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INTRODUCTION

The purpose of the present book is to show the possibility of
developing a quantitative description of the action of “invisible
hand” on the market. This is why the text is full of mathematical

expressions, even though they are kept purposefully at the possibly
simple level.

At the same time, the book is a subsequent publication of
results from the work on establishment of foundations for the
theory of economic competition, limited, however, essentially to
what is called price competition. Let us note at this point that the
“competitors” here considered are the companies selling their
produce on the common and limited market, and that price
competition analysed takes place among the products of different

companies, serving to satisfy the very same kind of demand from
the side of the customers.

Price competition ought to be regarded as a dynamic market
game, which takes place within the space of retail prices, i.e. in the
“open”, before the eyes of the consumers, or in the space of
wholesale prices — behind the scenes. The strategies of the players

consist in selection of prices, at which their products (services) are
sold.

Under a close examination of the problem it turned out that
most important for defining the market price game is determination

of the “payoff function”. The present book is devoted, therefore,
mainly to this problem.

This volume constitutes a continuation of the considerations
from the first volume of “Introduction to a Theory of Market
Competition”, in which territorial expansion strategy of companies
has been analysed, this strategy allowing for expansion of sales and
lowering of prices. Yet, sooner or later, the instant has to come
when a company must enter an “alien” market, and, after a
successful entry, face the problem of expanding its market share.
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Hence, it is the last two issues that this book takes up and
analyses.

The considerations forwarded therein are based on three
fundamental assumptions:

e Increase of price of purchase entails a decrease of
the number of products sold.

e Increase of the number of products turned out makes
it possible to lower the cost of producing these
products.

e The market secures the preservation of equilibrium
between demand and supply. Customers are directed
by reason when making purchasing decisions.

The first assumption results from the fact that each
customer has limited financial capacities (of purchasing products
and services).

The second assumption is justified by the commonly
observed “production scale effect”, which results from the
continuous technological progress, taking place especially in the
domain of production technologies. This fact finds its confirmation
in the history of economic development — from handicraft through
workshop production to the present-day mass (even if customised)
production.

The third, double assumption is associated with the
adoption of principles of free market.

In order to represent the “scale effect”, the hyperbolic
rclation was used, resulting from the analysis of the constant and
variable production costs.

To describe the dependence of demand upon the product
price, stemming from the income structure of potential customers,
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the linear dependence was used, which is characteristic for the
constant income density of customers.

Other adopted assumptions and simplifications are of
technical character.

Many of the Readers shall certainly be disappointed, as they
will not find in the book the statistical inquiries, based on what is
called “real-life data™, that would confirm the assumptions adopted
and the results obtained. In order, though, for a theory to be subject
to verification, it must first be formulated. It should be indicated
that the precepts of this theory have been successfully implemented

in economic reality, in the practice of quite a significant company
in Poland.

Thus, the contents of this book ought to be regarded as an
attempt of formulating a definite theory, by no means pretending to
having exhausted the entire problem area. It should be added that
the results contained in both volumes published so far result from
the research done by the respective authors within the Systems
Research Institute of the Polish Academy of Sciences. Separate
thanks go to the NTT System S.A. company that supported
financially the publication of both volumes.

The authors of both volumes hope that this modest
contribution shall serve its purpose of providing to the Readers the
very first insight into the possibility of representing and analysing
in quantitative terms the processes we observe daily on the
globalising markets. The authors would also like to announce the
preparation of the subsequent volume, presenting the extension to
the theory here expounded.

Warsaw, June 2011
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Chapter IV
MODELLING OF MARKET PROCESSES

1. The case of entry into a new market

On a certain market a product of Company B is being sold for
the sales price of Cs. Some Company A intends to enter this market

with its product that is competitive with respect to the product sold
to date on this market.

For this purpose, Company A plans to sell its product for the
price C4 < Cg. The fundamental issue is how to determine the value
of C4 in such a manner as to succeed with the market entry — i.e. to
gain a stable position of the product 4 on the market or even assure
100% share in the market (meaning complete pushing away of the
product of Company B from the market). The degree of success,
especially in the latter case, depends, of course, also upon the de-
fensive strategy of Company B.

We shall base our assessment of the correctness of determin-
ing the value of C4 on the value of the difference of profits:

N =7,-Z,

at some time instant 7= 1/¢;, assuming that the game started at the
time instant 7= 0.

In general terms, the market game considered is a multi-step
game, in which the two parties (Companies A and B), make suc-
cessively their choices, concerning the values of C4 and C. The
very first move belongs to Company B.

Assume, as before, that demand for a product depends upon
its price:
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A = Am\' (1_£J
‘ me

At the time instant ¢y, which corresponds to the instant 7= 0,
of starting the game, demand for (and sales of) the product of
Company B was equal

A() EAB :Am,\‘ (1_ SB J

mx

Now, starting with the time instant 7o+, the sales of the prod-
uct of Company B, constant hitherto, shall start to decrease, while
the sales of the product of Company A shall be increasing (if C4 <
Cp). Of course, after a sufficiently long time period, the sales of the
product of Company B would have dropped to zero, if Company B
had not changed the price of the product. Company A, though, can-
not count on such a course of events. That is why we shall be as-
sessing the advantage, resulting from the choice of the “entry”
price C, in terms of the sales effects after the time period of a stan-
dard length equal 1, i.e. at the time instant 7= | of the game time,
corresponding to the calendar time #+1/a;. In view of dependence
upon the value of «;, the unit of game time may have various dura-
tions, when measured in the units of the real (calendar) time.

As a consequence of introduction of a competitive product on
the market, the overall demand shall increase to the value

A=A ~[1 —&]:AO +AA

mx

A
where AA:A—AOZ—CA ; AC=C,-C, -

mx ?

mx

The increase of demand by the value of AA takes place al-
most immediately through purchases of the cheaper product of the
Company A. At the same time, the customers having until that time
used the product of Company B, shall be purchasing the product of
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Company A at the rate of using up the previously purchased prod-
ucts.

Consequently, thc dynamics of increase of sales of the Com-
pany A product shall be described by the following expression:

A (0)=Ay(1-a")+A,, 93—1&(

1- aa”) -

mx

Similarly, for the product of Company B, the following ex-
pression of its sales dynamics will be valid:

Ag()=A,-a™

As we substitute a = C4/Cp and normalise the expression ob-
tained, we get

Ao (G (e e ] (e
A my Cm.\ CB Cmr CB

and
A_U[lc_j(C_] _
A mx Cm.\‘ CB
Of particular interest is the difference of the demand value,
AA - A/\ - AB.

As we introduce the respective formulae, we obtain
M@ (G (| G (Y
Am,\" Cm,r CB . me CB

For calculation purposes, instead of the continuous variable 7
a discrete one was adopted, 7,, withn =0, 1,2, ..., and 7, = n/a.
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By taking, next, the notations

Q X - ELEC . CB_CAECB

B CA
C, C C C C,.

mx mx mx

CB
-—:C(l~x)
CIJ'

we obtain the following calculation formulae, in which no explicit
units appear:

A,(n)

. _(l*C)'(I—X")-I—C-(l—x).(l_xlm)

AN(n)

_( ‘C)-(I—Zx")+C.(],x),(lﬁxlm)

Y

where k= oo/, and it 1s assumed that £ > 3.

The courses of dependences for AA (shown as dL) as func-
tions of x, C and n, for k = 4, are presented in Figs. 4.1 through 4.3,
respectively.

Yet, it 1s, of course, much more important to look at the de-
pendence of profits, and of their difference, as indicated at the out-

set, 1.e. the value of AZ = Z, — Zg, determined by the decisions of
both parties.

Thus, conform to the previously introduced formula for the
difference of profits, we get

AZ :(CB —b)-AA—(CB —CB)-AA
which, after division of both sides by Amax, becomes

AZ AA A
(G- b) (€, =€)

mx mx my
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1 1

A :A . T :A = —
A 0 IBA( ) 0]+ag]r 2
a™ 1

B 0 IBB( ) 01+aalr 2

where a=C4/Cg=1.

We deal here, therefore, with a stable state of sales of the two
companies, for ¥ =1, on a common market.

Consider now the situation, when one of the companies, say
A, does lower at the time nstant £, the price of its product by the
quantity AC = Cy — Cy4, with the aim of pushing Company B out of
the market. Let us remind that the products A and B are genuinely
competitive, i.e. they are similar in terms of their utility properties.

If Company B ignored the move of Company A, then, after a
sufficiently long period of time, the sales of product B would drop
down to zero, and Company A would gain the entire market,
achieving the sales volume

A = Amx(l - CA/me) > A()a
with CA - C() -AC.

The difference of the sales volume A, - Ay on the market re-
sults from the increase of the number of effective customers — the
appearance of customers, for whom the price to date, Cy, has been

too high, making it impossible to purchase the product, until the
time instant 7.

Hence, the difference in the sales volume shall be defined by
the expression

AA=A,—A, = Ame_B__CA_.

mx
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Similarly as before, we shall take an obvious assumption that
the intensity of increase of sales, a,, 1s much bigger than «;. Con-
sequently, we obtain

A (1) = A f(T)+ AN (7).

After we substitute the expressions for the values of A, fand
AN, we get

AA(‘[):A»L\‘(I_—%—J 1 ar +Am,rﬁ(1_aaﬂ)

C J1-a” C

Hix my
Or, after having gotten rid of measurement units:

CB

AA(‘[) _ me + CB B CA 1_((?,4) !

A G C.
mx 1 + _gi mx
CB

CB
In a similar manner we shall obtain

(C'Ajalr
AB(r):[l_ CBJ C,
A C
mx nx 1+ Q
CB

If, now, we transform the continuous variable 7into a discrete
one, taking the values 7= n/a;, where n =0, 1, 2, ..., then we ob-
tain
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B

1_ - ch
A.»[(n) _ Cm,\' + C‘B B C.“ {1 _(gﬂ_]]‘ }
A 5 C C
my ] N [ CA ) nx B
(CA JN
A,,(n):[l_ Cl,j C,

A \ Cln X !
X A ] n C A
Cy

Further, in a similar way we shall determine the dimen-
sionless difterence

AN(n) _ A,(n)  Ay(n)
A, A

mx mx mx

After the substitution of respective formulae, we get

[CA ]N

N g kn

CB - +CBC'C,4 {l—[%‘j }
CI)’

Then, as we introduce the notations

gzx : &EC : Cp—C, - Cy _CA ._Ci_—_C(l_x)
CVB C C C Cm,r CB

mx iy mx

|
A (G,
A | cC

mx mx

B

we obtain the following dimensionless calculation formulae:

A(nm) 1-C o

/\1 :1+x”+C'(1_x)'(1”‘A)

AA(n) 1—x" o
=( —C)-1+xn+C-(1—x)-(1—x‘ )

my

where k = o/ oy, and we assume that & 4.
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Let us next determine the difference of profits, using the pre-
viously introduced general formula:

AZ=Z,-Z,=(C,—b)AA—-(C,-C A,

By dividing the value of AZ by the product A, We obtain

the following dimensionless expression:

AN [ T (AT

bA my - 7 B AIW.\" b b Aﬂl\'
We shall now refer to the notations introduced before, namely
C b C
x=—24; B=—w . C=—2%
CB Cm.r Cm,\‘
whereby we get
c, C,C C A
_A:__A___E_:x&:x_f?ﬁzxg.
b s b b C,. b B

Now, using the relations thus determined, we obtain

AZ (C jAA EC C)A1
|| = —x— |—L>

bAI?L\' B E - AIII.Y B B Am,\‘
or, after simplifications:
A
(€)M C
b A B A nxy B A mx

mx

Before we can pass over to the effective calculation formulae,
we must define the ranges of sensible value of the variables in-
volved. As we know, the following conditions must hold:
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1)Cy>b; 2)Cp>b; 3)Cy<Cs and 4) Cy, Cs < Cnn.

Consequently, therefore, the values of the new variables are
subject to the following constraints

a)B<C, b)B/C<x; ¢)4,C<]l.

Let us note, especially, that the value of the ratio C4/Cs, i.c.
the value of x, is subject to the conditions

b/Cg < x <1, since b/Cg = (b/Cinx)(Cen/ Cp) = B/C.

Using the same notations we can write down in a similar
manner the formula for the value of AZ:

AZ (c lj AN C
b-A

mx

It can be easily noticed that this formula is the same as for the
case of entry onto an alien market. Yet, this formula contains the
values of 44 and A, that are defined by different expressions.

In connection with the above, now, Figs. 4.10 through 4.12
show the examples of the surfaces, representing the function con-
sidered, depending upon x, C and # for particular values of B (dZ
standing, as before, for AZ in these figures).

[t is now quite appropriate to make the Reader aware that the
value of B = 0.1 in the figure does not at all mean that the producer
has set the price as equal ten times the production cost!

As we already know, from Volume I, in particular, cost of
manufacturing the product is equal

k:b+K-

7
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On the other hand, for small values of B, for instance B = 0.05

and C = 0.5, the range of the admissible values spans the entire
interval: {0.1, 0.2,0.3,...,0.8, 0.9}.

Thus, we can see that only in the second case the issue of the
choice of value of x or Cy is significant in terms of an appropriately
wide range of admissible values of x.

Note, next, that in the first case, when B = 0.6 and C = 0.8,
we have:

B=0.6Cy and Cp=0.8 Cpx,

meaning that we deal with the case of very expensive goods, not
charged with high constant costs, such as, say, artistic jewellery.

In the second case, when B = 0.05 and C = 0.5, we have:
B =Cuy/20 and Cp=0.5 Cpy,

which now means that we deal with expensive goods, charged with
high constant costs (e.g. high actual production costs, high costs of
research and development). The respective examples are passenger
jets, high-power turbines, some medicines or medical interventions.

As we look through the diagrams of dependence of AZ upon
x, we can notice that the optimum value of x oscillates most often

around the value
1 ( B
x=—|1+=1"
2 C

It can also be noted that the value of AZ increases with time
under constant Cp.

Then, as we analyse the structure of the formula for the value
of AZ, we can state that it becomes negative (for » or # =1) when
the first element of the difference is also negative, that is — when
the following inequality is fulfilled:
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CONCLUDING REMARKS

This book, like the previous one, constituting Volume I of the
introduction to a theory of market competition, contains considera-
tions that involve a number of approximations and simplifications.
We, that is — the authors of both these volumes — would like to
draw the attention of the Reader to them.

In general, we do not explicitly consider the vague, uncertain
or “fuzzy” character of some of the quantities we refer to. This
concerns, in particular, such quantities as the limit value of 4 in the
determination of the demand function, A(C).

Likewise, the uncertain, or specific character of some rela-
tions has not been treated in an explicit manner. Thus, for instance,
we state in the book that the situation when the market shares of
two competitors are equal, 50% each, constitutes indeed a kind of
equilibrium, but this is an unstable equilibrium point, for any dis-
turbance to this situation shall drive it far away from the equilib-
rium (assuming, of course, that this disturbance, due to behaviour
of one of the competitors, does not find any “appropriate” reaction
from the side of the other competitor).

In reality, though, this equilibrium point is not that unstable,
i.e. it is not that sensitive to the very small disturbances. Actually,
an interval of insensitivity always exists, due to various reasons,
such as delays, information shortage, lack of reaction of customers
to very small price changes etc. It is even possible that the “hys-
teresis” effect may appear. In terms of the notions introduced in
this book, the magnitude of the zone of insensitivity depends upon
the slope of the production characteristics (the value of the deriva-
tive dk/dp).

Independently of the above remarks the considerations here
presented neglect the effect of the change in the number of poten-
tial customers due to the change in product price. Namely, along
with the change in product price, there is also change in the value
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of the difference C-b, exerting the decisive influence on the magni-
tude of the optimum radius R~ of the area, over which the company
effectively caters to its potential customers. This radius R~ defines,
in turn, the number of such potential customers, i.e. the ones, to
whom the products are effectively supplied. This number, in turn,
together with the income structure of the customers, defines the
value of Anx (see also Volume 1). Yet, in the book, for both com-
panies selling their products for different prices, the very same
value of A, was adopted.

Neglecting this particular aspect is justified by the following
circumstances:

[ ] a company that just enters the market (as well as the
one, which tries to expand its market share) can
hardly afford the advertising saying that its product is
not worse than the one of the competitor, even though
it i1s cheaper — and this not for all the potential cus-

tomers, exception being constituted by the farthest
ones;

[ ] on the other hand, the company defending its market
share and for this purpose decreasing the sales price
of its products, ought not get rid of its more distant
customers, since this would make a very disadvanta-
geous effect on the remaining customers and would
actually accelerate elimination of such a company
from the market.

Of course, the fact that we neglected the influence, exerted by
the changes in the reach, R, was also largely due to the wish of
simplifying the complicated interrelations, constituting the descrip-
tion of the market process, the mechanism of functioning of the
“invisible hand of the market™.

Considerations, contained in the book, do not account, either,
for the influence of advertising, although certain remarks on this
subject are forwarded in Chapter 1.
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Likewise, we did not forward the estimates for the cost of en-
try onto an alien market, which could be formulated with the use of
the formulae for the sales magnitudes (A, and Ag).

When considering the (initial) shares of two competing com-
panies, we analysed the case, when they start from equal market

shares. For modelling and analysing other possible situations, we
could use the coefficient u.

In the case when more than two companies have (non-
negligible) shares in a market, the struggle for the market share
ought to be started with the weakest company, avoiding the appear-
ance of a hostile coalition of the remaining companies on the mar-
ket. Otherwise, it would become necessary to establish an own coa-
lition that would be able to withstand the competition of the other
coalition. In such a case the struggle for the market shares would

reduce to the case of two competitors, that is — to the situation de-
scribed in the book.

In view of these and, indeed, many other aspects that remain
to be accounted for, it is obvious that the description of the mecha-

nism behind the functioning of the “invisible hand” is far from
complete.
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