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Cucmemu macoeozo oocayzosysanmns (CMO) 6i0-
HOCAMbCS 00 KAACY CUCMeM, AKICMb YNPaBIIHHS AKUX
He MOJCHA OUIHIOBAMU 6 PENCUMI PeanvHoz0 UAacy.
To6mo, na emani popmyeanns ynpasainius HeMoONCU-
80 BUKOPUCMOBYEAMU MeMOOU KAACUUHOT NOWMYK0B0T
onmumizauyii.

Ciopmosana npaxmurxa popmyeanns ynpasninns
nepeobauae 30ip pempocnekmuenux 0anux, HeodXionux
07151 MOOENI08AHHS ONEPAYiIiL020 NPOYECY 3 MENMO10 6UGO-
PY ONMUMANBLHO20 3HAUEHHS YNPAGIIIHHA WTIAXOM BUIHA-
enHsa neodxionux napamempis. /o maxux napamempis
Hanexcamo: 6ud MoOesi NPoZHO3YEAHHS, POIMID 20pu-
30HMY NAAHYBAHHS, THMepeany npoeHo3yeanns. Bci ui
napamempu € cmynenamu c60600u nowYKoeoi onmumi-
sauii. Ilicaa eusnavenns yux napamempis npoyec mooe-
JI06AHHS NOBMOPHOEMBCS 015 PI3HUX 3HAMEHD IMIUEHHS
nPO2HO3H020 3HAMEHHA nonumy 6 00acmov Gitvul 6eau-
KUX no3umusHux 3nauenv. laxe 3miwenus npu3eooumso
00 nidsuwenns piens zanacie CMO i 3nudsicenns umogip-
Hocmi euHuKHeHHs Oeriyumy npooyKuii.

Egexmuenicmv npouecy 3nudicyiome ax cmpaxo-
6i 3anacu, max i depiyum npodyxuii. Oonax npaxmu-
Ka noxaszana, wio 0esKull 3cYé YnpaeiHHs 6 CMoOpoHYy
nideuwenns pisensa 3anacié nidsuwye edexmuenicmo
YNpasninus.

3asoanns ynpaeninnsa sanacamu CMO nonseae 6
momy, woé o6Tpynmyeamu ubip napamempis ynpae-
JUHHSA 8 NPOUECT UUKTIIMHO20 MOOETIOBAHHS ONEPAUIIHO20
npouecy Ha 6e3nivi pempocneKmueHuUx 0aHuUX.

He3zgascarouu na mpueany icmopito numanns, na
Cb0200HI He ICHYE MemooY, UKOPUCMAHHS K020 00360~
JISIE OMPUMAMU YNPAGNIHHS, NAPAMEMPYU K020 MONCHA
ssascamu obrpynmosanumu. Ile nos'szamno 3 mum, wo na
noOuamK0oBOMY emanu ONMUMIZaUii napamempu ynpae-
JIHHS 6U3HAMAIOMBCS HE WNSAXOM OOCTI0HCEHHS AKOCH
EeKOHOMIMHUX MoOesiell onepauiiiinozo npouecy, a 00Ci-
0JHCEHHAM AKOCMI KINOKICHUX MOOeJIell 3 GUKOPUCMAHHAM
CMamucmu1Hux Kpumepiis.

3 memoro po3eumiy meopii i mMemooié YnpaeiiHHs
PO3podena exoHOMIMHA MOOeTb HeY3200MHCEHO10 onepa-
uii. 3anpononosana mMoodenb 6PAX06YE pe3yabmam 63a-
eMo0ii npouecie xanany oydepusauii 3 npouecamu Kui-
EHMCHKO20 KAHALY 3A0060JIEHHS. CNOIHCUBHO20 NONUMY,
axmopa ingpopmauiiinozo eniuey mapremurzo6ux mex-
HOJ102ill HA BHYMPIWHBOZ0 1 306HIUHB0OZ0 CRONHCUBAUA.

Cmpyxmypa modeni onepauii npoiiwmna npoueoypy
eanioauii na npedmem HecynepeuHoCcmi 8 nNPoyeci NoOpie-
HAHHA HAOTUWMKOBUX Ma dediyumnux onepauii.

TIpoueodypa ouinounoi onmumizauii npovecy, wio mooe-
JNOEMBCA, NOKA3ANA MOJNHCAUGICMb GUIHAMEHHS ONMU-
MATBHUX napamempie ynpasiainns 3a Kpumepiem MaxKcu-
MYMY NOKAsHUKa epexmusHocmi onepauiiinozo npoyecy

Kniouoei cnoga: onmumanvie Kepyeanus, npoeHo3y-
8aMHs NONUMY, NPOZHO3IYEAHHS, CMPAX0BULl 3anac, op-
Mmyna epexmusnocmi

0 0

1. Introduction

In order to achieve a competitive advantage in future, an
organized structure must operate efficiently now [1]. This
task is achieved by the introduction of new technological
solutions, increased levels of automation [2], by addressing the
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challenges of structural optimization, reliability of equipment
operation, and by changing a technology of control [3].
Solving this problem is most difficult in queueing sys-
tems (QS), whose basic function is the process of buffering.
That relates to that the patterns in the functioning of a basic
technological part are overlapped with the peculiarities in




the functioning of client part of the system, represented in
the form of a probabilistic nature of demand for the primary
output product of the system.

The probabilistic nature of demand for a system’s prod-
uct is a common attribute of QS [4]. Therefore, queueing sys-
tems with a basic mechanism of buffering include most finite
systems at industrial enterprises, which sell their products
not on a contractual basis, as well as trade structures.

It is well known that under conditions of the probabilistic
demand the stabilizing function belongs to stocks. However,
the need for optimal inventory management is characteristic
only of those types of QS where it is economically justified
[5]. For instance, at transportation QS, issues of fuel stock
or spare parts are typically handled by external QS, whose
operations are based on the use of buffering mechanisms.

This paper considers this particular class of QS, within
the framework of which processes related to consumer ser-
vice are integrated to patterns in the buffering process of
demanded products.

The process of stock formation is accompanied by tying
up considerable resources of an enterprise. Surpluses and
shortages of raw materials or finished products lead at best
to a decrease in their effectiveness, and, in severe cases, to
the enterprise bankruptcy [1].

In QS, inventory management becomes more complex
due to the probabilistic character of demand for its products.
Therefore, the process of control design includes a demand
forecasting stage. However, existing demand-forecasting
technologies do not satisfy experts. Specialists point out
that “.at the stage of verification, a forecasting method,
which produced the result, is estimated rather than the
quality of the actual result. That relates to the fact that there
is still no any effective approach to estimating quality of a
forecast prior to its implementation” [6].

Paper [7] notes that professionals responsible for ulti-
mate management results correct predictions because they
do not trust them.

At the final stage of control design, a forecasted value for
demand is shifted toward an increase in its value in order to
reduce the negative impact of deficit and improve the effi-
ciency of QS operational process. However, no solution that
would satisfy professionals in addressing this challenge has
been found so far.

Study [8] considers a practical experience in determining
the level of an insurance stock. The results from studying
the two popular procedures revealed a difference of 20 %.
Consequently, the “economical” method was accepted, since
the use of the “generous” procedure implied the construction
of additional storage facilities.

Since it is obvious that those products that sell at a
greater economic effect must have a higher coefficient of
insurance stock, paper [9] recommended establishing, for
less important products, a 50 % stock level relative to the
projected level, and 100 % for significant ones.

The above examples show that certain issues in the the-
ory of inventory management in queueing systems require
further development, hence the improvement of control
quality is an important scientific task.

2. Literature review and problem statement

The distinctive feature of optimization of queueing sys-
tems management is the need for a proactive response to a

task function, which is probabilistic in character. Since the
tasks on inventory management within QS were tackled
long before the construction of a general control theory, this
field has formed its own conceptual framework that oper-
ates many established concepts. These include “order” [9],
“demand” [10], “inventory management” [11], “forecasting”,
“insurance stock”, “planning horizon” [12].

Because the pipeline of orders or requirements within QS
exhibits a probabilistic character [13], the optimization cri-
terion used is the statistical indicators [14]. Paper [11] notes
that the class of these indicators does not necessarily yield
an adequate assessment of both the quality of forecasting
[15] and the magnitude of an insurance stock [16].

It has been conventionally believed [17] that the smaller
the deviation of the forecasted value for restocking from the
actual level of demand, the better. Accordingly, to determine
the optimal control, a quantitative model of operation is ap-
plied. Thus, if the volume of a batch of products for restock-
ing is numerically equal to a value RQ, and the volume of
the actually sold products is numerically equal to PQ, then
the smaller the squared difference between RQ and PQ, the
better the result from forecasting. In this case, the value for
PQ is determined from expression

PQ= Jpq(t) d,

where g is the time an operation starts; ¢x is the moment the
operation finishes; rq(f) is the signal that registers the input
flow of products; pq(¢) is the signal that registers the output
flow of products (Fig. 1).
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Fig. 1. Models of operations with different size of the input
batches of products: model of operation with a smaller
volume of input products (a); model of operation with

a larger volume of input products (b)

Here, pqa(t), pqp(t) are the output functions of opera-
tions A and B in the form of volumes of sold products in the
operation. The amplitude values for functions rg4(¢) and
rqp(t) are represented in the form of their integral assess-
ments RQ4 and RQgp.

Suppose that a study has shown that the choice of a
smaller planning horizon leads to the greater magnitude of
standard deviation. This means that rather than purchasing
a batch the size of RQy, it is more profitable to purchase a
larger batch of input products the size of RQs.

Suppose, however, that the accuracy of forecasting will
increase by 2 %, and the size of the input batch should be



increased by 2 times. This means that, most likely, the first
option is more economically profitable, because at a slight
increase in the amount of an insurance stock one would be
able to significantly reduce the amount of finance and chan-
nel them to forming a parallel operation.

On the other hand, suppose that the statistical criterion
has indicated the advantage of operation A. However, if the
increased volume of the purchased batch could substantially
reduce the unit cost of the input product, one may find that
the second operation would be more efficient.

The above examples show that the criterion of optimiza-
tion that should be used requires those indicators that are
based on the economic components of the operation. Howev-
er, the use of one or another economic indicator must also be
justified by its verification.

This is exactly what typically occurs in practice when
the results from control design that employ statistical
criteria are adjusted using economic criteria. However, at
the stage of statistical treatment, better options may have
already been disregarded. In addition, the use of economic
criteria does not warrant the best choice either.

To make a substantiated decision, one needs an adequate
mathematical model of the examined object and the exis-
tence of a verified optimization criterion.

For example, a series of studies apply profit as an optimi-
zation criterion for inventory management systems [18, 19].
In this case, control at which a 5 % increase in profit is ac-
companied by a 20 % increase in costs will be considered to
be the best control.

Similar problems will arise if the optimization criterion
used is, for example, such a criterion as performance [20] or
speed of service [21]. In technical systems, an increase in
productivity leads to a disproportionate increase in the wear
of equipment, and within QS it could lead to disproportion-
ate growth of overall costs.

On the other hand, applying costs as the optimization
criterion [22] may lead to a significant increase in the du-
ration of an operation and/or reduce profits in the process
when control seeks the point of minimum cost.

Paper [23] noted that any system or technological oper-
ation can be represented in the form of a quartet (RE, TO,
PE, FE), where RE is the cost value of an operation’s input
products; TO is the operation duration; PE is the cost value
of an operation’s output products, FE is the cost value of
damage due to a deficit of products.

Any change in the internal structure of the system,
changing the parameters of stabilization or control, will be
reflected by the change in the parameters of these three pa-
rameters upon completion of the operation.

Study [24] defined an estimate whose structure corre-
sponds to the formal features of a single estimate, which
passed verification [25-29] for its use as an optimization
criterion.

However, the evaluation of effectiveness of the opera-
tional process, taking into consideration the peculiarities of
the probabilistic character of demand, implies a possibility
to assess uncoordinated operations. That is, such operations
whose model assumes a deficit or surplus of the finished
product at the output from the system.

Thus, as regards QS with a basic function of buffering,
the task on control design, which could lead to a result
with the highest expected performance, has not been ac-
complished.

3. The aim and objectives of the study

The aim of this study is to improve control over queue-
ing systems, with the inherent basic buffering function, by
advancing a method for constructing a model of the uncoor-
dinated operation.

To accomplish the aim, the following tasks have been set:

— to build a formal method for determining the parame-
ters of an economic-mathematical model of the uncoordinat-
ed operation;

— to validate the model of the operation for adequacy in
assessing the redundant and deficient operations;

— to validate the operational process model in terms of
defining a possibility to determine the substantiated level of
insurance stocks.

4. 1. Development of a model of QS structure with a
basic buffering process

Implementation of the inventory management process
requires the existence of technological buffering mechanism

(Fig. 2).
Sl E

EP ‘

»
A

6

Fig. 2. Model of a technological mechanism of the buffering
system: PTI — product of targeted influence; EP — energy
product; MP — output main product; 1 — input to supply PTI;
2 — storage mechanism; 3 — buffered product; 4 — dosing
mechanism; 5 — release mechanism; 6 — channels to feed
energy products

The cost value for a buffering product is typically much
higher than the valuation of energy products involved in
dosing and release. Therefore, the overall consumption of
energy products is, one way or another, accounted for in the
input value of PTI, while channels that feed energy products
are not represented in the model (Fig. 3).
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Fig. 3. Simplified model of the technological buffering
mechanism: PT| — product of targeted influence;
EP — energy product; MP — output main product; 1 — input
to supply PTIl; 2 — storage mechanism; 3 — buffered product;
4 — dosing mechanism; 5 — release mechanism

In queueing systems, a technological buffering mecha-
nism integrates with a client part that represents a channel
to displace and service customers (Fig. 4).

This class of systems can be attributed to the multiphase
QS with refusals, a limited queue, a limited waiting time,
which have identical channels to service a customer.

In the process of displacement, a customer is exposed
to the means of internal advertising and order service. In
addition, there is an external channel to displace potential
customers, which is exposed to external advertising and
mass media.
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Fig. 4. Model of QS technological part: PTI — product of
targeted influence; TC — target consumer; PC — potential
customer; MP — main product (sold products);

SC — satisfied customer; UC — unsatisfied customer;
IPC — informed potential customer; 1 — input to supply PTI;
2 — storage mechanism; 3 — buffered product;

4 — dosing mechanism; 5 — mechanism to release a product
of buffering; 6 — input to target customers; 7 — channel to
displace target customers; 8, 11 — sources of informational
influence on a target customer; 9 — functional systems of the
target customer; 10 — release of main product, satisfied and
dissatisfied customers; 12 — objects of functional service
to target customer; 13 — sources of external informational
influence on a potential customer; 14 — functional systems of
potential customer

Upon passing the client side of the system, a customer
status changes; it can be defined as a “satisfied customer”
and “dissatisfied customer”. One indication of the status of
a “satisfied customer” is that he is satisfied with the subject
of customer demand, in the form of the amount of the main
product of the system required by him.

In a simulation process, solving this task is simplified
because we determine not the status of the customer, but
the amount of unmet demand. Its magnitude is determined
from the difference between the amount of the input batch of
stocks and the total volume of demand.

Unmet demand directly affects the enterprise in the
form of lost profit, as well as the indirect damage, which
must be considered because the enterprise heavily invests in
advertising and mass media. The magnitude of the collateral
damage from the lack of customer product is typically sever-
al times higher than the magnitude of direct damage.

4. 2. Essence of the method and its conceptual appa-
ratus

In QS that are based on the buffering of a customer prod-
uct, defining the optimal control parameters employs the
integrated time series. Such series include, as a minimum,
information regarding the volumes of sales.

The most common is the situation when current volumes
of sold products are integrated within the daily sampling
intervals (SI). Thus, an indexed discrete time series forms in
the form of a source dataset (SDS) (Fig. 5).

If the SDS section did not experience any shortage of
products, the time series of sales would be a demand time
series (Fig. 6).

To the right, relative to SDS, one can determined a time
section (Fig. 7), which is defined by the concept of a “plan-
ning horizon”.

The purpose of control is to determine over a past time
section [a, b] the expected better economic parameters for
an operation that will be implemented over a future time

section [e, f], taking into consideration SI of the uncertain
present, specified by symbol d. In this case, a g parameter is
also an optimization parameter.
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Fig. 5. Example of a source dataset in the form of product
volumes integrated over a daily interval, to solve a task on
control
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Fig. 6. Symbolic designation of boundaries and size of
the source dataset
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Fig. 7. Determining a planning horizon relative to the source
dataset

A sampling interval within which any event is deter-
mined, shall be defined using the concept of “point in time”.
For example, the event that is defined by a symbol “d” over
one SI, shall be determined by the term a “time of control
design”.

To solve a problem on control, it is necessary, based on
data from section [a, b], to determine the hidden parameters
in the model of predicting a customer demand. These are the
kind of a demand forecasting model, the magnitude of pre-
diction interval (segment [, b]) (Fig. 8), and the magnitude
of shifting a forecasted value for demand.
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f el
‘ c g

Fig. 8. Determining an interval of prediction relative to
the time of control design

For the sake of certainty, we assume that the best fore-
casting model is the average volume of the past sales of prod-
ucts in the interval j for a planning horizon at intervals g.

The forecasted value for a future demand can then be
determined from expression

b
(g+1)Y ra,
Pd = j.f:h )
J

where Py is the forecasted value for a future demand de-
termined at moment d; pq, is the sales volume within a
current SI.

To determine the optimal control parameters, we model
the process of control design over that part of the SDS range
where it is possible to check the management model.

For example, by shifting the conditional moment of
control design as far as possible to the left (Fig. 9), it will be



possible to determine a response to control in the form of a
model of the operation whose construction is possible based
on the actual data (Fig. 9).

Fig. 9. Setting the moment of the conditional control design
to the initial part of the source dataset

In this case, time point “a” of SDS will coincide with time
point “h” in the forecasting interval.

In order to simplify comprehension of the method, we
assume that the response to control is achieved within the
framework of ST in a conditional control design.

Then the input of the conditional operation will receive
the volume of products in accordance with control RQ;=U;
where i is the time moment of conditional control design.

Using the data on product sales in the interval g makes
it possible to determine the actual volume of consumption
from expression

/
PQ.= Y pq,.

x=(e-1)

where PQ; is the actual volume of sales during operation
over a planning horizon g.

Since the magnitude of RQ; may coincide with PQ, only
accidentally, there are three possible outcomes to finalize the
simulated operation:

1. RQ, > PQ, - redundant operation;

2. RQ,=PQ, - coordinated operation;

3. RQ, < PQ, — deficient operation.

The process of constructing an economic-mathematical
model of the operation comes down to determining the pa-
rameters for the input and output products of the operation.

Such a model can be represented by a quartet (RE, TO,
PE, FE), where RE is the valuation of the operation’s input
products, TO is the operation duration (a planning horizon),
PE is the valuation of the product’s output products; FE is
the valuation of direct damage from a deficit during oper-
ation and negative consequences of the unmet demand by a
potential customer.

For the case of forming a model of a redundant operation,
three objects are generated at its output: a satisfied cus-
tomer, a sales volume (PQ,), and the rest of the operation’s
unsold products (PQ,).

This in turn means that in a general case three types of
objects arrive at the input to the operation that follows the
redundant operation: a potential customer, an input batch from
an external source (RQ,), and the input batch of the remaining
unsold products from the previous operation (RQ,) (Fig. 10).

In a general case, the volume of replenishment of the
current simulated operation (RQ,) can be determined by
a size of the rolling batch of stock or can be composed of a
batch from external restocking (RQ,) and a rolling stock
batch (RQ))

RO - RQ,  ifRQ>U,
RQ +RQ., if RQ <U,
in this case, RQ,=U.—RQ;.

Since redundant operations have no any unmet demand,
we obtain

RE,=(RQ, +RQ;)RS;
PE, = PQ,-PS+PQ, - RS;
TO=t;—t,,
where RS is the valuation of the unit of the operation’s input

product; PS is the valuation of the unit of the operation’s
output product.
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Fig. 10. Model of redundant operation: ESP — external
source of the input product; MOy — model of the previous
operation; MO, — model of the current operation;
MO3; — model of the following operation; PC — potential
customer; SC — satisfied customer

The amount of transferred stocks is multiplied by the
valuation of the unit of the input product, because it is not
involved in forming the profit of an operation.

The output of the coordinated operation has neither any
rolling stocks no product deficit. Therefore,

RE,=(RQ,+RQ;)RS;
PE, = PQ,-PS;
TOztf—te.

For a deficient operation, a planning horizon product vol-
ume reflects the volume of demand for the system’s products

1
DQ.= Y pq,.

x=(e-1)

where DQ, is the demand for the system’s products within
the planning horizon.

For the case when DQ,>U,, a volume of the products
sold is determined from expression PQ, =DQ,-U, (Fig. 11).
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Fig. 11. Model of deficient operation: ESP — external source
of the input product; MO; — model of the previous operation;
MO, — model of the current operation;

PC — potential customer; UC — unsatisfied customer;

SC — satisfied customer



A possibility to determine the level of demand over a
planning horizon makes it possible to determine the volume
of unmet demand (FQ,)

FQ,=DQ,-RQ,.

Accepting that a direct damage from the unmet demand
operation is determined by the magnitude of lost profit, we
obtain for a model of the deficient operation

RE,=(RQ, +RQ, )RS;
PE,=PS(DQ,-U,);
FE;=k(PS-RS)(DQ, - RQ));
TO=t/t,,

where £ is an increase in the deficit penalty coefficient.

The introduction of a deficit penalty coefficient is pre-
determined by that the processes related to QS inventory
management invest a great deal of money in the internal and
external advertising, advertising in mass media. Because
marketing costs are unique to a specific QS, the magnitude
of k is determined in a separate study.

Using the developed models of operations, it is possible
to build at SDS a model of the operational process and to
assess its effectiveness using the estimate [30].

E=A/R,

where A is the potential effect of an operation; R is the re-
source intensity of an operation;

A=(PE-RE-FE)/2;

_ PE-RE-TO?
~ 2.(PE-RE)’

In turn, the effectiveness of an operational process can be
determined from expression

where I is the number of operations within the analyzed
process.

Thus, construction of the method for building an eco-
nomic-mathematical model of the uncoordinated operation
makes it possible to assess changes in the operational effec-
tiveness of the process at a change in any variable parameter
of control.

4. 3. Procedure for the validation of an econom-
ic-mathematical model of the operation and the opera-
tional process

The process of constructing a mathematical model must
be finalized by testing its adequacy via a procedure of its
verification or validation.

Given the fact that the value for coefficient £ is individ-
ual for each system, we shall confine ourselves to the proce-
dure of model validation.

Table 1 gives data on operations whose demand (CQ)
varies from 5 to 10 units with a step of 1. In this case, reve-
nues (RQ) are not changed, coefficient 2=3.

Table 1

Change in the parameters and results of the operation at an
increase in demand level

N [RQ|[co|Po|FQ|[Po|[RS|[PS| E | 6
t 1055051 ]|15]015] 5
2 10660 4] 1 [15]0185] 4
3|10l 77 o] 3|1 ]15]02]3
4 l10] 8] 8] o] 2] 1]15]027] 2
501099 o] 1| 1t ]15]0205 1
6 |10 |10 10] o] o 1 [15]0333] o
7 101110 1] o] 1t ]15]023] 1
s |ltoflw2[two]2]o0 /1t [15]013] 2
9 [ 10| 13[10] 3] o] 1t [15]0033] 3
01014 ltw] 4] o] 1t ]1t5]0]4
1110|1510 5]]0]1]1t5]0]5

Operations from 1 to 5 are redundant, and from 7 to
11 — deficient. The level of demand for the sixth operation
coincides with the volume of sales. Therefore, this operation
is coordinated.

Each operation was assessed using both the indicator of
efficiency and the module of sales volume deviation magni-
tude from the level of demand (6).

Fig. 12 shows that the efficiency of operations grows in
proportion to a decrease in the size of redundancy and reach-
es a maximum for the coordinated operation. It then again
declines in proportion to the growth of the deficit volume.
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Fig. 12. Change in the operation efficiency and standard
deviation at an increase in the level of demand: 1 — change in
efficiency; 2 — change in the standard deviation

5 6 7 8 9 10 11 12 13 14

The research results demonstrate that the maximum
efficiency in the utilization of resources corresponds to a
minimum in the standard deviation. In this case, the slope
of branches for the redundant and deficient operations natu-
rally depends on cost estimates of the operation’s input and
output products, as well as on the factor that determines
losses associated with a deficit of products.

At the next stage of verification, we estimated a possibil-
ity of using an operational process efficiency assessment to
determine the substantiated magnitude of insurance stock.

Fig. 13 shows models of the three operational processes
out of twelve, whose stocks vary from zero to 12 units.

For each operation, and for the operational process in
general, we determined the efficiency of resource utilization
(RS=1, PS=2, k=3).



Operational processes 0 Operational processes 6 Operational processes 12
n rq |rqg* lcqg |pq |fg |rest n rq |rg* [cq |pg |fq |rest n rq |rg* [cq |pg [fg |rest
11 10 0] 3] 3 7 1 10 6] 3] 3 13 1 10f 12] 3| 3 19
2 3 3 4 2 3 3 10 2 3] 3 16
3 3 38 1 3 3] 3 7 3 3] 3 13
4 3 1 2 0 4 3] 3 4 4 3] 3 10
5 3] 0 3 0 5 3] 3 1 5 3 3 7
6 3 0 3 0 6 3 1 2 0 6 3 3 4
7 3] 0 3 0 7 3] 0 3 0 7 3] 3 1
8| 10| ©Of 1 1 9 8 10| 6] 1 1 15 8 10] 11 1 1 21
9 1 1 8 9 1 1 14 9 1 1 20
10 1 1 7 10 1 1 13 10 1 1 19
11 1 1 6 11 1 1 12 11 1 1 18
12 1 1 5 12 1 1 11 12 1 1 17
13 1 1 4 13 1 1 10 13 1 1 16
14 1 1 3 14 1 1 9 14 1 1 15
15 7] 0] 3 3 7 15 7] 0o 3 3 13 15 7] 0] 3] 3 19
16 3 3 4 16 3] 3 10 16 3] 3 16
17 4 4 0 17 4] 4 6 17 4 4 12
18 4 0 4] © 18 4] 4 2 18 4 4 8
19 3] 0 3 0 19 3] 2] 1 0 19 3 3 5
20 3] 0 3 0 20 3] 0 3 0 20 3] 3 2
21 3 0 3 0 21 3 0 3 0 21 3| 2 1 0
22| 10| O] 2| 2 8 22 10| 6] 2| 2 14 22| 10| 12| 2] 2 20
23 2] 2 6 23 2] 2 12 23 2] 2 18
24 2 2 4 24 2l 2 10 24 2] 2 16
25 1 1 3 25 1 1 9 25 1 1 15
26 1 1 2 26 1 1 8 26 1 1 14
27 1 1 1 27 1 1 7 27 1 1 13
28 1 1 0 28 1 1 6 28 1 1 12
a b c

Fig. 13. Operational processes with a varying insurance stock: ¢ — operational process with a zero level of
insurance stocks; b — operational process with a level of insurance stocks equal to 6; ¢ — operational process with a level of
insurance stocks equal to 12

Fig. 14 shows that the overall increase in the operational ef-
ficiency of the process at a decrease in the stock level is achieved
by that the effectiveness of deficient operations grows faster
than the effectiveness of redundant operations decreases.
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14. Change in the effectiveness of operations and
the operational process in general

Fig.

A change in the stock level when changing a level of the
insurance stock at a step of 6 units is shown in Fig. 15.
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Fig. 15. Changing inventory levels while increasing
the magnitude of an insurance stock

Fig. 16 shows that at the level of stocks equal to 11 units,
the effectiveness of the operational process is extreme.
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Fig. 16. Change in the effectiveness of the operational
process at an increase in the level of an insurance stock

Consequently, this level of the insurance stock is adopted
as a systematically substantiated one. In this case, the third
operation remains deficient.

5. Discussion of research results related to the evaluation
of the expected effectiveness of parameters

Similarly to classic control systems, the choice of optimal
control over systems associated with the processes of buffer-
ing comes down to changing control parameters that have
degrees of freedom. In this case, the main reason for a decline
in the effectiveness of planned operations is the effectiveness
of a demand forecasting operation.

A demand function that is commonly used is the time
series of past volumes of product sales. However, the sales
forecast based on the series of sales is not a very good idea.
The time series of the volumes of goods sold does not contain



information that could be used as a basis to really predict the
future. Therefore, reserves to improve the efficiency of con-
trol over QS of this class should be searched for in building
the fundamentally new methods to forecast demand, taking
into consideration information from other time series.

The second issue on improving control efficiency could
be a task on the justification of the amount of damage as-
sociated with a shortage of customer products. Thus, it is
obvious that the size of lost profit is not the only factor that
should be objectively considered. Thus, the deficit of the two
products that yield the same profit causes a different damage
to an enterprise if a first product draws 10 times more cus-
tomers than a second one in the same time interval.

Thus, the method for improving the efficiency of inven-
tory management within QS requires further development.

It may also be noted that the term “inventory manage-
ment” is not quite correct. Control over processes in buff-
ering systems can lead to changes in many parameters. For
example, a decrease in the value of the output product could
lead to a significant increase in demand and to a change in
the cost and time of the operation.

Therefore, another promising area of research relates to
the elucidation of terminology.

6. Conclusions

1. We have devised a method to construct an econom-
ic-mathematical model of uncoordinated operations in tasks

related to the buffering processes within QS. The following
concepts have been suggested: a redundant operation, a
coordinated operation, and a redundant operation. The
operation model makes it possible to take into consideration
the effect of moving stocks and the damage due to a lack of
products.

2. We have performed a validation procedure of the
constructed mathematical model of the operation in terms
of adequacy of evaluating the level of surplus and consid-
ering the damage due to a deficit of customer products. It
was established that the squared deviation in the integrated
assessment of demand from the volume of products sold for
the redundant and deficient operations is symmetric. These
results are not consistent with the established practice of
control over QS with a basic buffering function, since the
forecasted demand value is always shifted in the direction of
increasing the level of an insurance stock. At the same time,
the evaluation of effectiveness of the deficient and redundant
operations yields a non-symmetric estimate, which leads
to the preferred choice of redundant operations relative to
deficient operations given the equality of module of their
deviations.

3. A validation procedure for the model of an operational
process was performed using an example of determining the
substantiated magnitude of an insurance stock. It is shown
that the determination of the level of an insurance stock is
based on an unequal change in the effectiveness of the oper-
ation at an increase in inventory levels while reducing the
deficit of customer products.
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