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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 V

OTHER SPECIAL PROBLEMS

1. On the nonlinear functions of demand and
sharing

In this chapter we shall be analysing the strategies of market
entry for a Company A, with its competitive product “A”, into a
market, on which a resident Company B has been a monopolist, in
the situation, in which the dependence of demand upon price of the
product sold in nonlinear and when the market sharing between the
two competing companies also has a nonlinear character.

In this context we shall be distinguishing four definite special
cases, namely the following ones:

I. Demand is defined by the linear dependence:

A
A=2(C,y =C)

e

and market division is also defined by the linear dependence:
. c . 1. C, )
c,+c 7 C,+C

4

I1. Demand is defined by the linear dependence:

A
i — I mx C - 5
C ( my C)

mx

while market split is defined by the nonlinear dependence:

S c,

4

R G I
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111. Demand 1s defined by a nonlinear dependence:

A, )
j’ = EVL;A(C‘IHY - C)
while market split is defined by a linear dependence:
C C
f— j’ —_ : = ﬂ, —4

A

c,+c = ° T C+C
IV. Demand is defined by a nonlinear dependence:

A

A=—2(C, —Cy
C2 ( FRY C)

h

and market shares are also defined by nonlinear relations:
2 2
C . C,

A,=A— . =A——A
! C+C’ y Cl+C?

The first of the above cases was considered in detail in Chap-
ter 1. Before we start analysing the other three cases, we shall de-
rive a somewhat different form of the expression for the difference
ot profits.

Namely, in Chapter Il, the formula for the difference of prof-
its had the form

AZ=(C=b)-Ad, =2, -AC

We shall modify this expression to a more convenient form,
using the interdependences between the particular quantities, as
shown in Fig. 5.1.

As we substitute these expressions and take into account the
relations, shown in Fig. 5.1, we get
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AL :%-(C—CA)
At =2 e —c). Cz — C4
C.. C +C,
A=A+ AA= %m— (C, . ~C) C;:Cj + g: (C-C,)
B 0
C.. "
TN 2g
g AL
AN TN
i b= —C— (C, —C))
PP U SR G
C,+C C,+C
AL =25 -2 Ad=A-A°
Figure 5.1.
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If we next use the relations from Fig. 5.1, then we can apply
the following transformation of the formula for the value of AZ:

AZ=(C-b)-AL, -1, (C—C,)=
=(C=D)- (A~ )~ (A +AD)-(C~C,) =
—(C=b)- (A + AL+ AL—2)— (A +AA)-(C-C,) =
=(C=b) (AL +A)—(C—C,)-AA—(C-C ) A’ =
—(C,=b)-AA+(C—b)-AL —(C-C,)- A"

As we substitute into the last expression the values of A4, A1’
and A,’, and perform simple transformations (for the Case I1), we
get

az=ta ey e pyic—c e — o €DICFCI=C |
C)L\ 1 C“ + C;
A C. —b B C
—lm O C C _ _
¢, (G Q{% c c}
c-C C,-b -C,
— A . C - . A . A . _
Y ( Y Q C‘tnl\. {C)u’ _ C ( ) C C }

After having performed a similar procedure for all the cases
considered we obtain the following final formulae for the value of
AZ:

L. AZ:AW(CW—CyCF{a- C,=b b
' : C C -C C+C,

mx

ll‘ AZ:A"I\'.(C"".\'_C').C’—_'C’/1 ’ CA—b ( ) B C
C. |C.-C ' +C

2
nx "y A

C c |lc -cc -C C+C

e e Y

L Az Aw(cm_cfpﬁ{;{f?—b D-C, b }
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I\ AZ;%-(C _C)z_C—CJ“J C,-b D-C,

w(C-b)E=C
ny Cnl\' ICNX - C C)U - C Ch + C;
where =€ : D=2C —C.
C—b

n

Now, if we introduce the following notations for the elemen-
tary functions of the variable C4, whose values arc dimensionless:

Cc-C,
Dy =
_ CA_b . _ CA_b .D7CA
ng CHI.( - C ’ gpz C"l\' - C Cm,\' o C
b B-C
P= ey C P, =( )

C+C’
then the formulae for AC take on the following forms:

1’ AZ = Am_\' ’ (Cm,\' - C) ’ w() ’ {wl - q)_?}

. AZ=A, (C.~C)-0, {0 —0,)

A 7
. AZ =m0 (C = C) gy 1P, — 93}

mx

. Az =" (c

mx - Cj)2 . q)() ’ {([)2 - ¢4}

mx

Due to such a notation of the formulae for the difference of
profits, in order to detcrmine the roots of the function AZ it suffices

to verify the courses of the following types of elementary func-
tions:

o y= x;b.D;x,whereS:CM—Cisaconstant;
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b
o y=
C+x
B—-x :
e y=8.-—— — where S=C b isaconstant.
C +x

The remaining functions are linear. The shapes of the above
three functions arc shown, respectively, in Figs. 5.2-4.

Diagram of Y1 (b=1, D=2)

3.5
-
2.5
x
Figure 5.2.
Diagram of Y2 (b=1, C=2)
0.6
0,5
0,4
> 03
0,2
0,1
0
0] 0.5 1 1,5 2 2,5 3 3,5
X
Figure 5.3.
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Diagram of Y3 (B=2, C=2)

0,6

0,2

X

Figure 5.4.

Using the shapes of these elementary functions, we can easily
realise the diagrams of the values of AZ for various cases, with the
Case I having been considered in detail in Chapter I of this volume.

Case 1I.

Fig. 5.5 shows the diagrams of functions ¢, ¢, ¢ and AZ. It
can easily be seen that the range of values of Cy4, in which the dif-

ference of profits, AZ, has a negative value 1s only the part (Co,C)
of the segment (b,C).

The figure shows an approximate course of the function ¢ -¢
intersecting the axis C4 at the point (”. The difference in question
crosses the straight line ¢, forming a triangle over the segment
mentioned. It defines the shape of the parabola, having two roots:
Co and C. The positive part of the parabola corresponds to the
range of values of C, that guarantee a positive value of the differ-
ence of profits AZ. This parabola is, of course, an approximation of

the entire diagram of the values of AZ, which is, naturally, a third
order curve.
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Figurc 5.5.

Alas, determination of the value of C” requires solving of the third
order equation. In practical terms it is much casicr to tabularisc the valucs

of AZ, starting the calculations from the value of C downwards,
until the values of AZ begin to decrease. For this last, biggest value
of C,4, the value of AZ attains maximum.

Let us next analyse the way, in which the interval of variabil-
ity of the value of Cy4, in which the difference of profits has the
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positive value, shall change, if the sales price of the product to date
has been optimal:

1
C'=—-(C__+b).

2 ( my

First of all let us define the shapes of functions ¢, ¢, ¢, &,
¢ 1n the situation, when

c=C’ :l-(Cm\_ +b)
) :
and so the functions in question take on the forms
b = C, —2C,+b
2C,,
¢ =2 Cizh ;
C, —b
C,-bD-C
@:4( 1 =bX 1) , where D = (3Cy— b)/2; or
(CM - b)(CM —b)
=9 (CA — h)(3CM — 2C;¢ — b) .
(CM _b)2 ’
= 2b )
2C,+C, +b’
¢ =2 (CM: b8 - C"’) , where B = bCM—er ; or
4C, +(C,, = b) C, —b

:2b(cw +b)—CA(CM —b) .
4C* +(C,, +b)’ ’

aswellas Cy— C =(Cy  b)2.

Note that the quantities in the parentheses in the above ex-
pressions are positive, since Cy > b, C4 < C=C < Cp, and b < Cy,.
There may only be some problems with the quantities
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Cm.\' - 2C1 + b; D - CA; 3Cm,r - 2C4 - bs and B - CA-

Namely, if we assume that the maximum value of C4 can be
the number

C/™=(1-3)C =(1-6)(Cpe+ h)2,

where o is an arbitrarily small number, different from zero, then
substituting this into the first and the third of the previous expres-
sions, we conclude that they are positive.

If, then, we substitute the value of D into the second expres-
ston, we get

1 1
—-(3C, . —bh)-C,=—-(3C
5 ) Ci=5(

my me b B 2C~{ )

as we have shown before the positive value of the expression.
Similarly, it we substitute the value of B into the last of the expres-
sions, we obtain

Couth o b (Ctb)=C(C, —b)

[) R mx mx myx

cC —-p C

X my

The sign of this expression depends upon the sign of the
nominator. As we equate the nominator to zero, we conclude that
the expression takes on positive values, when the inequality Cy < D
is satisfied.

We should yet determinc the relative locations of the points
corresponding to values of b, B, € C along the axis.

Analysis of values of b and D suggests that inequality b < D
is always fulfilled. Let us, then, check whether D < . For this
purpose we shall use explicit expressions for the two quantities:

T
C -b 2

my

+b)-

This inequality is true, when 36 < C,,,. For this case we must
narrow down the admissible interval of values of C, namely
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b<C,<min{C ;D}.

If36>C,yand D > C*, then we can retain the previous con-
ditions on the values of Cyq,1e. b<Cy <.

Since all the factors, appearing before the expression in the
right-hand stylised brackets in the formulae for AZ in cases I
through IV, are positive, including ¢, so the difference of profits,

AZ, will have a positive value, if the expression in these brackets is
positive.

Besides, as it can be easily noted, functions ¢, ¢, ¢ take
positive values in the entire domain of values of Cy, that is, within

the interval b < C4 < C = C". Only function ¢ changes its sign
within this interval. Namely:

C, +b
C,—b

&> 0 when b(Cyy+ b) — Ci(Cr—b)>0=Cy<C=b

2

or ¢ <0 when Cy > CAO.

Consequently, the range of values of C,, within which ¢ > 0,
is limited to the interval b < C, <min{C", C,"}.

It is also easily noticed that the change in the right-hand side
of the interval is insignificant, if 3b > C),, since then the inequality
C,’>C= C holds. If, however, 3b < Cyy, then c,l< C*, and C," is
situated in the range of admissible values of C that is of interest to
us, and then b < C, < C,".

After having determined the signs of the functions ¢, ¢, ¢
and ¢y, let us find the ranges of values of C,, for which the differ-
ences of these functions take on the positive values. Thus, we are
interested in the signs of the following expressions:

C —2C,+b

L {91 - g for A7 = Vs Am(Cob) =227 (- i}
C —2C. +b

1L {h - da) for AZ = Vo A Coeb) 270 v gy,

mx
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C 20 +b
L {¢h- ¢} for AZ=%(Amx/C,m)(C,,,,\.—b)z"’“’C—“‘Jr

mx

(-}

V. {¢2 - ¢3} fOI‘ AZ = 1/4 (Amx/cmx) (me'b)2 {¢l‘¢4}~

I. Let us consider the first case — for what values of C, the
difference ¢ - ¢ takes on the positive values. As we bring the re-
spective expression to a common denominator, we obtain the
nominator in the form

(C,~b)(C, +C,+b)>b-(C,_—b).

mx myx

After a transformation we get the inequality
Z-Cj +(C, —b)y-C,-2-b-C_>0.

my mx

The left-hand side of the above is the expression representing
a parabola, which intersects the axis of C, at the following two

points
Cm:_l'(c,,,\-_b)’ 1+8—CL”"b—,+l <0
4 V (CI”.\' _b)_

Cp:l(cnn—b) l+8Lb,_l >O
a 4 » (Cm,\' - b)k

and attains minimum value at the point

.
C\=——(C
=7

my - b) °

We should yet check, whether the value Cy; is contained in
the interval of admissible values of Cy, 1.e. b < C4< C . Let us ver-
ify, whether the inequality C' Cy, holds. As we introduce the ex-
pressions for the particular quantities, we get

%-(C}m+b)—%-(Cm—b)-{ 1+8—Cm7'b2-1}>0-

mx

138



Introduction to a Theory of Market Competition 11, St. F. Piasecki

After a series of transformations we obtain the inequality

(3C, +b) —(C, —b)>8-b-C

my Y

which implies that, in fact, Cy» < C". This result limits the admissi-
ble range of values of Cy, since the difference ¢-¢; takes positive
values for C;>C4,. Ultimately, then, we obtain the following range
of values of C,, guaranteeing fulfilment of the condition AZ > 0:

max{ b, C,}<C,<C".

[1. We shall now consider the second case and determinc the

range of values of C, for which the difference ¢-¢ takes on posi-
tive values:

C,—b b C, . +b)-CJ(C,  —
gol_(p4_ ( ) nx )>O
Cm—b 4. C +(C +b)

mx

As we bring the above expression to the common denomina-
tor, we obtain the following form of the inequality:

(C,~b)-[(C, +bY +4C) |>(C, = b)-[b-(C,, +b)~C,(C,,, )]

Then, as we transform the expression obtained and reduce the
similar elements, we ultimately get

2C% —2bC% =2(C2 +b")C,=2bC, (C, +b)>0.

mx [2R%

This is an expression for a third-order curve, which has two
extremes, whose coordinates are defined by the equation

3C2-2bC, —(Co. +b*)=0

mx

C“’):é 1+3M .
T3 b’

1.c.
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The function in question takes at the point Cy, negative
minimum value; this is true also for Cy = 0 and for Cy = b. For Cy
< 2b the values of the function are also negative, if

Cm\‘ 2
RIS QU
b 3

which is not possible.

It is only for Cy = 3b that the function may take positive val-
ues, 1f
C

My <z 2’ 9 .
b

Consequently, it can be concluded that the root of the third-
order function that is of interest to us, is usually located beneath the
value 3b. Thus, we can assume that — in practice — there do not ex-
ist values of Cy, for which the difference ¢i-¢ and AZ may take
positive values. We shall become virtually certain as to this conclu-
sion, when the following inequality holds:

mY

C=C‘:%-(C +b)y<3b-

1. Next, let us analyse the third case, in which we consider

the sign of the difference ¢h-¢s. As we introduce the respective ex-
pressions, we obtain

_(C,=h)-(3C

Li4AY

-2C,-b) b
@, — Py 3 - .
(C, —b) C, +2C, +b

HY

Like before, we bring the expressions obtained to the com-
mon denominator, we get the following form of the nominator,
whose value is decisive for the sign of the difference analysed:

(C,—b)-(3C,. —2C,—b)-(C, +2C,+b)—b-(C, —b).

mx mx “mx

After having performed the respective operations and reduced
similar elements, we obtain an equation of the third order
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~4-Cy4(C, +b)-Ci+[ (20, +b) -2 +C1) |- €, =2-C, b 2C

“mx

—b)

For this equation, roots cannot be defined through simple
formulae. If we differentiate this function then we can determine
the roots of the derivative, i.e. of

—IZCj +8(C, +b)C,+(2C, + by’ — (C}ix +2b%)
by equating this expression to zero. Thereby, we get

2_ 2 >
CAu:l'(C,,,,+b)- 1+ 1+_3_.(2me+b) (2b2 +C:)
I 4 (C_+b)

mx

One of these roots is negative, while the other one — positive.
We are, of course, interested in the positive one. The value of this
root does exceed 0.8(C,,+b).

At this point the function attains a local maximum with a
positive value if the following inequality holds approximately:

3C) ~5hC: -2b°C, —b’>0.

mx mx

Yet, since C = C* = 0.5(C,,tb), the function stays positive

over the entire range of the admissible values of Cy, 1.e. b < Cy <
C.

IV. Let us now pass over to the analysis of the fourth case, for
which the difference ¢- ¢ takes on the form
2.(CA -b)-3C, -2C,-b) iy b-(C  +b)-C, -(Cm,—b).

X

(C, =)’ 4C, +(C,, by’

After we bring the formula to the common denominator and
reduce the similar elements, the nominator we obtain is the fourth-
order polynomial.
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W, =—8C} +4(3C,, +b)C} ~ 2C;, ~4bC,, +3b)C;+

mx mx

+(3C2 +TbC2, +5b°C, +b*)C, —4bC: (C

X inx mx mx my

+b)

Since the denominator of the thus obtained fractional expres-
sion is positive (within the range of values that is of interest to us),
the quantity AZ shall be positive, when the nominator 1s positive,
that 1s — when W, > 0.

The course of the function W, can be determined only in an
approximate manner, using for this purpose the derivatives, having
the courses as shown in Fig. 5.6.

In particular, the course of the square polynomial W,’’ can be
easily drawn, since it attains the maximum value at the point

1

Ci'=2(3:Cuth)

X

while the roots are the numbers

2 2
CALZ :%(3C +b) < lE —§ C’"X 4me,\' +3b

" 3 (3C t+b)’

mx

As this can easily be seen the roots (zeroes) of the function
are located symmetrically and close to the value C,™. Besides, we
know that W,> < 0and C/™ ~ C".

Consequently, we can determine only in a qualitative manner
the courses of the functions W, (Cy), W4 (Cy), Wi(Cy), consecu-
tively, starting with the function W,’’. Fig. 5.6, announced already
before, depicts the respective function courses.

As can be seen from this figure, the chance that there exists
such a value C4 < C that the nominator of the expression has a
positive value, is marginal.
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Wa, Wi, Wi
A\ e
\ 3 .
\ P
\ $ ‘-._( -
\! J 7% N
N VAR S
\ / S
\
L .(
\C .
(I
Figure 5. 6.

We shall assume that the dependence of demand upon prod-
uct price is linear, i.e.

A
A=m . (C —C
c (G0

mx

while the functions of the shares of companies A and B in market
demand are nonlinear, namely
CZ 2
A=A —B ,132,1._2_C4_2_
C,+C; C,+Cy
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Naturally, in the case the two companies sell their competi-
tive products for the same price, the shares are equal (50% each).

Now, presume that before the time instant £, when Company
A started the action, aiming at conquering the market, the prices of
the competitive products were identical: C4 = Cp = C, while total
sales equalled
A

ﬂ'O = ﬁ.(cm.\' - C) )

mx

At the time instant /) Company A lowered the sales price of
its competitive product down to Cy = C - AC, where AC > 0. After
the standard unit time interval elapses, the set of customers gets
divided in the way different from before, namely those, who de-
cided to still purchase the more expensive products of Company B
(who can, therefore, be referred to as conservationists), and the
ones, who either have been already purchasing the products of

Company A, or changed their habits and started to buy the cheaper
products of Company A.

In this manner an uneven division of the market, and of the
set of customers, develops, defined in the following way:
C? C:

Ay == 2 I ) 2

c,+C c,+C
Yet, this is not the only thing that happens. Namely, new cus-
tomers shall appear on the market considered, the ones who have
not been, until #, purchasing the products in question, since they
have been (at the price C) too expensive for them. Now, when the

products of Company A, sold for the lower price C,4, appeared on
the market, they shall start buying them.

So, with the lower prices, total demand shall increase to the
value

,1:%.((;

mx

_CA)’

mx
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meaning that total demand shall increase by the value

AL =44, _’g [(C,m_—CA)—(CW—C)]:%(C—Cq).

mx my

The entirc increase, expressed above, shall occur within the
market share of Company A. Consequently, demand for the prod-
ucts of Company A shall become equal

: A ) : A
Ay =4y TAL=H (G C)”‘-CTCT o (C-C)(6, =C
2y

n A "

-C,).

while the dcmand for products of Company B shall decrease to the
value

2

A
2 R

LT

A o) C
/13 = /10 =_._'2’K(me _C)“ . C

B
Having established the above, let us pass over to the determi-
nation of the value of AZ by applying the respective formula:

AZ = (Cy-b)- AL + (C-b) AX-(C-Cy) 2°,

Amr

mx

C+C, (€Y C

H(C, —b)-(2C, ~C—~C ) HC—b)-(C : -
1 )-(2C,, )+(C=b)-(C,,—C)*- G cac

mx

Now, after simple transformations, we get the following ex-
pression:

C -
7(5“% [bC—(C~b): C]}

AZ— = (C— C){(C -by-2C, -C-C,)—

mx 4

2. On identification of the demand function

We measure demand through the magnitude of free sales, ex-
pressed as the number of similar products sold within a definite
sector or segment of the market. The segment or the sector may
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concern a definite geographical area (like a country, a group of
countries or a continent).

The condition of “free sales” refers to the fact that the sale is
not carried out under pressure, and that it is not limited by the lack
of adequate supply of the product on the market, etc.

Similarly, we must make the reservation that we consider
only the case, when the customers consciously purchase products,
being aware of both the benefits accruing from the use of the prod-
uct and the own financial capacities related to the purchase and
exploitation of the product. In other words, we assume that the cus-

tomers are not under the (decisive) influence of mass hysteria or a
fad.

In an obvious way, the magnitude of demand depends upon
the price C of the product unit and its relation to the income level
of the potential buyer. Then, demand depends also upon the cost of
using the product, which in many cases can be expressed through
the ratio of the purchasing price (C) to the period of use (7) or va-
lidity of the product.

The empirical study of dependence of demand upon the pur-
chasing price consists in the temporary or persistent lowering of the
product price and comparing the demand, expressed in quantitative
terms, before and after the price change. More precisely, the com-
parison ought to be made between two time periods of equal length,
having similar seasonality characteristics, the price being equal C

over the entire the first period and then C-AC over the entire second
period.

The length of the time periods can be extended, in the course
of the analysis of the rate of change of demand, so as to become
sufficiently certain that demand within a given time period stabi-
lised, especially after the price change. On the other hand, the pe-
riod of observation can be shortened, to the instant, when the posi-
tive acceleration of demand increase diminishes to zero and
changes its sign. The thus measured time interval is equal to the
inverted value of & (i.¢. its duration requals 1/a).
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The study of demand can also be carried out with the histori-
cal method, by comparing the sales volumes in particular time pe-
riods, especially when the prices of competitive products undergo
relatively fast changes. If, however, the time periods compared are
separated by longer time periods (e.g. longer than one year) then
we must take into account the potential necessity of introducing a
correction of calculations, allowing for consideration of the possi-
ble change in the purchasing power of the customers, estimated
according to the appropriate “‘consumer basket™.

An example

Assume that during our measurement the increase of sales
took place, so that we obtained two numbers:

| Ap as the cumulated demand value for the first time
interval, when product price was equal C, and

[ | A, = Ay + A4 for demand in the second time interval,
when product price was equal C, = C-AC.

The proper values of demand, Ay and A, are obtained by di-
viding the numbers 4, and A, of the products sold in respective
time intervals by the lengths of these intervals.

By comparing the magnitudes of the increments A4 and AC
we can determine the approximation for the derivative JA/cC, al-
lowing for the determination of the linear approximation to the val-
ues of the demand function, in the neighbourhood of the point C, in
dependence upon the value of price, in particular — a price de-
crease. Of course, determination of the demand function over a
broader area and with greater precision would require multiple

repetitions of the measurements here outlined for different starting
values C.

Usually, knowledge of the course of the demand function
around the current value of price, C, suffices, since in the normal

business activity we rarely can afford bigger changes of product
prices.
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Let us note that for the determination of the linear depend-
ence of demand upon product price we can use also the seasonal or
periodical price decreases, performed on the occasion of some
holidays, anniversaries of the company, etc.

Determination of the appropriate time period that should
elapse since the introduction of price decrease is in reality much
more complicated.

The temporal course of the transition process, from one stable
sales level to another stable sales level, requires definite time pe-
riod, called duration of the transition process. This duration de-
pends upon numerous factors, first of all upon:

B accessibility of the cheaper product for each potential cus-
tomer,

B cncouragement to purchasing of the cheaper product from
the side of mass media,

B strength of the conservatism in the habits of the customers.

This duration time characterises the inertia of the process of
changes in the demand function.

In connection with the above it can happen that at the end of
the pre-defined period of the measurement experiment, meant to
establish the dependence of demand upon the product price, de-
mand may still not be stabilised, and then the period should yet be
extended.

As we analyse deeper the demand process, we can represent
the quantitative measure of the volume of demand, generated by a
statistical customer, in the form of the expression

vN/T

where N is the number of buyers (in a pre-defined time period), vis
the expected (mean) magnitude of a single purchase event that the
statistical buyer makes, and 7T is the mean time interval between
successive purchases.
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As this has been already mentioned, we shall be assuming

further on that v = 1, and then 7T is also the period of use of the
product.

Hence, the frequency of making purchases equals the inverted
time period of use of the product (1/7), and so we get

A=1/T and A= AN =N/T.

In this manner we can (also for # = 1) identify the form of de-

pendence of demand upon the period T of exploitation (wear) of
product unit.

Namely, if at a definite time instant we introduce onto the
market the very same product, having the same price, but character-
ised by a significant improvement in durability, then, after a certain
period of time, when the sales stabilise at a higher level, we may be
able to establish the magnitude of the increase of sales, caused by
the increase of durability. The ratio of these quantities determines,
approximately, the value of the first partial derivative of the func-
tion of demand in dependence upon product durability, similarly as

we made use of the results of measurement of dependence of de-
mand upon price.

As we denote with A(C,T) the dependence of demand upon
the price C and the durability 7, we can write down the expression

for the linear approximation of this function around the point
(Cy,To) in the form

oA oA
ANCT)= ACo,To) + — (C-Co) + —(T-Ty).
(C. 1) = A(Co,To) ac( 0) aT( 0)

We can, of course, write down the approximate dependence
of demand upon many other variables (factors), under, naturally,
definite assumptions. This question is addressed in some other pub-
lications of the first author.

Given that dependence of demand upon price is usually
stronger than upon product durability, the latter shall be neglected
in further considerations, especially when we investigate only the
question of price competition.
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There exists one more method for estimating the dependence
of demand A upon the product price, through indirect estimation of
parameters of the demand function. This, however, is possible only
under the assumption that the respective dependence is linear. The
course of the function is then fully defined by two parameters: L
and Cpx. The entire difficulty in determining their values consists
in the possibly precise estimation of the number of customers, NO,
whose needs are fulfilled by the product considered.

In order to arrive at such an estimation, we must in a possibly
precise manner the group (set) of persons, natural and / or legal,
who are the potential customers and may become actual buyers.

So, in particular, we should possibly precisely define the
characteristic features of these customers, such as:

-- age, gender, occupation, education, area of residence — with
due account of the access to the sales facilities of the given
product (for natural persons);

-- sector of economy, nature of products manufactured, turn-
over value, location of activity (for legal persons), etc.

Of special importance is to establish, whether the potential
customers are within the reach (R) of influence (accessibility) of
the sales facilities of the product (see Volume I). For the thus de-
fined group of potential customers we should determine the upper
and lower boundaries of their incomes.

Having the data as specified above, we can perform estima-
tions of:

- Nmx, the maximum number of potential customers, for
the price of the product tending to zero,

- Cmx, the maximum price of the product, for which the
number of buyers would tend to zero.

When we have the value of N, then we can determine the
value of the maximum demand (for v=1):

A= Anx(1-C/Cx) ot A= a(Cp,-O),
where @ = Any/Cix, and Ay = N/T.
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Having the thus established values of these quantities, we can
determine the dependence of demand upon price.

Yet, this is not the end of the respective procedure. We ought
to check the correctness of the function obtained. Namely, we must
introduce into the thus determined function the current value of the
product sales price, Cy, and the current magnitude Ay of the sales of
the given products on the market considered, irrespective of the
companies that produce them. We then check the consistency of the
two numbers: A(Cy) and Ap. In the case the difference between the
two is too big, in our opinion, we should return to the attempts of
further, more precise determination of the values of Anx and Crx.

In some cases the quantities N, and Cp can be estimated in
a much simpler manner. An explanation of the method of estima-
tion will be shown on the example below.

An example

Assume a bakery produces some kind of bakery, supplied to
the bakery shops in the neighbourhood. The commonly assumed
price of a unit of supplied products (say, a box) by the local baker-
ies i1s Cg. We wish to determine the linear function of demand,
hence to determine the values of parameters of the demand func-
tion: A and Cpy. We do also assume, of course, that the price,

reigning on the market, Cp, is higher than own cost b of producing
the unit mentioned.

If we increase the price, then it shall turn out that even the

closest purchasers shall give up buying bakery products from us,
when the price exceeds the value of C'".

In this manner we have determined the value of Crnx = ¢”. We
can now establish the linear demand function, since we dispose of
the coordinates of two points on this function:

(Cp,Ap) and (C,0).

By solving the resulting problem with two unknown values,
we obtain the formula for Any:
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In this context, let us note that Az is the current magnitude of
sales, for the sales price Cs. Besides, we should remember that we
are interested in the course of the demand function for the values of
Cfrombto Chx=C".

It is somewhat less complicated to estimate the value of the
coefficient «, defining the speed of reaction of the market to the
appearance of the new, competitive product, sold at a lower price.

Thus, it 1s recommended to observe the demand of at least
one of the two competitive products, preferably of the one, whose
price C remained unchanged. The measurement to make concerns
the time that has elapsed since the instant 7y, when the competitive
product started to be sold for the price decreased by AC until the
time instant when demand for the product, whose price remained
unchanged shall decrease to the level defined by

_C-AC
C

a

The length of this time period is the inverse of the coefficient
a, and at the same time this value is the measure of the inertia of
the process, n.

* * *
It is obvious that the issues related to the measurement of pa-
rameters of the demand and cost functions form a much broader

domain than the remarks here forwarded. We simply wished to
illustrate the possibilities of determining these parameters.
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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 Ay (see also Volume 1). Yet, in the book, for both com-
panies selling their products for different prices, the very same
value of A,,x was adopted.

Neglecting this particular aspect is justified by the following
circumstances:

u 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 1s cheaper — and this not for all the potential cus-
tomers, exception being constituted by the farthest
ones;

u 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.

155



Concluding remarks

156



BIBLIOGRAPHY

In view, on the one hand, of the vast body of literature on the
mechanisms of the market, mainly related to the micro-economic
models and analyses, and, on the other, of the quite self-contained
character of the considerations here forwarded, the list of refer-
ences provided is quite short. It contains the publications of the
authors, containing a similar or related content to the one here pre-
sented, and the essential positions, known internationally, which
deal with similar problems.

Jehle G.A., Renyi P.J. (1998) Advanced Microeconomic Theory.
Longman, Inc., London.

Lyszkiewicz W. (1999) Industrial Organization. WSHIFM, War-
szawa.

Malawski M., Wieczorek A., Sosnowska H. (2004) Konkurencja i

kooperacja (Competition and cooperation; in Polish). PWN,
Warszawa.

Piasecki S. (1972) Optymalizacja systemow obstugi technicznej
(Optimisation of the technical service systems; in Polish).
WNT, Warszawa.

Piasecki S. (2000) Sieciowe modele symulacyjne do wyznaczania
strategii rozwoju przedsiebiorstw (Network simulation mo-
dels for determining enterprise development strategies; in Po-

lish). The Interfaces Institute / Systems Research Institute,
Warszawa.

Piasecki S. (1986) Wiclokryterialne projektowanie linii technolo-
gicznych na przyktadzie procesow obrobki (Multicriteria de-
sign of technological assembly lines on the example of the
processing procedures; in Polish). In: Materialy V Konferen-



Bibliography

cji - Polioptymalizacja w projektowaniu. Politechnika Kosza-
linska, Mielno.

Piasecki S. (1999) Teoria kooperacji gospodarczej i miedzynaro-
dowej wymiany handlowej (Theory of economic cooperation
and international trade; in Polish). WSZiP im. B. Janskiego.
Warszawa.

Piasecki S. (2002-2004) Teoria rynkowej konkurencji przemystowej
(Theory of industrial market competition; in Polish). Research
Reports: RB/74/2002, RB/19/2003, RB/9/2004. Systems Re-
search Institute, Warszawa.

Piasecki S. (2003) Oplacalnos¢ uruchomienia produkcji nowych
wyrobow (Profitability of starting manufacturing of new
products; in Polish). Wyd. PN-TTE, Warszawa-Lublin.

Piasecki S. (2005) Optymalizacja logistycznego systemu dostaw
(Optimisation of the logistic system of supply; in Polish). In:
Materialy VII Mi¢dzynarodowej Konferencji 24-25 XI 2005.
AGH, Krakow.

Ruth M., Hannon B. (1997) Modeling Dynamic Economic System.
Springer-Verlag, New York-Berlin-Heidelberg.

Salvatore D. (1995) International Economics. Prentice Hall Inter-
national, Inc., New York.

Tinbergen J. (1965) International Economic Integration. New
York.

158











