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Abstract

This paper discusses the problem of selecting a set of online marketing tools, advertising space, places and
duration of display of advertising communications (AC) restricted by a tight advertising budget. The tool offered
to evaluate the efficiency of AC display is the conversion rate. The paper reviews the methods for calculating
the conversion rate. The formalized problem statement is represented as an integer valued linear programming
model and reduced to maximization of the total conversion from advertising communications displayed under a
tight advertising budget and with a limited selection of online marketing tools and duration of AC display.

The paper describes a solution algorithm based on the method of wave planning. It allows the decision maker
to run an iterative decision making process in each interval of the planning period based on the AC conversion
rate obtained at the previous stage. The authors propose methods for calculating input parameters for the model:
AC display conversion rate, cost of AC placement in the advertising space over the shortest possible period,
average number of AC displays over the shortest possible period.

The paper describes the results of experimental study of the model and the algorithm using the example of
AC planning for Electronic Timetable software marketing to colleges and universities of the Kemerovo region.
The results have practical value for executives and marketing managers of small innovation-based companies
running advertising campaigns and planning communications with potential consumers using the tools of online
marketing.
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Introduction market of potential users is determined, and its target
segments are identified. SWP delivery options differen-
tiated by functional and business models for each tar-
finished software product (SWP) is planning get market segment are formed, and the structure and

to bring it to market. At the same time, a basic | composition of advertising communications focused on

et us assume that a small IT company having a
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consumer preferences of the potential users are devel-
oped [1—4]. The company leaders face the task of devel-
oping a plan of marketing activities which includes an
advertising campaign. Taking into account the high cost
of traditional channels for dissemination of advertising
(print media, radio, television, telephony and others), it
is reasonable to use various online marketing tools, i.e.
media advertising, contextual advertising, Internet-PR,
participation in partner programs, promotion in social
media, search engine optimization, address dispatch
of advertisements as a channel of marketing specialists’
communication with the target audience. Under these
circumstances, the company management needs to
solve the problem of selecting a set of online marketing
tools, advertising spaces, display spaces and duration of
posting advertising communications within the limited
advertising budget.

1. Statement of the problem

In subsequent presentation, the following terminology
is used. Advertising space is taken to mean an Internet
resource on which an advertising communication can
be posted. For spreading advertising communications,
it is recommended to simultaneously use several adver-
tising spaces. A specific place designated for display of
advertising communications on the advertising space
through a specific online marketing tool (display adver-
tising, contextual advertising, Internet-PR and others)
is a display position. According to recommendations [5,
6], the communication process should use several online
marketing tools, for each of which a certain number of
display positions can be available. The advertising cam-
paign is carried out in a specified planning interval defin-
ing the duration of the communication impact on repre-
sentatives of the target audience (number of days, weeks,
months, quarters). For each display position, a mini-
mum allowed interval of posting advertising communi-
cations is established. The duration of posting advertising
communications for each display position is measured
in units of the planning interval and is determined as the
sum of minimum allowed posting intervals. Taking into
account the effect of advertising “burn-out”, it is neces-
sary to limit the duration of posting the advertising com-
munications for each display position [7].

Target action is an expected response of the target au-
dience representatives to reading advertising commu-
nications: go to a website that contains information on
SWP, download a SWP demo, execute an online-order
for purchasing a SWP, etc. The effectiveness of display-
ing advertising communications in each position is as-
sessed using the conversion rate, which may be calcu-
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lated according to the following options [6]:

4 relation of the number of users who received adver-
tising communications to the total number of Internet
users;

4 relation of the number of users who paid attention
to the advertising communication to the number of users
to whom it was delivered,;

4 relation of the number of interested users to the
number of users who paid attention to the advertising
communication;

4 relation of the number of users who visited the SWP
Internet resource to the number of interested users;

4 relation of the number of users who performed a tar-
get action on the SWP Internet resource to the number
of visitors to the Internet resource;

4 relation of the number of users who revisited the In-
ternet resource to the number of visitors.

In this case, in accordance with the stages of user in-
teraction with the advertising communication (dem-
onstration of advertising communication, highlighting,
motivation, visiting the Website, action, repetition) list-
ed in the literature [8], the conversion rate is calculated
as the relation of the number of representatives of the
target audience who performed a targeted action to the
number of users who have contact with the advertising
communication expressed as a percentage.

Based on the definitions introduced, the problem of
selecting positions and duration of posting the advertis-
ing communications can be formulated in the form of
the following mathematical model. Let us assume that
assigned are: R — advertising budget; 7 — duration of
the planning interval; 1= {1, ..., n} — a set of advertis-
ing spaces; J = {1, ..., m} — a set of tools disseminating
advertising communications; L=1{/;},i=1Ln, j=1,m —
a set of available display positions in the i-th advertising
space through the j-th tool.

In this case, each display position is characterized as
follows:

1, — minimum allowed interval of posting the advertis-
ing communication in the p-th position;

T. — maximum duration of posting the advertising

iip
communication in the p-th position;

Cip— advertising cost for a minimum allowed interval
in the p-th position;

v,, — average number of displays of the advertis-

ing communication for a minimum allowed interval of
placement in the p-th position;

k,-j,, — display conversion in the p-th position.
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It is necessary to determine a set
X = {x,ﬁ,}, i= ﬁ j= ﬂ p= ﬁ while maximizing
the total conversion through displays of the advertising
communications (1) and implementing a set of con-
straints (2—5), where X, = {0, 1, 2, ..., d} is a number
of minimum allowed intervals of posting the advertising
communication in the p-th position of the i-th advertis-
ing space using the j-th tool in maximum achievement
of a number of desired actions:

n om
Z:zzzkyp'xyp'vyp — max.

i=1 j=1 p=1

ey

The total cost of posting the advertising communica-
tions should not exceed the advertising budget:

n lj

chijp Xy S R.

i=1 j=1 p=1

(@)

To disseminate advertising communications, all on-
line marketing tools selected by decision-makers should
be used:

ZZXW 1, j 3)

i=1 p=1

The duration of posting advertising communications
on each advertising space using a specific tool should not
exceed the duration of the planning interval:

Iy

Z/p ipj

p=1

=Ln j=1m.

I/\

4

The duration of posting advertising communications
in each display position should not exceed the threshold
set by the decision-maker:

Xt <T., i=ln j=1mp=11,.

gp iy >

(&)

The mathematical model presented (1—5) is an inte-
ger linear programming problem and can be solved us-
ing a table processor that is part of an office suite of ap-
plications (Microsoft office Excel, OpenOffice Calc and
others) or specialized mathematical packages, including
Linear Program Solver (LiPS) and MATLAB.

2. Problem solution algorithm

The algorithm is based on the wave planning proce-
dure [5, 9]. This selection is prompted by the lack of
empirical data on the quality of communication ac-
tions at the stage of introducing a product to the market
and possible inaccuracies in determining the average
number of displays. The procedure consists in divid-
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ing the duration of the advertising campaign into short
intervals (waves) and planning subsequent next wave
after implementation of the previous one. This allows
the company management to analyze the results ob-
tained at the previous step, and to adjust the conver-
sion projections for the next wave. In consideration of
the foregoing, the algorithm for solving the problem of
selecting advertising spaces and positions of advertising
communications for each target segment can be pre-
sented as a sequence of steps.

Step 1. Determining the characteristics of the current
wave. The decision-maker determines the current wave
planning interval and specifies the duration of the plan-
ning interval, the amount of the advertising budget and
the list of online marketing tools used for disseminating
the advertising communications.

Step 2. Determining a list of display positions. The
decision-maker selects a list of advertising spaces and
possible display positions for each of them. The values
of cost parameters for posting an advertising communi-
cation, minimum allowed placing interval and average
amount of displays for an allowed posting interval are
determined for each display position.

Step 3. Determining projected values of placement rates
for advertising communications. The decision-maker
specifies a projected display conversion and the maxi-
mum duration of placement for each display position.

Step 4. Selecting positions and duration of displays.
The problem solution (5.1) using one of the software
packages. The result obtained is taken to be the optimal
plan of placing the advertising communications in the
current planning interval.

Step 5. Implementing the posting plan. In accordance
with the result obtained in Step 4, activities on posting
the advertising communications are performed. During
the advertising campaign, the decision-maker collects
the achieved indicators and analyzes their deviations
from the values predicted in Step 3.

Step 6. Planning the next wave. After implementing the
current wave of the advertising communications plan, a
transition to Step 1 with data correction in Steps 2 and 3
is performed, or a decision is taken on completion of the
advertising campaign.

3. Calculation methods
for initial model parameters

To predict the conversion rate, the Project Evaluation
and Review Technique (PERT) will be used [10]. The
essence of this technique is that in determining the pro-
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jected value of the conversion rate the decision-maker
gives three estimations: o — optimistic; p — pessimistic;
b — realistic. The optimistic estimation of the conver-
sion assumes that the advertising communication is im-
plemented and posted in such a way that the target audi-
ence representatives will pay attention to it, be interested
in the product and, with a high degree of probability, will
perform a desired action. The pessimistic estimation of
the conversion is made under the assumption that most
of the receivers of the advertising communication will
demonstrate little interest, and only a small part of them
will perform a desired action. A realistic estimation of
the conversion means the most probable estimation per-
formed based on statistically average values of the con-
versions representative of the Internet marketing tools
used. The average estimation of conversion prediction
is determined by multiplying the realistic estimation by
4, adding the optimistic and pessimistic estimations and
dividing the result by 6.

The cost of placing advertising communications is de-
termined based on the existing cost models of advertis-
ing on the Internet. As of today, four basic cost models
can be identified: a fixed cost for advertising for a certain
period (Flat Fee Advertising, FFA), cost for a thousand
displays of the advertising communication (Cost Per
Thousand, CPM, where M is a Roman designation of a
thousand), Cost per Click (CPC) and Cost per desired
Action (CPA) [11].

In this case, the FFA model is used as a reference
model for determining the cost parameter of posting ad-
vertising communications for the minimum allowed in-
terval. Recalculation of the cost of advertising based on
FFA models depending on other established models of
advertising spaces is determined by the formulas (6—8).

For CPM model the formula is as follows

V.-C
C. = cey
FFA 1000 (6)

where V' — average number of displays of advertising com-
munications for a minimum allowed posting interval;

CCPM — fixed cost of a thousand displays.

For the CPC model, the formula is as follows

CFFA = V'CCPC -CTR, @

where C,,. — cost of one click;

CTR — conversion of transitions (“clicks”) relative to
displays of advertising communication.

For the CPA model, the formula is as follows
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Crpy =V -Cepy-CTA,

8)

where C,,, — cost of a desired action;

CTA — conversion of performing desired actions to
displays of advertising communication.

Data on the average number of displays for a certain pe-
riod of time is generally published at advertising spaces,
and can also be obtained from the owners of the adver-
tising space or from statistical data of external systems of
web analytics, such as Google Analytics, Yandex.Met-
rics, Liveinternet and others.

4. Experimental studies

The experimental studies of the proposed models and
algorithms were conducted on the example of developing
an advertising communications plan while promoting
SWP “Electronic training agenda” in secondary schools
and higher educational institutions of the Kemerovo re-
gion. To post advertising communications at advertis-
ing spaces of the news portal “GOROD NOVOSTEY.
News Agency” (City-N.ru), portal “NCW (Independ-
ent City Website) Kemerovo” (ngs42.ru), Kemerovo’s
Newspaper (a42.ru), news portal “Electronic Kuzbass”
(e-kuzbass.ru), the information-entertainment portal
“KHUTOR?” (hutor.ru) and the social network “Vkon-
takte” were selected. Media advertising and Internet-PR
should be used as tools for advertising communications.
The dimension of the problem of these initial data was
38 variables and 41 restrictions.

The following parameters have been identified for the
first wave of the advertising plan:

4 duration of posting advertising communications — 7
days;

4 advertising budget — 17,100 rubles;

4 online marketing tools — Internet-PR and media
advertising;

4 allowable display period — from 1 to 30 days;

4 maximum duration of displays — from 3 to 7 days;

4 projected conversion — from 0.001 to 0.02 %;

4 cost of posting FFA over the allowable planning in-
terval — from 250 to 21,000 rubles.

As a result of solving the mathematical problem by
means of a table processor of the office software suite
LibreOffice Calc, the following decision was taken on
arranging advertising communications for SWP promo-
tion in the higher educational institutions in the Ke-
merovo Region: posting advertorials on news portals
“GOROD NOVOSTEY” (city-n.ru) and “Electronic
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Kuzbass” (e-kuzbass.ru), media advertising for seven
days on the news portal “GOROD NOVOSTEY,” plac-
ing a banner and targeted advertising in the social net-
work "Vkontakte," daily placement of four banners on
the information and entertainment portal “KHUTO-
ROK?”. In so doing, the cost of the advertising budget
was 17,047.4 rubles, the expected number of displays of
advertising communications is 2,889.4 thousands and
the number of links to the site of SWP “Electronic train-
ing agenda service FlipTable.ru” is 392.

In experimental studies, the model was tested only dur-
ing the planning of one advertising wave. For this reason,
the impacts of changes in the decision-maker’s projected
conversion on the solution results in the next waves were

not studied. With the expansion of practical use of the
model, the study of this conformity may be of interest.

Conclusion

The mathematical model and algorithm presented for
selecting positions for advertising communications and
duration on Internet sites make it possible to increase the
number of desired actions of potential SWP customers us-
ing a set of online marketing tools within a limited budg-
et. On the practical level, use of the study results allows
managers of small innovative enterprises to increase the
effectiveness of advertising campaigns through sequential
optimization of the projected conversion rates for desired
actions of the target audience representatives. m
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AHHOTAIUA

B crathe paccmoTpeHa 3amaya BbIOOpa KOMILIEKCAa MHCTPYMEHTOB WMHTepHET-MapKeTWHIa, peKJIaMHbBIX
IUTOIIAIOK, MECT TT0Ka3a M MPOJOKUTEILHOCTH pa3MElIcHUSI HA HUX KOMMYHUKAIIMOHHBIX COOOIEHUI B YCIIOBUSAX
OrpaHMYEHHOIO PeKJIaMHOro OromkeTa. Pe3ynbTaTUBHOCTh IMOKA30B HA KaXIOM MeCTe IpenjiaraeTcsl OleHUBATh C
TTOMOIIIBIO TTOKa3aresist KoHBepcun. [1puBeneH 0630p BapraHTOB pacyeTa Imoka3aTesisi KoHBepcuu. DopmanuzoBaHHasT
IMOCTAaHOBKA 3afaud MpeACTaBlIeHa B BHUIE LIEIOYMCICHHONW MOIEIN JIMHEWHOTO TPOrpaMMUPOBAHUS U CBeleHa K
MaKCUMU3alM¥ CYMMapHOI KOHBEPCUH OT MOKa3a KOMMYHUKAILIMOHHBIX COOOIIEHU I MPU OTpaHUUEHUSIX Ha pa3Mep
PEKJIaMHOTO OIOKeTa, KOJTMIECTBO UCTIOIB3YeMbIX MHCTPYMEHTOB MHTepHET-MapKeTUHTa, TPOIO/KUTETEHOCTD X
pa3MelleHMs Ha peKJIaMHBIX TIJIOIaaKaX U MecTax ImoKasa.

OnucaH aJIrOpUTM pellieHUs 3a1a4yld, B OCHOBY KOTOPOTO TOJIOKEHAa METOIMKA BOJIHOBOTO TJIaHUPOBAHUS. DTO
MO3BOJISIET JIMILy, TpuHUMalolieMy peienue (JITIP), opraHn3oBaTh MTepallMOHHBINA MpPOILIECC MOMCKA pPEIIeHUs
B KaXXIIOM MHTepBaJjie IIAHUPYEMOTO Teproja ¢ y4eToM ITOJIYyYeHHOI Ha TMpeblayllieM Iare KOHBEpCUH MoKasa.
[IpemtoxeHbI METOABI pacueTa MCXOMHBIX ITapaMETPOB MOIEIN: KOHBEPCHUil ITOKA30B, CTOMMOCTU pa3MEIICHUS
KOMMYHMKAIIMOHHBIX COOOIIEHU I Ha peKJIaMHOH TUIOIIAAKe 32 MUHUMAJIbHO JOMYCTUMbII MHTEPBaJl pa3MellIeHMUs,
CpeIHero KoJM4ecTBa MoKa30B 3a MUHUMAJIbHO JOMYCTUMBI MHTEPBAJI.

OrnurcaHbl pe3yJbTaThl 9KCMEPUMEHTAIbHBIX UCCISIOBAHUI MOIENU U aJITOPUTMAa Ha TpUMepe pa3paboTKu MIaHa
pa3MelleHsI KOMMYHUKAIIMOHHBIX COOOLIEHUI TPU MPOABUXKEHNU MporpaMmMHoro npoaykra (ITIT) «DnektpoHHoe
pacriicanue 3aHSITHI» B ccy3ax 1 By3ax KemepoBckoii obmactu. B mpakTiueckoM rjiaHe MoJlydYeHHbIe Pe3yIbTaThl
MOTYT OBITh MOJE3Hbl PYKOBOIUTENSIM U MapKeTOJOraM MajlblX MHHOBAUMOHHBIX MPEANPUATHIA MpU MPOBEAECHUU
peKJIaMHBIX KAMTIAHUH U TTITAHWPOBAHUY MEPOTIPUSI T TI0 KOMMYHUKAITMOHHOMY BO3/IEICTBUIO Ha TMTOTEHITNATBHBIX
MOTpeOuTENei C UCMOIB30BAHUEM KOMIUIEKCAa MHCTPYMEHTOB IHTepHeT-MapKeTHHra.

KoueBbie ciioBa: MHCTpYMeHT MHTepHEeT-MapKeTUHTa, peKJIaMHasl IJIo1aaKa, KOMMYHMKAlIMOHHOE COO0IIeHE,
KOHBEPCHS II0KA3a, LeJOYNCIEHHAS MOIE/Ib, BOJTHOBOE IUIAHMPOBAHUE.
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