t)) i s th e mon ey paid • by a firm 

as a t a x. Th e g overnme nt fac e s th e p r oblem of d e signing t a x 

r cg ul a t ion s in s uc ha wa y a s t o a ttain its goals r ep r esen-
1 M 

Led by th e obj ective J 0 = <I> (J0 , • • • ,J0 ) , 

T 
); g~ (X (t), u 0 (t), u 1 (t), Z (t)) 

t =O 
(IX . 3) 

where T i s t ime ho ri zon (in our simula tion s five to ten y ears), 

y 0 i s tax r cg ulat i on, a nd y 1 th e firm-s stra t egy y 1 : H 1 ➔ u .1 , 

wh c r e , in turn, H1 i s th e firm-s information s e t. In o ur c ase 

(IX. 4) 

by which we mean that th e decision mak e rs in a firm know its 

s tate x (t), t a x r eg ulat i ons Y 0 , a s we ll a s the curre nt fea

t ures of th e ma rk e t and the inflation r a t e . From (IX.4) and 

( I X.2) it f o ll ows tha t th e system under consideration is hierar-

c hic al ,' a nd the ta s k o f d es igning 

incentiv e d e sign probl em, Ho, Lu h 

y can b e formulat ed a s an 
o 

and Olsc:er (1982), Zh eng, Ba -
* sar , Cruz ( 1984). Nam e ly, the governme nt wants to find y O such 

t ha t 

* y 
o 

a rg max J O ( Y O , R ( y O ) ) , 

Yor:. l' o 

(IX. 5) 

wh c re y 1 d cscribe sthe optima l firm-s beha vior as a 

fun c tion of th e announc ed tax regulations 

1s· h e re J 1 

ma x H ( y 0 ) = a rg 
' / 1 ( I' 1 

is th e firm· s obj ec tive . 

y : o 

(IX .6) 

Th e gove rnm en t i s fac e d h e r e with thre e problems. First, 

i t is v e ry difficult to s o lve (IX.5). Second, ty p ica lly firms 

a r c not in a positio n to solve (IX.6) in order to adapt opti

mally to a tax rcgulation. And third, y O must b e valid for 

va r ious firms, with various .cost structure s, ope rating in diff e rent 

mu keto , and th e f inał r eg ulation y O ought to be a compromisc 

amo ng many solutions of the problcms likc (IX.5). Because of the 

ab o vc me ntion cd d iffi c ulti cs the authorities in 

f i vc diffcr ent tax for mula s (y 1 , y 2 , ... , y 51 o o o 
simulation s pl ay an importunt rol e in obtaining 

Poland consider 

I' 0 , and compu t e r 

in s ights into 
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the enterprises-beh.:ivior undcr diffcrcnt , i and in suygcstiny 
o 

the propcr v.:ilucs of par.:imeters of the t.:ix function~ Y 1 I' 
o o 

IX. 3 Microcrnnputer simulation of the Polish t.:ix regulation 

As it has been mentioned in section 2 of this chapter we 

confine our interest to the simulation of tax regul.:itions con

nected with the increase of wage funds in enterpriscs. The main 

aim of introducing the special t.:ix of this kind in Pol.:ind w.:is 

to bring down inflation through high taxes on the wage fund 

increase in each firm, and through stimulat i on of the produc

tion level incrcase. 

There arc five d :i.fferent t.:ix form ul.:i s which the govcrnment 

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

strategies r ={ y 1 , y . o o 
vernment-s 

Y i "= r 
o y 1 : X x U - ► U are o' o 1 o' 

ssive, their value determines the 

2 5 
0 , ... , Y 0 1 All the functions 

nonlinear and strongly progrc-

amount of money a firm must p.:iy 

as the tax und er con si dera tion ( und er the i th f ormul.:i, i · l 1 , •... , '.i , 
i i i.e. u 0 (t) = Yo (x (t), u 1 (t)). The four first functions from 

r O are defined in the following way: 

u; (t) J 
l 

f (r (t)) 

o 

(I X. 7) 

i=l ,2,3,4, 

where w(t) is the wage fund, r(t) is the relativc wage fund 

increase in period t: 

r(t) 
w (t) - w(t-1) 

w (t-1) 
(IX. 8 ) 

vi(t) is a threshold value, and f is a nonlinear increasing 

function depicted in Figure IX.1. 



u.~( t) 

--r( t.) 

O .it\)-w(t-1) 
,.,(t-1) 

Fig. IX.1 Illustration of the form of strategies 
i Y 0 F.. r 0 , i=1,2,3,4 ( see (IX.7)). 

Fig. IX.2 Illustration of the function dk(t) 
given by (IX.14) which appears in 
the definition of the strategy y; E r0 

14 O 
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The threshold value vi(t) is com,puted in each year, in 
i a different way for each of the four formulas y O , i=1 , ••• ,4, 

For i=1 its definition depends .on the production level q(t) 

(compared to q(t-1)): 

v 1 (t) = v 1 (t-1) (1 + k 1 
q(t) -q (t-1) +p,>, 

q(t-1) 
(IX.9) 

h k d ters In y 2 the def ini tion of the w ere 1 an p 1 are parame . 0 

threshold is simplified: 

(IX.1 O) 

In the case of 

q(t): 

3 y O it also depends on the production level 

k 3 q (t) 

q(t-1) 
(IX. 11) 

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

lT t lT (x(t), u(t), z(t)), 

v 4 (t) 
4 \ 

V ( t-1 ) 

lT 
t 

lT 
t-1 

(IX. 12) 

lT t-1 

The last, fifth strategy is defined in a quite diffcrent 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) = [ mk(t) , 

k=1 (IX.13) 

if the number of employees is K. The due connected with the 

k-th employee is determined in the following way: 

·l p l•k: t) if mk (t) > µ (t) 

dk (t) (IX.14) 

if mk(t) ~ µ (t) I 

where f' is a progressive function (sce Fig. (IX. 2) and Il ( t) 

is a threshold announced in each year by a governmental agency. 
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Next, the amount of money 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: 

u~ ( t) 
K 

2 
k=1 

(IX. 15) 

In order to investigate the behavior of the economic system 

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 ~'=- r O upon the system-s 

behavior. In the sequel some examples are mentioned. 

Although the analytic forms of the strategies y ~E: r 0 

seem to be urcomplicated, the effects these tax regulations 

may 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;, namely the sensitivity of the firm-s profit to changes 

in the parameter p3 in different time periods (see (IX.11)). 

Note that there exist two characteristic values p3 and p2' 
such that for p 3 ~ p3 profit decreases in time, for p 3f p3· 
it increases with time, while for p 3<p 3 <p3' there is an 

optimum of profit behavio~ 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.Sa the sensitivity of profit in different 

ye2rs to changes in the param.eter k 3 (see (IX.11)) is depi

cted. The situation is here similar to the one previously consi-

dered, but the enlargement of a part of Figure IX.Sa in Fi

gure IX.Sb enables us to note an interesting property. In 

figures IX.Sa and IX.Sb we have distinguished three characte-

ristic values of k i k(l) k( 2 ) d k(J) 
3' .e. 3 ' 3 'an 3 . From F.i;gs. 

IX.Sa, Sb it follows that (if we consider the time periods 

t=l, ... ,5) for k 3 < kjl) profit ill maximized in the second 

Year, for k 3(l) < k 3 < k( 2 ) in the third year, for k( 2 )<k <k()) 
3 3 3 3 

in the fourth, and for k 3 > kj)) in the fifth year. Thus, 

for instance , if the government agency choses k 3~[kj 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 

profit. 

Thus, the cooperative agreement between those two parties 

must be bascd on the profit and wage fund they want to attain. 

Roughly speaking we can say that the pair ( nt' w(t) dcscribes 

to same extent the situation in a firm. In Figure IX.6 the 
1 influence of the parameter k 1 of tax regulation y O upon 

the dynamie 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 assuDed that the coa

lition of employees and managers, i.e. the firm"s joint decision 
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tcgics (curve denoted by+ : if the more 
effective technology is chosen). 
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maker, wants to maximize the sum of profit and wage fund. On 

the other hand il is assumed that the <JOvcrn111cnt-s goal is 

to reduce inflation, which can be reflccted by the minimiza

tion of w(t)/q(t), wherc q(t) is pro<luction lcvel 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. Th~ di

fference consists in the change of technology - for the curve 

designate<l the mare economical technolo<Jy has been cho5cn. 

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 naturo of the 

consequences of his decisions concerning tax regulations. 

In lnvestigating these consequences we take into account 

the disagreement of intcrests among economic 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 em~iasizing that an important role in the approach 

is played by the interactive computer system specially built 

to support simulations of economic systems. 
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