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Modeling the mechanisms of the functioning of the logistics distribution system

Currently, the use of the concept of logistics in inventory management is considered by enterprises as one of
the reserves to achieve a competitive advantage. In theory, inventory control deficit arises due to insufficient supply,
unreliable source of supply, and because of inaccurate information provided by customers to suppliers. The solution
to this problem consists in finding a compromise between the cost of creation of material stockpiles and storage costs,
and the creation of the mechanisms of management of active systems, elements of which are suppliers and customers.
The implementation of the control mechanisms of the two-level system supplier-consumer, we have considered the
example of the game-theoretic model. For the consistency of the idea considered in the article, it should be emphasized
that in the supply chain-each customer-consumer is also a supplier in an orderly sequence of suppliers and consumers,
as long as the product does not reach the end user. In this article, the simulation game tool in the context of hierarchical
games is used to simulate the simplest scheme of the logistics distribution system. In the process of realization of
finished products the model of distribution logistics between the supplier and the consumer enterprises is considered.
The case of deficit is simulated when the total volume of customers ‘ orders for early delivery exceeds the production
capacity of the supplier. The main purpose of the article is to give a clear idea of the functioning mechanisms used in
the management of the distribution system of logistics, as well as to provide distribution logistics specialists with the
possibility of effective solutions in the process of distribution of finished products in a deficit.
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JlorucTukajabIK TapaTy KyHeciHiH dKyMbIC icTey MeXaHU3M/IepiH MoaeJaey

Kasipri yakpiTTa KOpnapas! Oackapyia JIOTMUCTHKA TY)KbIPhIMJIAMachlH IMaialaHy KOCIIOpBIHAAP O3CEKeIecTik
ApTBIKIIBUIBIKKA KOJI JKETKi3y OOMBIHIIA pe3epBrepii Oipi periHae KapacTelpblayna. Kopmapael Oackapy Teo-
pUsiCBIHIA TeHUIUT KOPIBIH JKETKUTIKCI3Iri MEH KaOIBIKTayIbIH CEHIMCI3 KO3iHIH, COHIali-aK TallChIpBIC OepytIiiep
JKETKI3yLIUIepre YChIHATBIH KAJIFaH aKIapaTThlH CajIapblHaH JIe TYbIHAAMHBI, Oy MpoOieMaHbl eIy MaTepHalIIbIK
KOpJappl KypyFa apHajfaH LIBIFBIHIAD MEH OJap/bl CaKTayFa apHaJFaH LIBIFBIHAAP apachIHIAFbl KOMIIPOMHUCTI Ta-
OynaH, coHzaii-aK AMEeMEHTTepl JKETKI3ylLIilep MeH TYThIHYIIbUIAap OOJbIN TabbUIaThIH OenceHsi xylenepai Gackapy
MEeXaHU3MIepiH KypyaaH Typazasl. Exi geHreili »KeTKi3yIi-TyThIHYIIbI XKYHeHi 6acKkapy MEeXaHU3MAEPIH )Ky3ere achl-
PyaBI 013 TEOPHSIIBIK-OMBIH MOZIEIIHIH MBICAJIBIHAA KapacThIPALIK. Makaiana TalKbUIaHATBIH HACSHBIH JoJIeNl O0Iys
YILIiH, JJOTUCTHKAJBIK Ti30eKTe — opOip TarchIpbIic Oepylili OHIM COHFHI MaiialaHyIbIFa KeJIil TyCKEHIIe KETKI3yILiiep
MEH TYTHIHYMIBUIAPABIH PETTENreH Oipi3AiriHAe JKeTKi3yIli OONbIl TaOBUIATHIHBIH aTram eTy KakeT. byn makamanma
JIOTHCTHKAJIBIK TapaTy >KYHECiHiH KapamaibiM CbI30achblH MOJENBJCY YIIIH HEepapXHsUIbIK OMBIHIAP KOHTEKCTiHZE
MMUTALMSUIBIK OMBIH Kypalibl KOJIIAQHBUIAABL. JIaiiblH OHIMII OTKI3y OapbIChIH/IA JKETKI3YIlli KOCIHOPBHIH MEH TYTHIHYIIbI
KCIMOPBIH apachIHAAFBl Tapary JIOTMCTUKACHIHBIH MOJIEN KapacThIpbULABL TamnchIpbic OepymIiiepaiH Mep3iMiHeH
OYpBIH JKETKi3yTre TalCHIPBHICTAPBIHBIH JKAJIIEl KOJIeMi OHIM OepyIIiHiH OHAIPICTIK KyaThIHAaH achlll KCTKEHJC Ae(H-
LT JKaFaibIHAaFbl MoJeniey. MakaaHblH Herisri MakcaThl — JIOTHCTUKAHBIH Tapary KyleciH Oackapy HpoueciHie
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MopeaupoBanue MeXaHU3MOB (PpyHKIIMOHHPOBAHUSA
JIOTHCTHYECKOI pacnpeeuTe/IbHOi CUCTEMBbI

B Hacrosiiee Bpems HCMOIb30BaHHE KOHLETIMH JIOTUCTHKY B YIPABIEHHM 3allacaMy PaccMaTpUBAaeTCsl Mpen-
HPUATUSIMU B KQUeCTBE OJHOTO M3 PE3EPBOB IO JOCTHKEHUIO KOHKYPEHTHOIO IpeumyllecTsa. B Teopun ynpasieHus
3aracamu JIeUIUT BO3HUKAET KaK M3-3a HEJOCTAaTOYHOIO 3araca U HeHaJeKHOIO NCTOYHUKA CHAOXKEHWs, TaK U U3-3a
HEJIOCTOBEPHOIT HH(OPMAIIH, IPEIOCTABIIEMOH 3aKa3dnKaMy ITOCTABIIUKAM. Perenue qaHHOH po0IeMbl COCTONT B
HaXOKIECHUN KOMITPOMHCCA MEXIy 3aTpaTaMy Ha CO3AaHHE MaTepHaIbHBIX 3allacoB U 3aTpaTaMH HAa MX XpaHEHHe, TaK
1 TIOCTPOSHUEM MEXaHM3MOB YIPABICHNS aKTUBHBIMU CUCTEMAMH, IEMEHTAMH KOTOPBIX SIBIAIOTCS MOCTABIUKU U TI0-
Tpebuteny. Peann3anuio MeXaHU3MOB YIPABICHHUS JIByXYPOBHEBOI CHCTEMBI MOCTaBIINK-IOTPEOUTENb MBI H PacCMO-
TpPeNM Ha MPUMepe TEOPETHKO-UTPOBOIT MozienH. J[JIst COCTOATENEHOTH HACH PAacCMaTHPHBAEMOM B CTaThe, HEOOXOIUMO
TIOTYEPKHYTH,4TO B JIOTHCTUUECKOH IENH — KaXIbIH 3aKa3uHK-TIOTPEOUTENb TAKKe SIBILIETCS ITOCTABIIMKOM B YHOPS-
JIOYEHHOH TTOCTIEI0BATENFHOCTD ITOCTABIINKOB U ITOTPEOHTENEH, 0 TeX MOop, TOKa MPOIYKT HE MOCTYIHT K KOHSUHOMY
10JIb30BaTeNt0. B naHHON cTaThe A MOJEINPOBAHUS MPOCTEHILIEH CXeMbl JOTUCTUYECKON CUCTEMbI PACIIPEICIICHUS
HCIIONB3YeTCs] MHCTPYMEHT HMHUTAlMOHHON UIPBI B KOHTEKCTE HepapXHUyeckuX Urp. B mporecce peanusanuy roroBoit
HPOOYKLUH PACCMOTPEHA MOJIEJIb PACHIPEACTUTEIBHOM JIOTUCTUKU MEXKAY NPEIIPUATUEM-IIOCTABIIUKOM U IpeIIpH-
ATHAMH-TIOTpeOnTeIsIMU. Monenupyercst citydail neununTa, korma oOImuid 00beM 3aka30B KJIHEHTOB HA JOCPOYHYIO
[IOCTaBKy [IPEBBIIIAECT IPOU3BOICTBEHHBIC MOIHOCTH NOCTaBIIMKA. OCHOBHAS 11€b CTATbU — JaTh YETKOE IIPECTaB-
JICHHE 0 MEXaHM3MaxX (DYHKIMOHHPOBAHHS, HCIIOIb3YEMBIX B IIPOILECCE YIPABICHUS PACIPEACINTENbHON CHCTeMON
JOTUCTHUKH, a TaKXKe MPEJCTaBUTh CIEIHANNCTaM TI0 PacIpeeNUTeIbHON JTOTUCTHKE BO3MOXKHOCTE 3 ()EKTHBHBIX
pelIeHnit B IPOIecce PaclpeaeeHns TOTOBOH MPOIYKIMHU B YCIOBUSX AeduuuTa.

KoroueBble ci10Ba: JIOTHCTHKA paclpe/eeHHs, MeXaHU3Mbl (D)YHKIMOHHPOBAHHSI, TEOPETUKO-UTPOBAsT MOJIEIb,

OCTaBUIUK, HOTpe6I/ITeHI/I .

Introduction. Managing the supply of raw
materials, materials, ready products significantly
affects the results of the operation of distribution
logistics. An integrated view of the distribution
system was developed in the 60s-in the early 70s.
During this period, it was realized that the
combination of different functions that belong to the
distribution of the manufactured product into a
single management system, will have a large reserve
of efficiency (Bowersox 2001:128; Christopher
1986:85).

The tasks of distribution logistics at the micro
and macro levels are different (Nikolaychuk
2001:78; Zalmanova 1992:75; Akhmetkaliyeva
2017:115). At the enterprise level, i.at the micro-
level, the logistics poses and solves the following
tasks:

— planning the processes of distribution of
product design, production and sale;

— organization of receiving and processing
orders;

— organization of distribution in the through
goods through production;

— selection of the type of packaging, making a
decision on the completion, as well as organizing
the execution of other operations immediately
preceding the shipment in the volume of distribution
functions;

— realization of distribution functions in the
shipment of products;

— the organization of post-sales service in the
volumes of the distribution function.

At the macro level, the tasks of distribution
logistics are:

— selection of flow distribution schemes and
modeling of their characteristics;

— determination of the optimal number of
distribution centers (warehouses) in the serviced
territory;

— determination of the optimal place location of
distribution centers (warehouses) in the service
area, as well as a number of other tasks associated
with managing the flow of the district, region,
country, continent or around the globe.

As the domestic and foreign experience of
improving the supply management system shows,
the idea is based on the idea of coordinated
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interaction between all elements of the system
"Supplier-consumers".

Literature reviuew. A large number of works
in which the coordination is performed by selecting
the Cele features elements or fine functions or
enabling functions or data of formation procedures
(Ashimov 1986:48; Burkov 2000:67; Burkov
1994:272 ; Burkov 1971:165).

However, in real logistical distribution systems,
such as "consumers Supplier" is often the formation
of orders procedures for delivery, performance
criteria elements and the system as a whole are
determined and are fixed, but some parameters such
as contract prices, the volume of orders for the
supply of ready products and other , can be
purposefully changed in a given area, for example,
depending on the efficiency of production.

Functioning  of  distribution  logistics in
the set-theoretic language as two-level active
systems (Burkov 1977:117; Burkov 2015:
225).

Let's consider the multiple description of the

distribution logistics. The status of supply processes
is described depending on the status of the supplier
enterprise acting as the sender of goods, and from
consumers of ready products, which is
demonstrated in Figure 1.

Denote by Vg the state of the enterprise-
supplier, which is determined from the set of its

states Y -the power of the supplier,

s €Y,

through ) — the state of the j — th consumer,

which is determined from the set of its states
Y, G »l.e.
YC

Vg € g
consumers of ready products (Fig. 1):

j€J-, where JC— a lot of

model of the organizational mechanism of
Consumers
//'} Consumer 1
Supplier
Consumer?2
Y € YS \‘} Consumer j
Ye €Y

Figure 1 — Diagram of interaction of distribution logistics elements
*Note: developed by the author

The state of all consumers is described in the

form Y :{)/Cj}, where ] EJC, and is determined

from the set of their states Y C ,le.

Ve :{ij} €y,
Y=11%. jel.
j
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Then the state ) of the distribution process is

determined from the set Y of possible states of
distributions, i.e. ¥ € Y , where

y=0s,Ve),
Y=Y,NY.,

The general state of the distribution logistics
system can be described as

»’ =5, yc) €Y =Y <Y,

The following assumptions are made:

— Enterprises (supplier and consumers) belong
to the same industry (Ashimov 1978:29);

— The volume of prematurely delivered ready
products to consumers does not exceed the volume
of additional output by the supplier;

— for each consumer the volume of products
delivered to him ahead of schedule does not exceed
the volume of his order;

— the supplier does not know the volumes of
necessary products for each consumer and the
values of the coefficients of their losses from the
shortage of raw materials, he knows only the
boundaries within which these quantities can vary.

Material and Methods. According to the
methodology of the imitation game (Burkov
2000:32; Shepkin 1999:138) the supplier's task is to
distribute the required order among consumers in
such a way as to achieve minimum costs (losses) in
the distributive subsystem "supplier-consumers"
related to the deficit of production. This is achieved
by rational satisfaction of requests from consumers.
The plan for the distribution of the order between
consumers is compiled on the basis of data on the
loss factors of consumers in the case of shortages.

The game situation arises because the supplier
lacks reliable information about the loss factors of
each consumer and the possibility of providing
consumers with unreliable information to the
supplier at the planning stage.

As a compensating influence, which stimulates
the provision of reliable information, mechanisms
are in place with the use of fines (criterion
management) (Kulzhabaev 1997:216 ; Germeier
1986: 255; Gubanov 2010: 138; Novikov 2013:26;
Novikov 2014:127).

The task of each consumer is to minimize their
own costs in the conditions of the chosen economic
mechanism.

Two classes of management mechanisms are
considered: the principle of rigid centralization and
the principle of coordinated management without
penalty, and the same management mechanisms
with penalties. This case reflects the real situation,
when consumers and the supplier, in accordance
with contractual contracts, can establish control
over losses from shortage of products.

Results and Discussion. Description of the
model of the simulation game

We introduce the following notation:

X ; — the volume of prematurely delivered
readyproducts to my consumer;

R ; — the volume of the order of the consumer;

B — additional release of readyproducts by the
supplier;

H; — the coefficient of consumer losses from

the shortage of raw materials (specific losses);
A — premium to the price for early delivery of
products;

d,— coefficient of user's penalty for unreliable

information;
The task of the supplier is to determine such

volumes of readyproducts X;that ensure the
minimization of total losses

F=Y uR-x)>mn

i=1
under constraints

x,. <B 2)
X, SR, i=1+n 3)
The target function of the 7 -th consumer is:

fi ://in +/ui(Ri _'xi)_)min,
i=1+n 4)
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If control laws with penalties are applied, then

Ji =+ (R _xi)+di|lui _ﬂ1i|Ri —min (5),

where 41 ; 1s the estimate of the value g, reported

to the supplier by the i-th consumer; |,

M, <pl. <M, M, ,M: respectively, the lower
and upper limits of the change in the quantity 4/, ,
i=1l+n.

The supplier collects information about the
urgency of deliveries from consumers. Information
comes in the form of estimates. After that, the
supplier solves the problem of optimal supply
planning, applying various control mechanisms.

The mechanisms of control

Stages of the game. The supplier collects
information about the urgency of deliveries from
consumers. Information comes in the {,ui} form of

estimates. After that, the supplier solves the
problem of optimal supply planning, applying
various control mechanisms.

a) The principle of rigid centralization (Burkov
1977:38). In this case, the premium to the price for
the urgency of delivery is a known constant value
for the urgency A of delivery is a known constant
in advance. The supplier solves the problem:

F:Z,ull.(Rl.—xl.)—>min (6)

i=1

under the conditions (1 — 3).

b) The principle of coordinated control
(Ashimov 1986:103). In this case, it is determined
in the course of solving the problem (1, 2, 6), taking
into account the following additional conditions

(A—=p)x, = min (4 — u,)x,

0<x;<R;

i=l+n 7

Conditions (7) require the harmonization of the
interests of the supplier with the interests of
consumers.

Preliminary analysis

According to the described model, we believe
that on the basis of contracts-contracts for this
supplier, consumers and the volume of the shipped
order are determined to the consumer (i =1+#n). In

n
this case, three cases are possible: 1) ZRi <B )
i=1

»YR>B 3Y R =B

i=1 i=1
The supplier must draw up a schedule for the
shipmentx, of ready products on the basis of

customer requests taking into account their
production capacities.
We assume that each consumer informs the

supplier: the order in the required quantity of a
certain volume of ready products R;; can also
report information about the '"urgency" of
deliveries, for example, in the form of loss factors

from the shortage of products 3, or the costs of its
storage &, .
It is natural to assume that for each consumer

X, , if the real shipment schedule Ri is rejected, the

consumer bears losses in the event X; > R; that it
may be the cost of storing the surplus product, but
with X; < Ri the loss from the shortage of raw

materials.
We will consider the simplest case of a
piecewise linear dependence of losses on the

magnitude of the deficit A i — R,- — X, , namely

-a, A, , ecau

BA

A, <0,
eciu A, >0,

fi:

where ; and ,Bi are the coefficients of losses
from the deficit and from storage, respectively.

n

Total losses Z fz will be taken as a criterion
i=l

for the effectiveness of the functioning of the
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relationship between the supplier and consumers in
the process of selling ready products.

Consider the following system of relationships
between the supplier and consumers. The consumer

pays for the products at a price ¢, if the shipment

is made at all. As a rule, the earlier the shipment is
made, the more expensive the price, since early
deliveries, beneficial to consumers, require the
supplier to additional costs to increase their
production capacity and temporary mobilization of

production reserves. At the same time Cy , it can
correspond to the wholesale price of products, and

the difference C;, —Cj = /1,- determines  the
"premium for urgency". The supplier, in turn, is
fined for disrupting the delivery time of products

(non-fulfillment of consumer applications, ie, when

shipping schedules deviate from those declared R,-

by consumers). These penalties can partially or
completely go to compensate for losses to
consumers. Assuming a piecewise-linear form of
the penalty function, we write the target function of
the vendor in the form

n
F:Z CoX, —
i=1

7i(xi_Ri)

8
lui(Ri_xi) ®)

where /;, l; are the coefficients of penalties.

Comment. In (8), the components of the
vendor's target function that do not depend on the
schedule of shipment of products are not included,
and the time of the document circulation
corresponding to the time gap between the sale of
ready products and its shipment is not taken into
account.

The target function of the consumer includes a
product fee and a loss when the actual shipping
schedule deviates from the desired

l 11 ﬂl(Rl—xl) 5
i=l=n )

It does not take into account the costs of
consumers on overheads and transportation of
products, because they are weakly dependent on the
dynamics of supply.

Finally, we write down the restrictions that
determine the allowable shipping schedules:

Zx,. SB’ (10)
i=1
X, <R, (11)
X; 207 i=1+n

The schedule of shipment X; of each consumer
I does not coincide with the declared schedule of
shipment R; . In this case, the consumer i suffers

losses due to a shortage of products or because of
the costs of its storage, which forces him to insure
himself against shortages or excessive deliveries in

the next period, changing the order R, .

Thus, there is a game situation between
consumers, each of which tries to get a sufficient
number of products at the right time; while taking
into account only their own interests and showing
maximum activity, consumers are going to
minimize their costs. This can lead to a distortion of
information about the real needs reported by the
consumers to the supplier. The supplier, in turn,
ships the products to consumers in accordance with
their interests. As can be seen, the supplier-
consumer system is a typical active system.

We perform a game-theoretic analysis of the
functioning of the distribution subsystem: the
supplier-consumer.

Let the formation of the initial data occur in a
counter-way. Consumers can tell the supplier either
the desired shipment schedule, or information about
the loss factors, or both.

Suppose that the supplier and the consumer take
into account the costs only from the short supply of
products, accounting only for this production
characteristic is justified by the fact that the losses
from the deficit are much greater than other losses
associated with storage, transportation and
overhead costs; Moreover, early delivery in many
cases is beneficial to consumers.
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We will assume that the losses of consumers
from shortages of products significantly exceed the
costs of storing excess products. Neglecting the
latter, we write down the consumer's objective
function in the form

fi=ex,+ B (R, _xi)l[Ri —X ]9 (12)

where 1[0] =1 for 6 > 0 and 1[0] =0 for 6 < 1.
We assume that the supplier does not ship the

products beyond the ordered quantity R, i.e.

x; < R, for all consumers. Then you can discard the
component of the target function of the supplier as

independent of the plan for shipment of ready
products

Zn:cixl. = ciZn:Ri (13)
i=1 i=1

The system functions as follows. At the stage of
data generation, each consumer informs the supplier

(order) R, and possibly an estimate of the loss

factor .. Assume that the penalty coefficient 4, is

equal (or directly proportional) to this evaluation. At
the planning stage, the supplier determines the
schedule for the shipment of products. At the same

stage, prices C = (Ct) are determined (or

adjustments).

Various procedures for the formation of
shipment plans and prices are possible depending on
the management mechanisms (principles of strict
centralization and coordinated management. In the

law of rigid centralization of prices {Ct} fixed (in

particular €, = Cy— the wholesale price of

products), and the shipment plan is defined as the
optimal solution of the maximization problem (12)
with conditions (10-11).

We pose the problem of determining X, (

i =1+n), so that the costs (1) are minimal under
constraints (2-3). The solution of this problem can
be considered in two ways: by ordering the loss
coefficients or the simplex method.

1) Let consumers be numbered in descending
order of loss factors, that is,

M2y 2 2.2 U,

Define consumers as follows:

Eand

-1

k
xj<BSij (14),
' -l

1 J

~
I

where the first £ —1 consumers receive the maximum
order, the k -th consumer receives the balance, and the
remaining consumers do not receive the order. The
problem, however, is that the Supplier does not have
complete and reliable information about the loss

factors g . This information is communicated to the

Supplier by the consumers themselves. Here we are
faced with the problem of the reliability of the data
presented or the problem of manipulating information.
Moreover, there are cases of both an overestimation of
estimates of the coefficients of losses, and their
understatement. The overestimation of estimates of
loss factors probably aims to minimize the costs of the
Supplier and the system as a whole, that is, the total
costs determined on the basis of the reported (planned)
estimates of the loss factors, and thus it is possible to

increase own costs depending on the A (< > 4;) -

surcharge to the price for the early delivery of
products, which is established by the Supplier.

2) Simplex method. Underestimation of
estimates of loss factors is intended not to receive
an order even at the expense of increasing own
losses. We will conduct an analysis of various
mechanisms of order distribution from the
perspective  of  possible manipulation of
information. The results of the experiments
performed for the case of rigid centralization are
given and for the case of coordinated control.

From this it is clear, yto mpu A > g, it is
profitable for consumers to underestimate, T.e.
ul, < ;. that it is advantageous for consumers to
underestimate the estimates. And when A < g, on

the contrary, there is a tendency to overestimate the
estimates u1, > g,
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Conclusions means that the equilibrium strategy of thei
"Thus, depending on the values A and 4, some consumer who wants to get into an equilibrium
consumers greatly underestimate the collected state is ul; = g, i =1+n.
estimates, while others, on the contrary, report an The plan received by the supplier in solving the
estimate much larger than the true value of their problem (8,9,12,13) on the basis of estimates { ,Ulj}
own L, .

is the optimal agreed plan.

As can be seen from the example, the value of Case of the game with a fine, dz >0,

the vendor's target function under these conditions
is far from the optimal value. With strict centralization, A = const and the

The case of coordinated control, d;, =0 application  of weak  penalties 0 < dl, <I,

Suppose that consumers do not take into

. . . i=1+n it is difficult to obtain reliable
account the impact of their reported estimates {,ul ; }

information and consumers can not get into an
on the valueA. Then, under the conditions of equilibrium state. Only with strong penalties, when,
perfect coordination (7), which can be written in the d >1

I — >

i =1+ n consumers report reliable
form: iful, <A, thenx, =0, if e, > A, then

information u1; = g1,, i=1+nand the system

follows that X; = R fori=1+n the following comes to an equilibrium state, preferable

conditions are fulfilled: ifz, <A, thenx, =0, if for all. In the case of coordinated management,
i, > A, thenx, =R, ,i=1+n, that describe the there is a weak enough penalty0<d, <1,
equilibrium state of the system. To get into i=1+n to ensure that the system is in an
equilibrium, the 7-th consumer should tell the equilibrium  state and consumers would report
supplier the estimate 41, = 44;,i=1+n. This ,Ulj =M i=1+n.
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