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Abstract— The practice of managing logistic business
processes in companies has many examples when negative
scenarios are realized in the course of events that are unforeseen
at the planning stage, and ultimately lead to significant damage.
These circumstances define the necessity to develop methods to
reduce the risks of the negative impact of uncertainty or
inadequate information, which is typical for the planning stage,
on the final results. The paper describes methodological
approaches to accounting uncertainty in models and methods
which are used to plan logistics business processes in a company
in order to reduce these risks. At the same time, in order to
ensure that the plans are sound, it is proposed to form arbitrary
reserves of allocated resources that compensate for uncertainty.
Taking into account various types of the information situation
at the planning stage, methods are proposed for determining
appropriate levels of such reserves of allocated resources. The
suggested methodological approaches to accounting uncertainty
form a basis for building specific models and methodologies to
be used for planning logistics business processes of various
companies, given their features. These models and techniques
are an important element in the digital transformation of
logistics business processes. Their use leads to lower costs in the
implementation of these processes.

Keywords — digital logistics, logistics business processes,
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I. INTRODUCTION

Today logistics is one of the most important components
of business models, not only for a logistic, trading or
distribution company, but also for virtually any manufacturing
enterprise. The quality of logistics processes management is a
key condition for ensuring the efficiency and competitiveness
of the company. Failures in the implementation of plans
concerning logistics business processes cause significant
material and reputational damage. [1-3] As an example, we
can cite the suspension of automobile production by
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AvtoVAZ from July 3, 2019 at factories in Tolyatti and
Izhevsk. The reason for the downtime was a breach of
obligations under a supply agreement and a failure in the
supply of necessary components by the Plant Autocomponent
in Nizhny Novgorod.

An analysis of the causes of such failures indicates that
consistent execution of relevant plans for logistic business
processes can only be achieved if necessary resources are
actually available [4 - 8]. The availability of these resources at
each stage of business processes is determined by many
factors that cannot be accurately defined during planning.
Therefore, the actual and planned amount of resources may
differ significantly. Thus, with a realistic approach to the
planning of logistic business processes, it is not advisable to
focus on full availability of all allocated resources. This is due
to a significant risk of nonrealizability of respective planned
decisions.

To minimize such risks, logistics business processes
should be planned on the basis of reduced levels of available
resources. For example, when optimization models of
mathematical programming are used as a tool to generate
planned solutions, this is formally expressed in a decrease in
the upper limits of the amount of allocated resources in the
respective balance constraints [9 - 13]. In fact, this reduction
is equivalent to the creation of arbitrary reserves of
corresponding resources to compensate for uncertainty. At the
same time, both insufficient and excessive reservation
ultimately leads to reduced quality of planning [14-16]. In this
regard, the task of determining the appropriate levels of
reservation to ensure the required reliability of realizable plans
for logistic business processes in conditions of uncertainty
seems to be highly relevant.

The development of approaches to solving this problem in
the context of digitalization of logistics processes is the goal
of this article.
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Il. DESCRIPTION OF APPROACHES

When solving the problem of determining appropriate
reserve levels, the criterion for achieving the required
reliability of compliance with each n-th balance condition in
optimization models used in the practice of planning logistic
business processes can be represented as a certain relation:

K,=0(a, <x,), veG, 0

where G is the set of balance restrictions on used
resources;

v is a resource type identifier;

ay is the upper limit of the quantity of the resource of the
v-th type used when solving the optimization problem;

x, is the actual amount of the resource of the v-th type.

Value o, is related to the maximum amount B, of the
corresponding resource by the following equation:

a,=B,-C, veG’ @

where C, is the arbitrary reserve of the resource, taken into
account by the v-th limit, allocated when solving a problem to
compensate for uncertainty.

Let us denote:

AB, = [BV - Xv]is the largest absolute deviation of the

actual quantity of a resource of the v-th type from the
maximum (absolute interval of uncertainty);

(pV=ABV/ BV is the greatest possible relative

deviation of the actual quantity of a resource of the v-th type
from the maximum (relative interval of uncertainty);

J, is the actual deviation of the resource quantity from the
center of the uncertainty interval during implementation of the
plan.

With the agreed notation, the actual availability of the
resource can be represented by one of the following
dependences:

X, = V[lABV}rASVNV; fASVSngASV,veG,
; 3)
B B
X =B -p)r =Ly -2Pgy <2 o
2 2 )

These dependences express the actual availability of the
resource through the known deviation J, of its value from the
center of the uncertainty interval. They are linear
transformations that transfer the coordinate origin, in which
the value of the resource is measured, to the center of the
uncertainty interval.

Letusdenote AB, /2=B ¢, /2=¢,, veG.

Then from (2) - (4) we have
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= — — < <
X B, —¢,+J,, —¢ <], <¢,, veG. )
Here, the criterion (1) can be represented as follows
K=6(C,>¢,-J,), veG ©

Taking into account the specific type of criterion
dependence (1), the following three basic approaches can be
distinguished for solving the problem of ensuring the
realizability of the elements of a logistic business process plan
under conditions of uncertainty:

1. Provision of an absolute guarantee of realizability.
2. Provision of probabilistic guarantee of realizability.

3. Provision of minimal efficiency losses associated with
reserving resources to compensate for uncertainty.

In the first case, uncertainty is modeled by fixing the
boundaries of a possible region of variation of the parameter
value. Here, the task of ensuring the realizability of the
elements of the plan for the innovative development of the
defense industrial complex is formulated as follows.

Identify the vector C=||c.|| of the smallest values of
parameters c,, for which c¢,>¢,-J,, for all possible values J,

from the uncertainty interval —¢, <J <&, veG.

At the same time, the diversity of possible combinations
of uncertain factors is ignored and only their worst
combination is taken into account, leading to the actual
deviation J,=-¢,. The components of vector C in this case are
taken equal to

wv X3=2>{ V € G, (7

Such a straightforward approach to ensuring the
realizability of the elements of the plan cannot be considered
appropriate, since the probability of the realization of an
unfavorable combination of parameters may be very small
[17,18]. In this case, the determination of parameters C, from
formula (7) leads to an unreasonable narrowing of the search
for optimal solutions and, in general, to a reduced quality of
planning.

The second approach is based on introduction of a
probabilistic measure of the uncertainty of the values of the
parameters J, v € G and setting a guarantee of realizability
through a certain value of this probabilistic measure [19].
Here, the task of ensuring the realizability of elements of the
plan for innovative development formally consists in
determining the vector

C=

C

v

, veG
b

®)

such that

K=P(C, 25 -3,)27,veG
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where 1y, is the required guaranteed probability of
fulfillment of the v-th balance limit;

P(.) is the probability of the fulfilment of condition
c,2¢g,—-J, veG.

In solving problem (8) - (9), the hypothesis that each
random variable J,, v € G isdistributed according to the

corresponding normal law can be used. Then the components
of vector C for given values of y can be determined by the
formula

minC, = —(I)_l(l—yv)a(J),veGj’ (10)

where

D = jexp(Z2 / 2)dz.

1
N2
In the calculations, instead of the standard deviation ¢,(J),

v € G can be used.

v

its estimate &° (J) = %8

Then

C, :gv[l—lq)l(l—;/v)j veG
3 (11)

Comparing the minimum values of C, obtained by
formulas (7) and (11) shows that even when choosing y, close
to one, taking into account the probability of occurrence of
different values of the parameters J, reduces the need for
reserves. For example, for y, = 0.98, this gain is 16%. To
determine the appropriate values of the required probabilities
y» We can use the condition

w=esx (M, veG, (12)
where y is the required guaranteed probability of the
implementation of the entire set of limits included in subset G;

n is the number of limits included in subset G.

In the calculations it is advisable to use the values y = 0.8
...0.95.

The third approach providing the necessary guarantees of
the realizability of plans for logistic business processes is
based on estimating losses associated with overestimating or
underestimating the values of the components of vector C
relative to some optimal levels [17, 18].

Let us denote:

Ay is the specific loss caused by overestimation of the value
of parameter C,;

1y is the specific loss caused by underestimation of the
value of parameter C,.

Then the loss function can be represented as follows
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(jV_CV)ILlV’ npu C:<‘]V’
P, =40, npu C, =1,
(C,-J)A, npu C >1J,
(13)
where C. =&, -C,, veG.

The mathematical expectation of losses in this case is
equal to

V=J( 310

where f(J,) is the distribution density of the random
variable J,.

)dJ+jJ—C)uf

, (14

In accordance with (14), the mathematical expectation of
losses depends on parameter C: :

To minimize losses, the condition must be met

v . (15)

Using the rule of differentiation by parameter, we obtain

dﬁﬁ=C:f(JV)1JV+vaf(JVﬁJV=O, veG
C .
v —00 C‘/ (16)

Taking into account that

*

C

%

[£(, )9, + Tf(Jv)de:l, veG
o c

*

from (16) we obtain that the optimal value C, must
satisfy the condition

c 2
flJ g =——, G
_Iw(v)dv e S

(17

*

It can be shown that for those C, which satisfy the
necessary conditions (17), sufficient minimum conditions are
also satisfied. Thus, knowing the density function of the
distribution of the random variable J. and the specific losses

*

Av and g we can obtain the optimal values €, = C, . In
particular, with the normal distribution law
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Cl=¢ —®" lﬂ“— o(J,)veG,
v TH, (18)
- I 0 1
or taking into account the estimation o, (J) = égv :
C =g, 1—lCI)’1 A ,veG
3 A, +u,
19)

where ®-1 is the inverse Laplace function.

I1l. CONCLUSIONS

In general, the considered approaches to modeling
uncertainty in the conditions of digital logistics make it
possible to obtain sustainable versions of plans for logistic
business processes.

The second approach can significantly reduce the level of
resource reservation and at the same time provides a high
probability of realizability of the elements of the plans under
consideration.

The third approach minimizes the loss of resource
efficiency associated with the reservation required for the
implementation of logistic business processes plans.

The proposed methodological approaches to accounting
for uncertainty form the basis for constructing specific
mathematical models and techniques for digitalizing logistics
business processes and applying modern information
technologies when planning them, taking into account the
characteristics of various companies.

REFERENCES

[1] Orlova, V., llin, I, Shirokova, S. Management of port industrial
complex development: Environmental and project dimensions (2018)
MATEC Web of Conferences, 193, 05055.

[2] Maydanova, S., Ilin, I. Problems of the preliminary customs informing
system and the introduction of the Single Window at the sea check
points of the Russian Federation (2018) MATEC Web of Conferences,
239, 04004.

[3] Hin, LV, lliashenko, O.Y., Klimin, A.l., Makov, K.M. Big data
processing in Russian transport industry (2018) Proceedings of the 31st
International  Business Information Management Association
Conference, IBIMA 2018, pp. 1967-1971.

[4] James R. Stock, Douglas M. Lambert.
Management. 4th ed., 2005, 797 p.

[5] Donald J. Bowersox, David J. Closs. Supply chain logistic
management. 2nd ed., 2008, 640 p.

[6] Evgenii. G. Anisimov, Murat R. Gapov, Evgeniia.S. Rodionova,
Tatiana Saurenko The Model for Determining Rational Inventory in
Occasional Demand Supply Chains// International Journal of Supply
Chain Management V 8 Ne 1 (2019). — P.p. 86 — 89.

[71 Morozov, S. Protocol-based interpretation of discrete event processes
in logistics systems. Simulation in Supply Chain Management and
Logistics/S.Morozov, M. Piontek, J.Tolujew.- Magdeburg:
Magdeburger Schriften zur Logistik, 2005.

[8] Afanasenko I., Borisova V. Economic Logistics. - SPb .: Peter, 2012.
432 p.

[91 Anisimov V., Chernysh A., Anisimov E. Model and Algorithm for
Substantiating Solutions for Organization of High-Rise Construction
Project // E3S Web of Conferences: "High-Rise Construction. 2017,
HRC 2017"- St. Petersburg, Russia, 2018. P. 03003.

Strategic  Logistics

Atlantis Highlights in Computer Sciences, volume 1

[10] Rodionova E.S. et al. The model and method of calendar planning of
logistic processes of processing enterprises of the agro-industrial
complex. Management consulting. 2018. No. 11 (119). Pp. 109-118.

[11] Chvarkov S.V. et al. Planning model for the production of rocket-
artillery weapons // News of the Russian Academy of Rocket and
Artillery Sciences. 2018. No. 3 (103). Pp. 141-147.

[12] Hin, LV., Koposov, V.l., Levina, A.l. Model of asset portfolio
improvement in structured investment products (2014) Life Science
Journal, 11 (11), pp. 265-269.

[13] Anisimov V., Anisimov E., Sonkin M. A Resource-and-Time Method
to Optimize the Performance of Several Interrelated Operations //
International Journal of Applied Engineering Research. 2015. T. 10.
Ne 17. P. 38127-38132.

[14] Saurenko T. et al. Comparing Investment Projects of Innovative
Developing Strategies of Municipalities, Based on a Set of indicators
/I MATEC Web of Conferences: "International Science Conference
SPbWOSCE-2017 "Business Technologies for Sustainable Urban
Development™ 2018. P. 01038.

[15] Anisimov E.G., Anisimov V.G. Sonkin M.A. Mathematical
Simulation of Adaptive Allocation of Discrete Resources //
Proceedings of the 2016 Conference on Information Technologies in
Science, Management, Social Sphere and Medicine (ITSMSSM 2016).
"ACSR: Advances in Computer Science Research”, Editors: Olga
Berestneva, Alexei Tikhomirov, Andrey Trufanov.- Tomsk, Russian
Federation.- 2016. PP. 282-285.

[16] Saurenko T.N., Gapov M.R. et al. Formalization OF Planning
Procedureproduction Process of the Complex Industrial Patterns of
Vertical Integration // Economic strategies of the EAEU: problems and
innovations: a collection of materials of the All-Russian scientific-
practical conference. 2018. PP. 154-161.

[17] Balyasnikov V.V., Vedernikov Yu.V. et al. Model of causal analysis
based on the use of data on special situations / / Questions of defense
technology. Series 16: Technical means of countering terrorism. 2015.
No 1-2 (79-80). PP. 31-38.

[18] Ilyin LV. et al. Mathematical methods and tools for evaluating the
effectiveness of investments in innovative projects. - St. Petersburg,
2018.- 289 p.

[19] Avdeev M.M. and others. Information and statistical methods in the
management of microeconomic systems. - International Academy of
Informatization. St. Petersburg; Tula, 2001.- 139 p.

[20] Anisimov V.G., Gapov M.R., Rodionova E.S. Model and algorithm for
the formation of an optimal logistic plan for the implementation of a
complex of interrelated works // Bulletin of Peoples' Friendship
University of Russia. Series: Economy. 2018. V. 26. No. 1. PP. 7-18.

[21] Barabanov V.V. and others. Method of optimizing solutions for the
organization of logistic processes // In the collection: Logistics: modern
development trends: Proceedings of the XVII International Scientific
and Practical Conference. 2018. PP. 52-56.

249


https://elibrary.ru/item.asp?id=35513057
https://elibrary.ru/item.asp?id=35513057
https://elibrary.ru/item.asp?id=35513057
https://elibrary.ru/item.asp?id=35479495
https://elibrary.ru/item.asp?id=24955948
https://elibrary.ru/item.asp?id=24955948
https://elibrary.ru/contents.asp?id=34185831
https://elibrary.ru/contents.asp?id=34185831&selid=24955948
https://elibrary.ru/item.asp?id=35730996
https://elibrary.ru/item.asp?id=35730996
https://elibrary.ru/item.asp?id=35724669
https://elibrary.ru/item.asp?id=29051688
https://elibrary.ru/item.asp?id=29051688
https://elibrary.ru/item.asp?id=26580100
https://elibrary.ru/item.asp?id=26580100
https://elibrary.ru/item.asp?id=35544437
https://elibrary.ru/item.asp?id=35544437
https://elibrary.ru/item.asp?id=35544437



