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MODELING AN EFFECTIVE STRATEGY OF ADVERTISING
INVESTMENTS OF FIRM IN THE COMPETITIVE MARKET

MOJIEJIOBAHHS EOEKTUBHOI CTPATETTI PEKJIAMHUMX BKJIAJIEHb ®IPMUA
HA KOHKYPEHTHOMY PUHKY

In this article, a dynamic model of the company's sales dependence on advertising costs is
constructed. In a competitive market, advertising is not only a means of increasing demand, but
also a competition tool at a level with the price. Advertising allows you to increase sales, but the
dependence of increasing demand from increased advertising costs is not linear. If you increase
your advertising costs after a certain value, their efficiency will decrease. This model takes into
account the dependence of advertising efficiency on the change in the market share of advertising
costs of the firm. It is shown that the complexity of capturing a new audience will grow
geometrically, and therefore the efficiency of advertising will decrease geometrically. Together

with the saturation of advertising, this is reflected in the parameter i;,. Advertising does not work

instantly, since its inception, the information is accumulated in the minds of people with each
meeting with advertising and reaches the peak after a certain time. If the ads become smaller,
then people will forget it more quickly than they will be reminded of it, and the peak of their
knowledge of the product will fall. When ads appear to people, it takes some time until their
knowledge of the product reaches a peak above which they will not be able to assimilate
advertising, because they will forget its details at the same speed. As a rule, this requires about
two weeks of advertising. The second manifestation of the delay is related to knowledge of the
product as a whole. This requires a relatively long period of time. The model reflects the effect of
delayed ad exposure, which is expressed in the so-called “inertial sales”. They can form the bulk
of the sales, due to advertising. That increases the importance of promotional investments in the
long run, so that real-time advertising may not pay off itself, but eventually turns into profit. In the
model, the delay associated with knowledge of the product as a whole is taken on average about a
year. So it takes into account seasonality of sales volumes. And given the dynamics of market
change over the past period, their corresponding change is taken into account. In the model,
“inertial sales” are calculated in proportion to the parts from the required time, where changes
take place. General sales consist of “inertial sales” and those are caused by short-term
advertising influence.

Keywords: the share of the advertising market, the effectiveness of advertising, the
dynamics of market change, delay in the influence of advertising.

Y cmammi nobyoosana ounamiuna mooensb 3anedcHocmi npooaxcie ipmu 6i0 sumpam Ha
peknamy. Ha KonKypenmHomy pumky pexiama € He milvbKu 3acobom nio8UWeHHs nonumy, aje i
IHCIMPYMEeHMOM KOHKYPeHmHOI bopombbu HapisHi 3 yinoi. Pexnama 0o3zeonse 30invuumu odcse
npooaxicie, 0OHAK 3ANeHCHICMb NIOBUUeHHS NONUMY 8i0 NIOBUWEHHS PEeKIAMHUX 8UMPAm He €
niHitHoro. Ilicns neeHoeo pieHs pekiamHux eKiadeHs ix egpekmusHicms 0yOe cnadamu. B moodeni



8DAXOBYEMbCA  3ANICHCHICIb  epeKmuUeHoCcmi  pexkiamu 6i0 3MIHU YACMKU DPUHKY PEeKIaAMHUX
sumpam ¢hipmu. Iloxazyemvcs, wo cKiaoHicms 3axeamy HOG0I ayoumopii 06yde 3pocmamu
eeomempudHo, momy U eghekmugHicmo pexiamu 0yoe cnadamu ceomempuyHo. Pazom i3
HACUYEHHAM PeKIamolo ye idobpaixcacmvcs y napamempi ly,. Pexnama ne Odie mummeso, 3
MOMeHmY il nouamky iHopmayis HAKONUYYEMbC Y CEIOOMOCMI IH00€ll 3 KOICHOIO 3YCMPIYUio 3
PeKamoro i 0ocaeae nUKy uepes nesHutll yac. Axkwo pexiamu cmaue mMeHuie, mo noou NOYHYmMb
3abysamu il weuoue, Hidc im 6y0ymv Haeadysamu npo Heli, i MUK ix 3Hanb npo mosap enade. Ilpu
nos8i pexiamu 100am nompiben 0esaKuti Yac, NOKU ix 3HaHHs NPO Mo8ap He 00CMUHe NUKY, GULL4e
AKO20 BOHU He 3MOICYMb 3AC60I06AMU peKIamy, depe3 me, wjo 6yoyme 3abyeamu ii demani 3
PpisHO0 weuoxicmio. Ak npasuno Ha ye nompioHo 61U3bKO 080X MUNCHIE pexnamu. Jpyauil nposas
3aMpumMKU BNAUSY PEKAAMU NO8 A3AHUL i3 3HAHHAM Npo mosap y yinomy. /[nsa yvoco nompiden
NOPIBHAHO BequKkutl nepioo uacy. B mooeni 8idobpasicena enacmugicms 6naugy pekiamu i3
3amMpUMKOIO, WO BUPAINCAEMBbCA 6 MAK 36anux “iHepyitiHux npoodadxcax”. Bowu modxcyms
chopmysamu OCHOBHY dacmuuy npooasxic, 00ymosieHux pexkiamor. LlJo niosuwye sHauumicmo
PEKNaMHUX 6KIAOEHb 6 00820CMPOKOBOMY Nepiodi 6npoooexHC 00 MmMo20, WO peKiamd 6
NOMOYHOMY nepiodi Modice He oKynamu cebe, ane 3 yacom nepexooums 6 npudymok. Ilpose
3aMPUMKU, NO8 A3AHUL i3 3HAHHAM NPO MOBAP Y YIIOMY, 8 MOOeNl Oepemuvcs 8 cepeoHboMy Ois
poxy. Takum wunom 8paxosana ce30HHICMb 00CA2I8 NPOOadicie. A 3 ypaxysanHsAM OUHAMIKU 3MIHU
PUHKY 3G MUHYIUL Nepiod Ypaxo8yemvbcs ix 6i0nogiona 3mina. B modeni “inepyitini npooasici”
PO3DAX08YIOMbCA NPONOPYILIHO YACMUHI 8I0 HEOOXIOHO020 Uacy, oe 8i0bysaromvcs sMminu. 3a2anvHi
npooaxci  ckiaoaromecsa 3 “iHepyiHux — npooaxcie’  ma  mux, wo  00YMOGIEeHI
KOPOMKOMEPMIHOBUM GNIUBOM DEKIAMU.

KirouoBi ciioBa: yacTka peKkiaMHOTO PUHKY, €()EKTHUBHICTh PEKJIaMH, TUHAMIKa 3MiHU
PHUHKY, 3aTPUMKa BITUBY PEKIaMH.

Introduction. Mathematical formalization of such complex and multifaceted
activities as marketing is hardly possible. Nevertheless, for individual marketing
elements, mathematical modeling is entirely acceptable and can be useful. It is
primarily about the costs of advertising. Determining the best advertising costs is
one of the complex challenges faced by the leadership of any firm.

In a competitive market, advertising is not only a means of increasing
demand, but also a competition tool along with price. In addition, the effect of
advertising is delayed. [1]

Advertising allows you to increase sales, but the dependence of increasing
demand from increased advertising costs is not linear. If you increase your
advertising costs after a certain value, their efficiency will decrease.

Since there are other companies selling similar products or services on the
market and your firm shares the same audience with them, one part of people will
buy your product, and the other part is the product of competitors. They will make
their choice based on many criteria, including advertising.

In certain periods your product will be bought more. From the point of view
of advertising, this means that the number of people who can be promoted by
advertising will buy more, and hence advertising costs should be higher.



Advertising does not work instantly, since its inception, the information is
accumulated in the minds of people with each meeting with advertising and reaches
the peak after a certain time. If the ads become smaller, then people will forget it
more quickly than they will be reminded of it, and the peak of their knowledge of
the product will fall. If there is no advertising at all, their knowledge will be
extinguished for some time until they reach the minimum level. [2]

A simple dynamic model of controlling advertising costs was formulated in
[3] and has the form:

-
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under conditions .t=-a-x+k-A[1 — Iif] x(0)=x°, 0< A(H)< 4,

where x(t) is the sales volume at time point t, A(t) is the level of advertising activity
of the enterprise, M is the market volume, T, a, k, 4 are given positive parameters.

The first term in the differential equation is explained by the limited volume

of output potentially destined for realization in a certain period of time. The second
term describes the possible reaction of the product realization process depending on
the advertising activity in the unoccupied part of the market.
On the basis of the model under consideration, in [4] the existence of the minimum
admissible level of expenditures for advertising activity is proved, upon attainment
of which there is a definite effect on the realization. In addition, the author [4]
considers the generalization of the initial model, introducing a fixed lag of the
delayed influence of advertising activities on sales as follows:

x(D=-ax+eAt|1- 2]
and also A(§)=A, in the case &£[-1,0].

For the given case it is proved that the optimal expenses for advertising and the
asymptotic level of sales will remain the same as in the solution of the model
without taking into account the delayed influence of advertising [4].

Another generalization of the initial model in [4] consists in taking into account the
actions of competitors in the market of a certain product. In this case

.t.:,:-a-x0+k-A(t)[1 —% ,
where dy is the cumulative share of competitors in the market, d, is the share of the
enterprise in question on the market, Xo(t) is the sales volume of the enterprise under
consideration at time t.
One can see that in the models considered, seasonality of sales did not appear.
The volume of products, potentially intended for sale in a certain period of time, is
limited. The capacity of the market, the market share of the enterprise under



consideration and the cumulative share of its competitors are unchanged. The
possibility of capturing competitors' clients is not reflected. Short-term and long-
term effects of advertising on consumers are also not considered.

Setting objectives. Consider the economic decision-making strategy to
determine the cost of advertising in a competitive market, taking into account
seasonality and the effects of advertising on consumers: saturation and delays.

We will construct a dynamic model of the firm's sales at the time t, based on
the sales data of the firm, the share of its advertising market in the present and
previous periods.

Methodology. In analyzing the influence of advertising and building a model,
a dynamic approach and models with a time delay were used.

Research results. Advertising costs are denoted by 4. In this case,

advertising has some efficiency, which is quite unstable. It is influenced by two
main sources — internal and external.

Internal influence shows how the investment in advertising is converted into
sales. For example, where were the money invested — in television, the Internet, the
radio, or elsewhere. External factors of influence — this is something we cannot
influence. Mostly it's our customers and competitors.

In this case, when modeling the efficiency of advertising on the basis of it is
necessary to take averaged data for past periods.

This means that we have some correlation between the money that we have
additionally invested in advertising and the increase in sales. This will be our
advertising efficiency, which we will denote by b.

At the same time, the efficiency of advertising varies from its quantity,
namely, our competitors and customers are sensitive to the amount of our
advertising.

Competitors also have their own advertising, and in response to an increase in
our advertising will increase their own, which will reduce our efficiency, because
they operate on the same audience. Therefore, for convenience, advertising costs

can also be recorded as § — the share of advertising market, which includes our

competitors. Here R is an advertising market (the volume of advertising of our

company and competitors (in money), which acts on customers).

In this case, the dependence will have the following form:
b=y- 5,

R
where x is the saturation parameter by our advertising.
If we want to change the market share of advertising, we will come across a

number of consequences. First of all, this change will affect the customers of our
competitors, and some of them will become ours (Figure 1).
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Figure 1 — Consequences of increasing the share of the advertising market

It will also affect our old customers and, accordingly, their saturation with
advertising. Our expansion will cause the competitors to react accordingly. Even if
there is no reaction, it will become more and more difficult to capture his audience,
as there are numerous external factors that influence the choice of clients. There are
territorial features, product features, independent recommendations and many others
(Figure 2).
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Figure 2 — Dependence of advertising efficiency on the size of advertising
investments

Therefore, changing the efficiency of advertising relative to the change in the
size of advertising costs will be as follows:
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where i, is a certain positive number, which expresses the sum of all factors that
respond to the advertising activities of the firm. The main ones are competitors and
their clients.

The level of loyalty shows how stable the position of the clients of firms in
choosing the product of the firm. When increasing of advertising investments of one
firm, its pyramid of influence will grow and will capture a small part of the
neighboring ones, which is the most bearish. Accordingly, in order to capture higher



shares, much more investments will be required. In a compilation with saturation of
advertising, this is reflected in the parameter i,,.

Dependence i, & &iz= of the present on the previous period shows that the
difficulty of capturing a new audience will increase geometrically, and therefore the
efficiency of the advertisement will decrease, respectively, geometrically.

But this is the efficiency of advertising for the current period, and the impact
of advertising has the ability to manifest itself with a delay.

For this reason, let's consider two main manifestations of the delay.

When ads appear to people, it takes some time until their knowledge of the
product reaches a peak above which they will not be able to assimilate advertising,
because they will forget its details at the same speed. As a rule, this requires about
two weeks of advertising. [2]

The second manifestation of the delay is related to knowledge of the product
as a whole. This requires a relatively long period of time. For different goods or
services differently, but on average there is about one year. It depends on the
amount of our advertising and the amount of advertisements competitors — we have

all the same ratio g It affects “inertial sales”, which are further denoted by x,;.

They can form the bulk of the sales, due to advertising (depending on the
product). That increases the importance of promotional investments in the long run,
so that real-time advertising may not pay off itself, but eventually turns into profit.

The manifestation of the delay associated with knowledge of the product as a
whole, we will assume an average of about one year. Thus, let's consider seasonality
of sales volumes. And with the inclusion of the indicator of the dynamics of market
change over the past period, we will consider their respective changes.

A(t) A(f—r)) A(S) A1)

X(w) (t,7) = Xw) (t—=1)*a(t)* (R I(E':If R(t—1) ffbﬁlit:i"ﬁ{t—r:; * T

where a(t) is the dynamics of market change over the past period; Tt expresses a

part where changes occur.

For example, we increased the market share of advertising over two months
by 10%. So “inertial sales”, taking into account all geometric penalties due to
competitors and saturation, will change to a certain number, which we will divide
by 6. (For the reason that we have a period of change of 1 year, and 2 months is 1/6
years.) That is, the effect of changing in the share of the advertising market is
directly proportional to the part of the year for which these changes occurred.

In this dependence, the time lag is 1, which allows you to take into account
the seasonality of sales based on sales of the past period, and the long-term effect of



advertising. This, of course, is a certain simplification. The indicator of market
dynamics reflects market trends.

General sales consist of “inertial sales” and sales, which are caused by short-
term advertising influence. In general, our advertising costs will bring us the
following sales:

x(t) =2, xq (6,1) + k= A(E) = b(t, 1),

where K is a preset positive parameter.

Unlike [4, p. 71], unlimited production is taken into account in the presented
research.

Conclusions. In the article, a dynamic model of the firm's sales dependence on
advertising costs is constructed. The constructed model can be considered as a
model with discrete time.

In this model, the seasonality of sales is manifested through dynamics. The
volume of products, potentially intended for sale in a certain period of time, is
unlimited. The volume of the advertising market, the share of the advertising market
of the enterprise under consideration is not assumed to be constant. This affects the
ability to capture customers' competitors.

It is shown that the complexity of capturing a new audience will grow
geometrically, and therefore the efficiency of advertising will decrease
geometrically. The model reflects the effect of delayed ad exposure, which is
expressed in the so-called “inertial sales”. They demonstrate the importance of
advertising investment in the long term. General sales consist of “inertial sales” and
those are caused by short-term advertising influence.

The above results can be used in calculating the volume of advertising
investments in those or other periods, for example, to achieve maximum sales for a
certain time, while limiting the total amount of advertising costs. Further research,
for individual markets, are related to i;,, which expresses the sum of all reactions to

advertising activities of the firm.

In the constructed model for acquaintance of buyers with the goods as a
whole the period of time equal one year was supposed. If this period is not the
same, the necessary changes for “inertial sales” must be made.

In the model, we can assume the dependence of “inertial sales” different from
direct proportionality, on the time interval during which there are changes in the
share of the advertising market.
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