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MATHEMATICAL MODELING OF THE LOGISTICS MANAGEMENT SYSTEM
OF AN ENTERPRISE

MATEMATHUYHE MOJEJIOBAHHSA JOTI'ICTUYHOI CUCTEMHA
YHPABJIIHHSA HIAITPUEMCTBOM

The paper considers the current problem of mathematical modeling of the organization's lo-
gistics system management. Representing all processes of organization management in the form of a
logistics system allows to unify the main operations and functions and to build generalized mathemati-
cal models for effective enterprise management. The research has built a logistics management system
of a hotel business enterprise, consisting of elements combined in the process of managing service and
related financial and information flows. For each direction of the logistics system, corresponding
mathematical models have been built and examples of their implementation are given using graph
theory, network planning and matrix calculation tools.

The necessary numerical calculations have been performed in the MathCAD computer math-
ematics system and in Excel spreadsheets.

The results obtained can be applied in the organization of logistics management, when solving
applied problems of managing a certain direction of activity of the hotel and restaurant business or-
ganization.

Keywords: logistics system, logistics management, logistics flows, hierarchy, graph theory,
graph route, network graph, matrix calculus.

Y pobomi posenanymo akxmyanvHy npobiemy mMamemMamuiHo20 MOOeN08aHHs YAPAGIIHHA N10-
eicmuynolo cucmemoro opeawizayii. Ilpedcmagnenns 6cix npoyecie ynpasninus op2anizayicio y 6uens-
0I ocicmuynol cucmemu 00360J5€ YHIQIKYysamu 0CHO8HI onepayii ma Gyukyii ma nodbyoysamu y3aza-
JIbHEHT MamemMamuyHi MoOei 05l eeKmusH020 YNPAGIiHHsL RIONPUEMCTNEOM.
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Memoro pobomu € nobdydosa mamemamudrHux Mooeieil YNpasiiiHs OisIbHICINIO Opeanizayii,
WO IPYHMYIOMbC HA NOJIONCEHHAX meopii epaghie ma mampuyno2o yucieHus. /[ 00csaeHeHHs Memu
PO38’A3aAHO HACMYNHI 3a80aHHA. NOOYOOBAHO AN2OPUMM NPEOCMABIEHHSA NPOYECi8 YAPABIIHHA J102ic-
MUYHOI OP2AHIZAYIEI0 Y GU2IA0T TO2ICMUYHOL CUCTIEMU, V3A2AIbHEHO 0COOIUBOCTI JT0ICIMUYHUX NO-
MOKI6 Ma 6CMAHOBNIEHO 3ANEHCHOCHE MINC BUKOHAHHAM JOSICIUYHUX (DYHKYIU ma nepemeopeHHsIM
PI3HUX 8U0I6 IOICMUYHUX NOMOKI6 — IHpopMmayitinux, inancosux, mamepianvHux, aKi 6 opeanizayii
20MmenbHo20 bi3Hecy YMeopIomb CepaiCHULL NOMIK ma NOMIK 2ocmell;, SUBHAYeHO 0COOIUBOCMI 1021~
CMUYHUX cmpamezill 0peaHizayiti 20meabHO-pecmopanioco Oi3Hecy, 0CHO8Y AKUX CKIa0a0my Ynpas-
JUHHS NOMOKOM 20Ccmeti ma 3a00801eHHS. NOmpeb cnoxcusayis; noOyo008ano i peaiiz08aHo mamema-
MuYHi MoOeni YNpasniHHA OULIbHICINIO OP2aniz3ayil, Wo IPYHMYIOMbCA HA NOJONCEHHAX meopii epa-
ie ma MampuuHo20 YUCIeHHSL.

Y 0ocniooiceni nobyoosano nozicmuyny cucmemy YnpasiiHHA NIONPUEMCIEA 20MENbHO20 Di3-
Hecy, Wo CKIA0AEMbCa 3 eleMenmis, NOEOHAHUX Y Npoyeci YUPAGIIHHA CepEiCHUMU Ma NO8 A3AHUMU 3
HUMU iHAHCOBUMU MA THOOPMAYIUHUMU HOMOKAMU. 34 KONCHUM HANPSIMOM JIO2ICMUYHOL cucmemu
noby008aHi 8ION0GIOHI Mamemamuyui Mooei | HageOeHi NPUKIAdu ix peanizayii 3 3aCmMOCY8AHHAM
meopii epaghis, mepesirce8020 NIAHYBAHHA MA 3AC00I8 MAMPUUHOLO YUCTICHHS.

Heobxioni uucenvHi po3paxyHku 6UKOHAHO YV CUCMeMi KOMHI IOMEPHOI MamemamuKy
MathCAD ma ¢ erexmponnux mabauysx Excel.

Ompumani pe3yibmamu MO}Cyms 6ymu 3aCmMoco8ani 8 0p2anizayii ynpaeiinHa 102iCIMUYHO
opeaHizayicio, npu po3e sI3aHHI NPUKIAOHUX 3a0ay YNPAGNIHHA Ne6HUM HANPAMOM OIsIbHOCMI OpeaHi-
3ayii 20menbHo-pecmopantoco Oiznecy.

Kniouosi cnoesa: nocicmuuna cucmema, 1o2icmuyte Ynpasiints, 102iCIMUYHI NOMOKY, iepap-
Xis, meopis epagie, mapwpym epagha, mepesxicesuil 2pagh, MampuiHe YUCieHHs.

Problem’s formulation

The economic activity of an enterprise depends on the effectiveness of the organization's man-
agement of its resource flows. The presentation of the organization's activities in the form of a logis-
tics system and the mathematical modeling of its logistics strategies reflect qualitatively new ap-
proaches to enterprise management. Logistics provides tools for ensuring effective coordination of the
activities of managers of various divisions of the enterprise along the chain "innovation - procurement
of raw materials - production of products - sales - delivery - distribution" based on the integration and
coordination of operations, procedures and functions performed within this process in order to mini-
mize the total cost of resources. The developed mathematical models will allow organizing effective
management of the organization and establishing dependencies between the performance of logistics
functions and the transformation of material flows.

Analysis of recent research and publications

The functioning of enterprises in modern conditions requires the solution of complex, multi-
level problems in order to ensure a certain level of competitiveness, increase the volume of sales of
goods and services and increase the efficiency of production. Solving all these tasks in total is possible
provided that logistical approaches are used in the functioning and management, while opportunities
arise to ensure the development of the enterprise [1]. Logistics management is a purposeful influence
on the spatial-temporal balancing of business processes associated with the formation of flows of ma-
terial and intangible resources [2]. A significant contribution to the scientific substantiation of the pro-
visions of logistics management by the organization is highlighted in the works of J. R. Stock,
D. Lambert, A. Baskin, J. Kelly, M. Linders, E. Boyko, G. Vardanyan, A. Gadzhinsky, T. Dudar,
E. Krykavsky, Yu. Ponomaryova, V. Smyrychynsky, O. Tridid, S. Churylov, N. Chukhrai. Scientists
N. Zubar, M. Hryhorak, and 1. Smirnov substantiated the relevance of logistics in enterprise manage-
ment as an effective mechanism for establishing a balance between the level of satisfaction of employ-
ees and consumers and the resources spent on it.

Formulation of the study purpose

The purpose of the work is to form mathematical models of management of the organization's
activities as a logistics system, based on the provisions of graph theory and matrix calculus. To
achieve the goal of the study, the following tasks were set:
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— to build an algorithm for representing the processes of managing a logistics organization in
the form of a logistics system;

— to generalize the features of logistics flows and establish the dependencies between the per-
formance of logistics functions and the transformation of various types of logistics flows — infor-
mation, financial, material, which in the hotel business organization form a service flow and a flow of
guests;

— to determine the features of logistics strategies of hotel and restaurant business organiza-
tions, the basis of which is the management of the flow of guests and the satisfaction of consumer
needs

—to build and implement mathematical models of management of the activities of logistics or-
ganizations, based on the provisions of graph theory and matrix calculus and using matrix algebra
tools.

The object of the study was the activities of a logistics organization, the subject of the study
was represented by mathematical models and methods of managing the activities of organizations.

Presenting main material

The main paradigm of modern logistics is the construction of an economic and mathematical
management model focused on increasing the efficiency of the functioning of enterprises based on the
optimization of logistics flows [3]. Logistics approaches in management allow you to optimize the
flows of products, information and finances and create various options and models of rational man-
agement activities of the organization in order to reduce costs. The logistics activity of the organiza-
tion is considered as the practical implementation of a complex of logistics functions and elementary
logistics operations. A logistics function is a group of logistics operations that are aimed at implement-
ing the goals of the logistics system. The logistics system is a holistic set of elements that interact with
each other. The main components of the logistics system are information, financial and material flows
and logistics operations.

Thus, logistics provides tools for ensuring effective coordination of the activities of managers
of various divisions of the enterprise and creates conditions for building effective mathematical mod-
els for managing its activities.

To structure a certain logistics system, analyze and select methods for building mathematical
models in managing a certain type of logistics activity, a Kaoru Ishikawa cause-and-effect diagram
was constructed (Fig. 1).

PROCUREMENTY [ TRANSPORT \ [ PRODUCTION
LOGISTICS LOGISTICS LOGISTICS
MAXIMIZING PROFIT
WHILE MINIMIZING COSTS
LOGISTICS SYSTEM TO IMPROVE COMPETITIV
PERFORMANCE
INFORMATION ) { DISTRIBUTION
LOGISTICS LOGISTICS

Fig. 1. Logistics system structuring diagram
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The diagram determined the algorithm for studying the state of the logistics system:
1) Determining the main goal of analyzing the activities of the logistics system — the research profile
and formulating it in the right corner of the diagram.

The main goal of analyzing the logistics system is to maximize the profits of the logistics or-
ganization while minimizing costs in order to increase its competitiveness.

2) ldentifying the main elements of the logistics system L, L,,...,L;— the attributes of the profile

and representing them by the side edges of the diagram, where

L1 — Purchasing logistics — logistics of managing material flows in the process of providing the sys-
tem with material resources.

L, — Transport logistics, which solves problems related to organizing the movement and storage of
goods during transportation and ensuring the transport and warehousing process.

Ls — Production logistics implements inventory management methods, organizing and ensuring pro-
duction, accounting for material flows [1];

L. — Information logistics is one of the main attributes of the system. Its main tasks are to collect,
process, store and transmit to all links of the system relevant information, which is necessary for plan-
ning, organizing and optimal movement of material flows and for making management decisions.

Ls — Distribution logistics. Its main task is to rationalize the process of physical distribution of mate-
rial stocks and material flows and guest flows in the hotel and restaurant business.

Les — Service logistics, personnel occupy a leading place in the logistics system. Service logistics or-
ganizes, systematizes and optimizes the flows of services that the enterprise provides to consumers.
Personnel are the main resource for the effective implementation of service logistics by the organiza-
tion, since it is the personnel who directly interact with customers and provide the necessary services.

3) Determination of the parameters of each of the identified system elements Iij Jd=1n,j=1m to
analyze the impacts on the specified attributes. When analyzing the attributes of the logistics system
profile, the following parameters of the L; elements were identified:

— L, attribute parameters

l11 — types of goods and their quantity, volume;

l1o — selection of suppliers;

l:3 — order processing, control over the fulfillment of contract terms;

l.a — procurement methodology, inventory management.

— L, attribute parameters

l,1 — selection of the type and type of vehicles;

I, — joint planning of the transport and warehouse process with the production process;

l.s — coordination of transport processes on different types of transport;

l.4 — determination of optimal delivery routes.

— L3 attribute parameters

ls1 — optimization of production processes;

Is> — planning, organization, coordination of the movement of raw materials, semi-finished
products, materials, finished products, customer flows;

l33 — rational use of production capabilities and warehouses;

Iss — implementation of automation and innovative technologies to increase efficiency.

— Attribute parameters L4

ls1 — provision of the necessary information for making optimal decisions at different levels of
logistics system management;

1., — optimization of information flows, ensuring data security and storage;

lss — interaction of information systems and support for making effective management deci-
sions;

ls4 — implementation of innovative technologies.

— Attribute parameters Ls

ls; — selection of a material flow distribution scheme;

Is, — planning the implementation process;
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Iss — organization of delivery and control over transportation;

Iss — management of the process of passing material flow, flow of guests, customers.

— Attribute parameters L

ls1 — effective delivery of goods or services to consumers;

ls» — customer service, meeting their needs;

lss — courses on logistics process management, customer service training;

lsa — personnel training and development.
4) Analysis and refinement of the list of parameters and determination of mathematical methods and
models for their description depending on the type of objective function and initial conditions and
constraints.

All defined parameters of the logistics system for its attributes should be presented in the form
i i=16,j=14.

Based on the obtained Ishikawa diagram and analysis of its data and their types, a mathematical
model of management of a given attribute of a certain element of the logistics system is constructed.

A feature of the hotel and restaurant business enterprises from the point of view of logistics is
their duality, since they act as both consumers of logistics services (in the production of restaurant
products, organization of service) and its providers (accommodation services, additional services) [4].

In the hotel and restaurant business, logistics is understood as methods and means of manag-
ing information and financial flows that are necessary for the provision of hotel services and satisfying
customer needs in the optimal way [5].

Information flows are divided into external (clients, companies — consumers, intermediaries,
competitors) and internal (reservation, advertising, information processing, production relations).

Guest flows (clients, residents), which are the main type of flows in the logistics of hotel ser-
vices and for which hotels of various types, types and sizes are actually created and operate, are re-
flected in the hotel business in the form of their information and financial projection, that is, infor-
mation and financial flows. And this is a characteristic feature of the logistics of hotel services. The
resource base of hotels for receiving guests is limited by the available number of rooms, both quantita-
tively and in terms of value. Therefore, the main characteristics of the flow of guests in hotels are its
information and financial indicators, that is, information and financial flows, which are usually formed
by the flow of guests. Therefore, the logistics system of hotel management is a structured system that
contains elements combined in the process of managing service (material) and accompanying financial
and information flows [6].

Logistic flows are interdependent, therefore, when building a hotel logistics management sys-
tem, it is advisable to first perform multi-criteria ranking using the Analytical Hierarchy Process
(AHP) method. This method was developed by the American mathematician T. Saati, and allows you
to structure a certain problem of making management decisions in the form of a hierarchy, compare
and quantitatively evaluate its solution options.

It is appropriate to carry out the corresponding research in several stages. First, the connection
of the information flow with the corresponding income and expense financial flows is determined.
Then the value of the income and expense financial flows is used to determine the coefficients of the
corresponding information flows. At the next stage, according to the obtained coefficient values, the
ranking of information flows is performed:

I — requirements coming from consumers;

Il — orders for hotel services;

111 — other orders for which management resources are distributed.

According to the specified initial data of information, financial and service (material) flows,
the organizational structure of the logistics system is formed. Its internal environment consists of four
subsystems:

1 — Advertising and booking;

2 — Statistical operations with information;

3 — Management of production processes of the organization;

4 — Generation of output data.

of amatrix Lg,,, the elements of which are parameters |
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In the conducted study, the structure of the mathematical model of optimal management of the
logistics system of the hotel and restaurant complex at all levels of the hierarchy during the implemen-
tation of all stages of the logistics process was determined. The developed structure is shown in Fig. 2.

Logistics
system

L,- Service
Logistics

L;-Distribution
Logistics

L, - Procurement
Logistics

L, - Transport
Logistics

Profile Attributes
L;-ProductionYL,-Information
Logistics Logistics

Attribute Parameters

li1 ha hs ha
L = hi by b3 ba
Isn Iso Is3 Iz
Is1 Is2 lez lea

Information Financial Material
Flows Flows Flows

Fig. 2. Levels of the hierarchical structure of the hotel logistics system

To develop and implement a mathematical model of management of the hotel logistics system,
it is advisable to apply the method of hierarchy analysis (HAI). The resulting model requires the con-
struction of a structure of three hierarchical levels:

— the first level of the hierarchy — goal (profile) — optimal management of the hotel logistics
system;

— the second level of the hierarchy — selection criteria (profile attributes and their parame-
ters);

— the third level of the hierarchy — logistic flows, their interaction, connection and mutual
transformation.

To perform pairwise comparisons at each level of the hierarchy, based on the results of quali-
tative (expert) and quantitative assessments — attribute parameters, pairwise comparison matrices

(PCM) M = m; §, I, J =1...,n are determined, which are symmetric positive definite matrices
1 oa, .. a,
i 1 a 1
M = | & " 7| [7], the elements of which have the property M;; = P
. S ji
r 1
aln a2n

The study proposes appropriate mathematical management models for each of the attrib-
utes of the L1—Lg profile.

Graph models are advisable to use both for organizing the management activities of the ho-
tel logistics system and for developing optimal logistics supplies throughout the hotel network [8].
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The main task of the hotel logistics system is
to implement optimal management of these flows to
ensure effective and high-quality guest service and
minimize the resources used in this process.

Fig. 3 shows the graph of the hotel's organiza-
tional and management structure obtained as a result
of the study of information, financial and service
flows of the hotel's logistics system, which visualizes

the interaction between its constituent elements.

This graph G(V, E), the set of vertices
. N V={V1,V,,V3, V.}, the set of edges E={a, b, c, d, e, f,
Fig. 3. Hotel organizational and g I j, h} is an oriented unweighted graph
management structure graph V|=4,|E|=10 the vertices of which are the nodal

vertices of the graph of the hotel's logistics system and its administrative network:

1 - V1 — Banking and cash service;

2 — V, — Customer information service;

3 — V3 — Interaction with the external environment;

4 — V4 — Activity planning and performance control.

Using the properties of graphs, it is possible to solve problems of optimal management of
logistics flows.

Network graphs serve as convenient mathematical models for organizing work and man-
aging a certain unit of the logistics system. The results of the analysis of network graphs make it
possible to optimize the set of necessary operations and minimize the costs of human, material
and financial resources of the enterprise.

Each network graph has at least one critical path, which determines the minimum time for
performing the operations required by the technology. Reducing the time for performing the work
that is located on the critical path saves time for performing the entire set of operations of this
procedure. Therefore, network graphs are used to solve the problems of optimizing the time for
performing a set of technological actions.

For effective management of the hotel logistics system, it is currently convenient to use
mathematical models that use matrix calculation tools. For example, based on the occupancy data
of rooms of the corresponding class during the months of 2024 (Tabl. 1), using the matrix product
operation, you can calculate the total revenue.

Table 1. Room occupancy

Employment, days per month

Room - 5| s = - | o - | B £ 8 E_| €.
we | 2 588 |2 |§]5 |33 2% 2B g2
Classic 89 82 87 84 90 87 84 86 88 89 88 86
Single
Classic 270 190 | 269 265 | 275 | 270 | 273 | 272 | 256 | 265 266 | 271
Standard 1000 | 990 | 890 | 1023 | 892 | 1020 | 997 | 1004 | 980 | 1005 | 980 | 999
Superior 700 679 | 705 723 | 690 | 645 | 712 | 698 | 721 | 709 698 | 726
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Continue of the table 1

Deluxe 12 15 14 21 17 19 18 13 16 21 18 21
Business

Deluxe 11 12 11 15 13 16 17 11 18 9 14 21
Louis

To do this, we will present the prices for the corresponding rooms (UAH) in the form of a row
matrix V: V = (1879 2047 2346 2697 4428 4428).

And we will write the occupancy of the numbers in the form of a matrix N,

89 82 87 84 90 87 84 86 88 89 88 86
270 190 269 265 275 270 273 272 256 265 266 271
1000 990 890 1023 892 1020 997 1004 980 1005 980 999
- 700 679 705 723 690 645 712 698 721 709 698 726
12 15 14 21 17 19 18 13 16 21 18 21
11 12 11 15 183 16 17 11 18 9 14 21

Then the total revenue (ZV) from hotel rooms for each month of the year is equal to the prod-
uct of the matrices V and N, and the mathematical model of this problem has the form:

ZV = V-N = 0 1 2 3 4 5 6
0| 5055665| 4816367 4814141 | 5209588 | 4818437 | 5003628

All calculations in the study were performed in the symbolic mathematics system MathCAD,
which contains a wide range of built-in matrix operations.

Tabl. 2 shows the number of business lunches ordered at the hotel restaurant and their cost
(UAH) during the first half of the year.

Table 2. Number and cost of business lunches for the first half of 2024

Number of | January | February | March April May January

business

lunches

Menu 1 300 320 260 310 315 312

Menu 2 400 420 410 405 380 390
Cost (UAH)

Menu 1 1100 1200 1250 1280 1280 1290

Menu 2 2000 2050 2080 2100 2110 2110

According to the tabl. 2 data for each month (i), we set the row matrices of the number of

b..
business lunches 4;/=(a:; ai) and the column matrices of their cost B, :( 1'} and multiply them.
2i
Each product is equal to the total revenue of the hotel restaurant from business lunches for a certain
month. And the total revenue will be:

vziAa.

i=1

6
Thus, the total revenue for the half year is equal to V = Z A B, =7230480 (UAH).

i=1
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To determine the optimal delivery routes from the central office to the network cities, it is ad-
visable to use graph traversal methods from graph theory. First, the optimal type of procurement is
selected and the appropriate method of graph traversal is selected according to it (Tabl. 3).

Table 3. Types of procurement and effective delivery methods according to graph theory

Type of Effective methods for developing delivery routes using graph theory
procurement

Wholesale Shortest path search methods: Dijkstra’s algorithm, Bellman-Ford, Floyd-
purchases Warshall, Breadth-First Search (BFS) algorithm for unweighted graphs

Regular purchases | Depth-first search (DFS) algorithm, maximum flow search methods
in small batches (Ford and Fulkerson)

Procurement The choice of methods depends on the volume of each purchase, the
according to needs | supplier's conditions, and its location.

The study developed an optimal route for delivering regular purchases from the central office

in Kyiv to the «Optima Collection Troitska» hotel in Dnipro.
Conclusions

The work investigates logistics approaches in enterprise management and builds an algorithm
for representing the processes of managing a logistics organization in the form of a logistics system;
identifies the features of logistics strategies of hotel and restaurant business organizations, the basis of
which are the processes of managing the flow of guests and satisfying consumer needs. According to
the developed algorithm, a mathematical model of the hotel logistics system and its administrative
network in the form of a generalized graph was built. For each of the areas of logistics activity, appro-
priate mathematical management models based on the provisions of graph theory and matrix calculus
were proposed. With the help of the developed mathematical models, mathematical modeling prob-
lems in managing a logistics organization were solved using the example of hotel activities using net-
work graphs, graph traversal algorithms, and matrix calculus tools.

The results obtained can be applied in organizing the management of a logistics organization,
when solving applied problems of managing a certain area of activity of a hotel and restaurant busi-
ness organization.
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