MATEMATUYHI METOAMN, MOZEJ1l TA IHOOPMALLIVIHI TEXHOJ10r1i B EKOHOMILI 417

Serhiy V. Melnikov'
DYNAMIC MONOPOLY PRICING UNDER
THE PURCHASE PRICE EFFECT

This paper investigates the dynamic monopoly pricing under the purchase price effect. For this
purpose, a model of monopoly with a difference demand function is constructed. Three criteria of
efficient, discrete and equilibrium solutions are considered.
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JVUHAMIYHE HHIHOYTBOPEHHS MOHOIITOJIII
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Y cmammi 0ocaidxnceno npobaemu OuHaMiUHO20 WIHOYMBOPEHHA MOHONOALL 6 ymoseax Oii
epexmy uinu noxynku. 3 uicro menioro no6yooéano modeav MOHONOAIL 3 PI3HUUECOI0 DYHKUIEIO
nonumy. Poszeasmymo mpu kpumepii epexmuenocmi, 3natideno Ouckpemmui ma pieHOBANCHI
pimenns.
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Cepreii B. MeJbHHKOB
JNHAMMUNYECKOE HEHOOBPA3OBAHUE MOHOITOJINA

C YYETOM DO®®EKTA LIEHBI IIOKYIIKH

B cmamoe uccaedosanvt npobaemol Ounamu4eckozo ueHooOpa308anus MOHONOAUU 6
yeaosusix delicmeus pghexma uenvt noxynxu. C 3moii ueavio nocmpoena mooeab MOHONOAUU ¢
pasnocmuoui yuxuueti cnpoca. Paccmompenvt mpu xpumepus s¢gppexmuenocmu, Haiioenvt
JucKkpemHtble u pagHoBecHbvle peuleHus..

Karouesvte caosa: mononoaus; ounamuueckoe yeHoodpazosanue; uena NOKYNKU; Pa3HOCMHAsS
¢ynkyus cnpoca.

Problem statement. One of the important aspects of the theory and practice of
monopolies is to develop an optimal dynamic pricing strategy. Urgency of the prob-
lem stems from the fact that in practice the costs of exploring all of the demand curve
can be quite substantial. Therefore, modelling of dynamic pricing strategies is cer-
tainly of a great theoretical and practical interest.

Recent research and publications analysis. A number of works have been dedica-
ted to monopoly pricing strategies. P. Aghion, P. Bolton and B. Jullien (1988),
W.J. Baumol and R.E. Quandt (1964), E.P. Lazear (1986) investigated deterministic
demand curves. J.M. Leonard, L. Samuelson and A. Urbano (1993), Y. Levin,
J. McGill and M. Nediak (2010), A. McLennan (1984), M. Rothschild (1974) inves-
tigated the models with stochastic demand. P. McAfee and V. Velde (2008) investiga-
ted the dynamic monopoly pricing under constant elasticity of demand.

Research objectives. When modelling the demand curve linear functions have
often been used. An important characteristic of the demand curve is its elasticity,
defined by the modelling function. It is based on the value of price elasticity of pric-
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ing decisions taken. Linear function is good for modelling of the demand curve, but
has certain disadvantages.

Marketing literature describes the dynamic effect of purchase price (Simon,
1997). According to this, consumer responds not only to the new value price, but also
to the ratio of the new and the previous price. Typically, consumers use the previous
price as the "purchase price". The effect is that the reaction of consumers to price
increases and decreases is asymmetric. For example, if to raise price for some initial
demand volume, and then to reduce it by the same amount, the new demand volume
will be less than the initial demand volume. Price increase will have a strong influence
on the volume of demand than the decline.

‘When using the linear demand function, this effect is absent, the reaction of con-
sumers to price increases and decreases is symmetric. Under the symmetric influence
of prices the monopolist can achieve the global optimum regardless the previous price
because consumers do not care what was the "purchase price".

In modelling the effect of the purchase price represent the demand curve in the
form of difference equation.

Thus, the goal of this article is to explore the dynamic monopoly pricing taking
into account the marketing effect of purchase price.

Key research findings. We investigate the model in the short-run time period,
during which the price elasticity of demand is constant. Demand function with con-
stant price elasticity given in the form of the difference equation is

o,=o,_1xE|—ExEDp—f—1% (1)
t-1

where P; and Q; — the price and the volume of demand in discrete time t (t N, N =

{1, 2, ..., T} — set of moments); E > 0 — the absolute value of price elasticity of
demand (we do not consider the zero elasticity case). Non-negativity condition
E+1

demand P, <P,_ % .
E

We consider 3 criteria: maximum profit at each time point (I), the maximum
profit at the last time point (II), the maximum profit for all time (I1I).

Criterion I — the maximum profit at each time point. We assume that the
monopolist is in the moment t — 1 and wants to maximize profit in the next moment
t.

The monopoly's profit is

F=F -2, = —z)xot-m%—EX%f*q%ﬁ mex. @
t-1 t

. . dF, . .
Equating the first derivative to zero —P‘ =0, we find the optimal price

t
a*=z+ID’“X(E+1)_ZxE,
2xE

2
Second derivative (Z’Pit =— 2 xix Qry <0,i.e. at the price (3) we get the
maximum profit. Here are the optimumt§ of the monopoly with the initial conditions:
Py=10,Q,=22,E=0.83,z=6,t=1, 2, 3 (Figure 1).

tON. 3
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Figure 1. Monopoly's optimums, author's

As we know, when demand is inelastic (E <1), the monopolist is advised to raise
the price. At constant elasticity, which is less than unity, in theory, the price in the next
moment of time () can reach infinity, because consumers do not change their beha-
vior. But with the difference demand function, this situation can not arise outside the
increase or decrease in price. Price increase above the optimum with inelastic
demand may lead to lower profits. This is due to the effect of "purchase price" which
is an important the ratio of new and the previous price.

Note that (1) is a linear nonhomogeneous first-order difference equation. The
general solution for this discrete difference equation with the initial condition P; = P,,

fort=0.

For E=1 P =P, +th tON. 4)
For E#1 P BEH P, +2x Ei—zx = tON. (5)
BxXEQ O 1-E

Using the equilibrium condition P; = P;_;, we find the equilibrium solution of

equation (3):
-z><BI+—H E>1. (6)
O E-10

Thus, the equilibrium price (6) is invariant with respect to the initial price, and
coincides with the optimum price monopolist in statics (McAfee and Johnson, 2005).

Criterion II — the maximum profit at the last time point.

The monopoly's profit is

FT:(PT—z)xQT:(PT—z)xOoxHEI—Efo—fq%H (rpp}%v. 7)
t-1 th
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Then we find partial derivatives and equate them to zero.
Fort=1,2,.

%DPL; “E’(EX(EH)X(P - Z)xQ, x ” E\ EXED— %

j#t,t+1
P =P %P,

t+1"

The second partial derivative is:
’F, _2x P
ot == ExE 4y -2)xQy % [] H-E (10)
aPl‘ 1= 1
it t+1
i.e. relation (9) is the condition of maximum profit.
aFT_Q0 E‘ EXET E—(P —z)x E: (11)
T-1
T1X(E+1)_sz (12)
2xE
Thus, the optimal prices P, , t=1, 2, ..., T — | are the members of a geometric
progression. The optimal price P; coincides with (3). From (9) we obtain another
property of the geometric progression
P, =Py xPy; Py =3Py xP2; Py =3Py xPS; .. P =Py xP},,. (13)
Substituting (12) in (13), we obtain the optimality condition for price Pr_;
Pm—rPxHP“"(E”)”XE . (14)
H 2xE
Pr and P, t=1,2, .., T—2find from (12) and (13). From the equilibrium condi-
tion we obtain that the equilibrium solution coincides with (6).
Criterion III — the maximum profit for all time.
The monopoly's profit is
F= %(Pz -z)xQ, - [max . (15)
Since qualitative analysis of the first partial derivatives of (15) is problematic,
then we will search for the optimal pricing strategy using the tool "Solver" in
Microsoft Excel.
Under the conditions Py =7.5, Qp =25, E=1.52,z=06, t=0,100 the optimal
pricing strategies and trajectories corresponding to profits are shown in Figures 2 and

3. The equilibrium price is equal P° = 17.5. Table 1 shows the values of criteria indi-
cators.

Table 1. Numerical example

_ criterion I I 11
profit

F; 63.5 783 76.3

&Ft 63211 6650.9 7363.5
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Figure 2. Monopoly's optimal price strategies, author's
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Figure 3. Profit dynamic by criteria, author's

In Figures 2 and 3 we see that the strategy by criterion III asymptotically
approaches the equilibrium state by other criteria. For local profit maximization (cri-
terion I) becomes an unreachable global maximum (criterion III). From a certain
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point (in our case at t = 8) local optimization strategy exhausts itself. If the monopo-
list will try to change at t = 8 pricing strategy I to the strategy Il or III, then it will not
be possible to increase profits significantly. Pricing strategy by criterion II is charac-
terized by low, compared with other strategies, growth. This is consistent with the rec-
ommendations of marketers on the gradual increase in prices rather than a single one.

Conclusions and prospects for further research. We have considered the effect of
the purchase limits price increase in inelastic demand and price reduction in elastic
demand. Global and local criteria correspond to different optimal pricing strategies.
For the same price companies may receive different profits — "price" history generates
the corresponding customer loyalty. Not only the absolute value becomes important,
but also the dynamics of prices. Among the strategies considered, there can't be the
best one. The strategy choice will be determined by the objectives of marketing and
planning period.

In the future we plan to model the monopoly pricing strategies taking into
account other marketing effects.
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