[ ] MartemaTuyHi meToaM Ta Mogei B @KOHOMiLLi

UDC 330.3:330.4
JEL Classification: M37

CO-OPTIMIZATION OF PRODUCTION CAPACITY AND ADVERTISING

©2019 SHERSTENNIKOV Y. V.
UDC 330.3:330.4
JEL Classification: M37
Sherstennikov Y. V.

Co-Optimization of Production Capacity and Advertising

The work deals with the development of one of the methods for simulating the logistics system (LS) of an enterprise. The aim of the article is using the approach
developed by J. Forrester to build a simulation model, based on which it is possible to perform mathematical co-optimization of the production capacity and adver-
tising of an enterprise which produces a single product. The paper formulates a system of equations describing the LS of the enterprise. The calculations of the time
behavior of all rates of the logistics system (rate of production, rate of delivery), as well as the behavior of the inventory levels at the wholesale warehouse and
retail are carried out. The optimization problem of determining the maximum economic efficiency is formulated and solved. In this case, production capacity and
advertising costs are considered as variable parameters of the optimization problem. By numerical calculations, it is proved that there is a single point of maximum

economic efficiency as a function of the planned capacity of the enterprise.

Keywords: logistics system, production capacity, economic and mathematical model.

DOI: https.//doi.org/10.32983/2222-0712-2019-2-194-199
Fig.: 14. Formulae: 18. Bibl.: 8.

Sherstennikov Yuriy V. — Doctor of Sciences (Economics), Associate Professor, Professor of the Department of Economic Cybernetics, Oles Honchar Dnipro National

University (72 Haharina Ave., Dnipro, 49010, Ukraine)
E-mail: hm001@ukr.net

YK 330.3: 330.4
JEL Classification: M37
LLlepcmeHHukoe I0. B. CnineHa onmumizayis eupobHuYoi
nomy#Hocmi ma pekaamHoi KamnaHii
Pobomy npuceayeHo po3pobui 0dHo20 3 Memodie imimayiliHozo modento-
8aHHA n0zicmuyHoi cucmemu (/1C) nidnpuemcmea. Mema cmammi — 8u-
Kopucmosytoyu nioxio [x. ®oppecmepa, po3pobumu imimayiliHy modens,
Ha nidcmasi AKOI MOXHA BUKOHY8AMU CNilbHY MOOenbHy 0nTMUMI3ayito 8u-
POBHUYOI momyx#HoCMi ma peknamHoi Kamnakii MoHonpodykmosoeo nio-
npuemcmea. B pobomi copmynbosaHo cucmemy pigHAHb, AKi onuUCylOMb
JIC nidnpuemcmesa. BukoHaHo po3paxyHKu mum4acosoi OUHAMIKU 8cix mem-
nig no2icmuyHoi cucmemu (memmny 8upobHUYMEa, memnig nepeseseHs), a
makox OuHamiKu pigHie mosapy Ha 0MMosoMy CKA0i Ma 8 Mepedi pos-
OpibHoi mopeieni. ChopmynbosaHo ma po3e'asaHo onmumizauitiHy 3a0ayy
BU3HAYEHHSA MAKCUMYMy eKOHOMIYHOI eghekmugHocmi. pu ybomy 8upob-
HU4Ya MomMyMHicme i 8UMpamu Ha peknamy po32nadanuca AK eapiayitii
napamempu onmumisayjitiHoi 3adavi. Yucaosumu po3paxyHkamu dosedeHo,
WO iCHye EQUHA MOYKA MAKCUMYMY eKOHOMIYHOT eheKmusHOCMI AK (yHKUYT
nnaHo8oi nomyxcHocmi nidnpuemcmea.

Kniovoei cnoea: nozicmuyHa  cucmema, 8UPOBHUYG  MOMYMCHICMY,
EKOHOMIKO-MamemMamuy4Ha mModesb.
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LlepcmeHHuKoeg I0. B. CoemecmHas onmumu3ayus npou3eodcmeeHHol
MOWHOCMU U peKnamHoli KaMAaHUU

Paboma nocesweHa paspabomke 00HO20 U3 Memodos UMUMAYUOHHO20
ModenuposaHus noaucmuveckoli cucmemsi (/1C) npednpusmus. Lieas cma-
meu = ucnonbsya nodxod . ®oppecmepa, paspabomams uMUMAyUoH-
Hyl0 M0Oenb, Ha OCHOBAHUU KOMOPOU MOMHO BbIMOAHAMb COBMECMHYI0
MOOe/IbHYK0 0MMUMU3AYUKD IPOU3800CMBEHHOU MOWHOCMU U peKnamHol
KamMnaHuu MOHONpPooyKkmogo2o npednpusmus. B pabome copmynuposaHa
cucmema ypasHeHuli, komopesle onuceisatom J1C npednpusmus. BoinoaHeHs!
pacyemsl 8pemeHHol OUHAMUKU 8cex memros no2ucmuveckoli cucmemol
(memna npou3sodcmea, mMemnos nepeso3okK), a Make OUHAMUKU yposHel
mosapa Ha ONMOBOM CKAade U 8 cemu po3HU4Hol mopeoenu. Chopmynupo-
80HO U peweHa oNMUMU3aYUOHHAA 300a4a onpedeneHus MaKCuMyma Ko-
Homuveckol agpekmusHocmu. [pu 3MoM Mpou380OCMBEHHAA MOWHOCMb
U 3ampambl Ha peknamy paccmampusanuch 8 Kayecmee 8apUAYUOHHbIX Na-
pamempos onMumMU3ayuoHHoU 3ada4u. Yucaosbimu pacemamu OOKA3aHO,
Ymo cywecmayem eOUHCMBEHHAA MOYKA MAKCUMYMA SKOHOMUYecKol 3¢p-
(heKmuBHOCMU KaK (hyHKYUU NAGHOBOU MOWHOCMU PeOnpusmus.

Kntouesble cnosa: noaucmuveckaa cucmema, npouseodcmeeHHaﬂ Mow-
HOCMb, 3KOHOMUKO-Mamemamu4eckaa modenb.

Puc.: 14. dopmyn: 18. buba.: 8.

LLlepcmeHHuKoe KOpuii Bcegonodosuy — 00KMop IKOHOMUYECKUX HAYK, 00-
ueHm, npoceccop Kagedpsl IKOHOMUYECKOU KubepHemuKu, [JHenposcKuli
HayuoHanbHbIl yHUBepcumem umeHu Onecs [oH4apa (mpocn. [aeapuHa, 72,
[Henp, 49010, YkpauHa)

E-mail: hm001@ukr.net

Introduction and problem statement. The economic
task of any enterprise is to optimally expand its market niche
and bring the production capacities in line with the current de-
mand for its products [1; 2]. In this case, an important role is

played by marketing research of the current demand along with
organizing an effective advertising campaign.

The aim of the advertising campaign is to make maxi-
mum use of the available production capacities, create con-
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ditions for their development and, in particular, their further
buildup.

Analysis of recent researches and publications. The
problem of planning operational activities of enterprises is
highlighted in numerous papers of both domestic and foreign
scholars, with many of its aspects being considered [3; 4]. At the
same time, the mentioned scientific works do not sufficiently
cover the quantitative relationship between the parameters of
the logistics system (LS) of an enterprise and the current con-
ditions in the consumer market, namely: potential demand for
its products and their consumption rate. This shortcoming of
the contemporary theory complicates studying the influence
of an advertising campaign on economic performance of an
enterprise. In publication [4], a model which fundamentally
meets the formulated requirements is proposed. It allows for
a detailed consideration of conditions in the market. However,
the model has a significant drawback: its application leads to
unsustainable solutions in a wide range of parameters. Publica-
tion [5] presents a method to eliminate this drawback, which
is based on averaging sales rates (selected) over a short time
interval.

To date, there are no efficient methodologies for plan-
ning an advertising campaign of an enterprise in real-time tak-
ing into account the enterprise’s logistics and market demand
for its products.

The aim of the article is developing an economic and
mathematical model of production activities of an enterprise
taking into account both its logistics and the market demand
for its products; applying the developed model to conduct a
co-optimization of an enterprise’s production capacity and ad-
vertising of everyday goods produced by it, with the specifics of
their disposal being taken into account.

Presentation of basic material of the research. The re-
search examines an enterprise which logistics corresponds to
the scheme shown in Figure 1.

Wholesale

Production, K
warehouse, S

Consumers,Q V ——>

Retailers, R

Fig. 1. Scheme of the enterprise’s logistics

Working in a competitive market requires an enterprise’s
management to pay attention to expanding the market niche of
the enterprise or at least maintaining it at an appropriate level.
One of the effective means to achieve this task is conducting a
periodic or continuous advertising campaign.

Therefore, the construction of the model begins with
mathematical description of the effect of advertising on the po-
tential demand Q.

Let us assume that the impact of advertising on the cur-
rent potential demand Q(f) corresponds to the additive contri-
bution

Qt) = Qn + (),

where Qn is the value of the potential demand in the absence of
advertising, Qr(t) is the contribution of advertising to the po-
tential demand.

We suggest that the potential demand Q due to adver-
tising is proportional to the number of consumers who have
already got acquainted with the advertising of the enterprise’s
goods. Then the increase in the potential demand AQr will be
proportional to the product of the number of consumers who
have not yet got acquainted with the advertising of the goods
(Qm - Qr) is the maximum possible number of potential con-
sumers of the item) by the advertising costs AZ:

AQr= l(Qm -Qr)-AZ,
tz

1
where — is the proportionality coefficient (tzis a constant de-
tz

pending on the market conditions and the item considered).
Proceeding to differentials, we obtain the following
equation:

@ _ (Qm-Qr) (1)
dz tz

Since with zero advertising costs the potential demand
Qr due to advertising has also the zero value Qr = 0, equation (1)
needs to be solved under the initial condition Qr(0) = 0. Then
equation (1) has the following solution:

Qr(Z)=Qm-(1—exp{—Ztz}). (2)

Equation (2) means that with the cost of advertising Z
the value of potential demand due to the advertising campaign
Qr(Z) will be achieved.

Equation (2) with Qm =1000 and tz = 30results in the
dependence of the maximum value of potential demand
Qr on the costs for the advertising campaign Zr as shown
in Figure 2.

Qr(2)
1x103F

500 ]

0 50 100 150 200 Z

Fig. 2. Dependence of the maximum potential demand Qr
on the advertising costs Z (UAH per period of time)

Figure 2 shows the curve of the maximum potential
demand Qr which will be achieved with constant advertising
costs Z (UAH per period of time). The maximum potential de-
mand Qr cannot exceed a certain maximum value of Qm with
any costs. However, we will be interested not only in the maxi-
mum value achieved with the costs Z but also in the behavior of
the potential demand.

We will consider time as a discrete variable i (i = 0,1 ,2,
..., T). Let us study the project of the T length (the planning
horizon). The behavior of potential demand due to advertising
campaign is described in the discrete-time model by the vector
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Q. Applying to the vector Q, the same reasoning which brought
to formula (2), we get the following equation:

Qi+1 =Qr(2Z)-(1—exp{~i/tr}). (3)

Formula (3) means that the contribution to the potential
demand due to the advertising campaign Q, is described by the
first-order lag model [7; 8].

Let us confine ourselves to considering the advertising
campaign which is defined by equations (1) - (3).

We will formulate a system of equations which describe
the logistics system of the enterprise presented in Figure 1. We
assume that the enterprise is fully provided with working capi-
tal.

1. The change in the demand Q, for products on the mar-

ket is an input impact for the enterprise whose task is
to align its output with the demand

1 =1R;(Q; = V), (4)

where r, is the sales rate (unit per period of time) in the i pe-
riod; n is the parameter which is determined by the average
sales level for the previous quarter (or year); R, is the inventory
level at the retail in the i period; V is the inventory level in the
hands of consumers (not consumed yet).
2. The inventory level at the retail is determined by the
recurrence formula:

Riyy =R +Td-(s0;—1,), ()

where so, is the rate of delivery (units per week) from the whole-
sale warehouse to retailers; Td is the period of discretization of
the model, the time interval between decisions.

3. The level R, should be within the limits of 0 <R, <R ,
where R is the maximum possible inventory level
at the retail. The requirement is described by the
following formula for the rate of delivery from the
wholesale warehouse to retailers:

R,—R; | R,—R;, S
soi+1=min[ri'(l+ " ’],L —11, (6)

)
R, Td 'Td
where S, is the inventory level at the wholesale warehouse.
Publication [5] substantiates the need for averaging when
performing the calculations with the proposed model:
s'o; = <So>;7ps s
where ps is the averaging time interval.
4. The production rate y, is determined by the following
formulas:

m—v:
J’i+1:(3’i+—y o Y1J'A(Si); 7)

1,if §;<S,, -2,
0,5 other wise, (8)

A(Si)={

where y, is the production capacity in the i period;

y,, is the planned value of the production capacity; S is the
maximum inventory level at the wholesale warehouse. These
formulas allow avoiding the overflow of the wholesale ware-
house.

5. The inventory level at the wholesale warehouse S, is
calculated using the following formula:

Siv1=8;+Td-(y; —s0;), )

Where y. is the rate of goods flow which goes in to the
wholesale warehouse from the enterprise.
6. To determine the net income of the enterprise, the
following formulas are applied:

M;=(~kp)-[(1=kad)-p-ri=p-cyp;i=  (10)
—k2-S;—z-Rm—qz-Z]-B(y,),

0,if,i<1,

B(yi): (11)
‘D’|)’i _)’i_1|,0ther wise,

where c is the share of the prime cost in the price for products;
p is the price for a production unit; zR, zS are the costs for the
storage of a production unit during one period at the retail and
wholesale warehouse, respectively; kp is the income tax rate;
kad is the value-added tax rate; qy is the cost of ‘including; ‘ex-
cluding’ a unit of production capacity.

Analysis of the results of the calculations. Before car-
rying out the optimization, we need to check out the adequacy
of the model (4) — (11). For this purpose, we will perform cal-
culations for the model (4) — (11) with the following values of
its parameters:

Rm0=100,4y=100,Q =1200,
T=1,1=0.0001,k1=0.33,

k2=0.01,80=100, Sm=200, (12)
Ro=50,n1=0.1,kp=0.25,kad = 0.06,

¢=0.6, p=10,2=0.01,Se =180, gy =50.

The enterprise decides to set the production capacity at
the level of ym = 4.5. Let us calculate the main indicators for
this case. Figure 3 shows the behavior of the basic rates of the
logistics system.

Fig. 3. Behavior of the basic rates of the logistics system

It can be seen that the production rates in some periods
significantly decrease. The reason for this behavior of the pro-
duction rates is clear from Figure 4. During these periods, the
inventory level at the wholesale warehouse S; approaches the
maximum capacity of the wholesale warehouse Sm = 200. Thus,
to avoid overflowing the wholesale warehouse, the enterprise’s
production capacity should be significantly reduced during
these periods in accordance with formulas (7), (8).
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Fig. 4. Behavior of the inventory level at the warehouse S,

In this case, the enterprise’s comprehensive income for
the year will amount to
365
> M; =33869.
i=1

Figure 5 shows the behavior of the operating income for
the case when the behavior of the production capacity is deter-
mined by formulas (7), (8).

100 T T .
M, 50
0
0
""" 50
~100 : : : ,
0 100 200 300

Fig. 5. Behavior of the enterprise’s operating income

The time dependence of other characteristics is shown
in Figures 6 and 7.

R 40+ .
_'3"_*9_ 201 y
0 1 1 1 -

0 100 200 300 i

Fig. 6. Behavior of the inventory level at the retail

Figure 6 shows that the inventory level at the retail is
stabilizing at the level that is close to the maximum one. This
means that the retail network operates effectively.

’IS_ T T T =

0 1 1 1 X
0 100 200 300 !

Fig. 7. Behavior of the inventory level in the hands
of the consumer

Figure 7 makes it clear that the inventory level in the
hands of the consumer stabilizes at 12.2.

However, expression (8) is not the only way to avoid
overflowing the warehouse. For this purpose, the enterprise
may choose another way of reducing its production capacity:

1,if §; <S,,

A(S)=1S, (13)
(8:) —£ other wise.
i
Then the results shown in Figures 8-10 will be ob-
tained.

100 200 300 i
Fig. 8. Behavior of the basic rates of the logistics system
for case (13)
T T T
0[O
Si
5, 100 7]
0 1 1 1
0 100 200 300 i

Fig. 9. Behavior of the inventory level at the warehouse §,
for case (13)

| | |
0 100 200 300 i

Fig. 10. Behavior of the operating income of the enterprise

The comparison of Figures 3 - 5 with the corresponding
Figures 6 — 10 demonstrates that the way to reduce the produc-
tion capacity (13) is more efficient and more realistic. In this
case, the comprehensive income for the year will amount to

365
' M, =36534,
i=1
which is noticeably larger, than for the previous case.
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Let us now formulate a series of optimization tasks with
sequentially increasing complexity in order to plan the life time
of the project and the relevant advertising campaign.

As the target function of the optimization task we will
take the income received over the chosen period of time T
(planning horizon):

T
Fr(2)= ZMl- — max.
i=1

However, if the project must be fully completed by the
end of the planning period, it is necessary to decide what to do
with the unsold warehouse inventory whose level at the end of
the project accounts for S, (T = im). Since the inventory level at
the warehouse was S at the beginning of the project, all excess
inventory (S, - S,) should be sold at a slightly reduced price,
with this amount being included in the target function. As

aresult, we get the optimization task:

T
Fl(Z)zZMi+p~pq-(S,-m—SO)—>max (14)
i=1

where pq is the coefficient of an effective discount for the prod-
ucts (pq < 1, with pg= 0.25 being chosen for the calculations).
As a rule, if the planned duration of the project is T, the
suspension of production occurs somewhat earlier — at T, < T.
The enterprise’s management is also supposed to plan the sus-
pension of the related advertising campaign at T . Then the op-
timization task will be to maximize the enterprise’s profit with
two variable parameters: Z (advertising costs) and T}, which is
expressed by the formula:
T
FI(Z,T))= Y M;+p-pq-(Sy, —So) = max.  (15)
i=1

Expression (10) for calculating the operating income
should be modified as follows:

M; =(1—kp)-[(1—kad)-p-1,—p-c yp; —
Lifi<Ty (16)

—k2-$; —z~Rm—qz-Z~{0, other wise”

The formula for calculating the production capacity
should be changed in the same way:

. 1if i<T,
yi+l=(yi+ym ylj'A(Si)’{ y i<t (17)

ty 0, other wise’

Having solved optimization task (15) with modifications
(16), (17) we will obtain:

T, opt) (312
Z opt) | 60 )
With these values, target function (15) is equal to

F1=81414. (18)

The dependences shown in Figures 8 —10 will now be
presented as follows:

T T T
200 [=7o e T .
Si
5 100/\(
0 1 1 1 )
0 100 200 300 |

0 1 1 1
0 100 200 300 i

Fig. 13. Behavior of the inventory level at the retail

I I I
0 100 200 300 i

Fig. 14. Behavior of the enterprise’s operating income

The optimization task can be solved by the enterprise’s
management in a more general setting: to find the maximum of
target function (15) with the following variable parameters: ym
is the planned value of the production capacity; Z is advertising
costs (constant for each period); Ty is the time of suspension of
the production; 7z is the time of suspension of the advertising
campaign.

Solving this optimization task leads to the following
result:

YMopt 4.14
Zopt 40
Tyope | | 3193
Tz | 3046
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In this case, the value of the target function (the profits
received for the entire planned period T) will be as follows:

F1=9085.4.

This significantly surpasses the previous results. It should
be mentioned that this result is obtained with a significant re-
duction in the production capacity: ymg,; <4.5.

Conclusions. It t-nomic and mathematical model of the
activity of an enterprise’s logistics system is developed. The
model takes into account the relationship between the produc-
tion parameters and the current market conditions. A scheme
of the model for co-optimization of an enterprise’s production
capacity and advertising is developed. The detailed information
about the market conditions, which is contained in the model,
contributes to the co-optimization of the production capacity
and advertising in order to achieve the desired economic re-
sult.
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