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APPLYING GRAPH THEORY TO OPTIMIZE
PRODUCT DELIVERY ROUTES AND MINIMIZE
COSTS IN THE RESTAURANT BUSINESS

ABSTRACT

An important role in the management system of restaurant business enterprises in con-
ditions of competition belongs to solving complex tasks of managing product supply
chains and developing new technological solutions for optimizing transport routes.

The article presents a mathematical model of optimal product delivery for restaurant
business enterprises.

The purpose of the work is to present the parameters and algorithms of graph theory
as a tool for analyzing and optimizing product delivery routes for the restaurant busi-
ness.

Routing algorithms based on graphical description are considered the most optimal anal-
ysis method for developing optimal product delivery routes, which helps minimize en-
terprise costs. The availability of various algorithms for the development of graph by-
pass routes allows you to choose the most convenient option depending on transport
capabilities, the type of goods and services, time constraints, etc. A scientific and meth-
odological basis is proposed for the use of graph theory parameters and algorithms to
optimize delivery routes, which helps minimize product costs in the restaurant business,
taking into account the financial component. The use of the Bellman-Ford method of
dynamic programming for this algorithm as a search for the shortest path in a weighted
graph is substantiated. Two options for traversing the graph in depth for chain and
cyclic routes were developed and the shortest routes for delivering products and raw
materials from Kyiv to all cities where «Sushiya» establishments are located were de-
termined, namely: Irpin, Bucha, Boryspil, Cherkasy, Vinnytsia, Lviv. The results of the
work consist of practical recommendations on using a logistical approach in the service
system to improve the quality of services and reduce costs, which directly affects the
profitability and financial stability of the restaurant business.

Keywords: graph theory, modelling, restaurant,
minimization, financial sustainability, logistics

optimal route, supply, cost

JEL Classification: M31, C61

INTRODUCTION

Modern requirements for successful business and the ever-increasing level of competi-
tion require the development and implementation of marketing, logistics and other ca-
pabilities of the organization to meet customer requests and needs. Because of this,
there is an urgent need for further research into the optimization of the company's
transport logistics processes and the outline of prospects for their further development.

The choice of methods for finding the optimal route for the delivery of the company's
products determines the provision of opportunities to reduce time and material re-
sources. This helps reduce logistics costs, fuel costs, transport maintenance and labour
costs, which has a positive impact on the financial results of the enterprise. The shortest
path problem based on data structure has become a popular research topic in graph
theory. “The purpose of graphs is to present too numerous or complex data for their
adequate description in text or algorithm. Ensuring the clarity and correctness of the
data description in the graphs ensure the efficiency of using the graphs” (Karkulovsky
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et al., 2023). As a result, the resulting shortest path is optimal. The relevance of the conducted research lies in the
importance of using graph theory to find the optimal transportation route, which will help improve the efficiency of the
transportation system, ensuring the competitive advantages of restaurant business enterprises. In addition, reducing lo-
gistics costs and increasing delivery speed help improve the company's financial stability, allowing for more flexible budget
allocation and reinvesting the saved funds in service development or expanding the product range.

LITERATURE REVIEW

Analyzing scientific publications devoted to the solution of theoretical and applied problems of building optimal routes for
the movement of vehicles of enterprises, as well as mechanisms of management of supply chains, the main areas of
scientific research should be singled out.

Many applied problems from various spheres of human activity (communication, transport networks, etc.), in which it is
necessary to operate with several connections between nodes, are adequately modelled with the help of multigraphs, that
is, graphs in which several edges can exist between vertices. Time-dependent routing is the design of the “best” routes in
the form of a graph in which the time to travel an arc can vary depending on the planning horizon (Gendreau et al., 2015).

Papers are devoted to the problems of mathematical modelling of federated machine learning, the purpose of which is the
development of algorithms where the computing and communication load is balanced (Bahmani et al., 2017; Pan & Yang.
2010; Malinovsky, 2020). This technology will enable the widespread adoption of machine learning solutions, as well as
flexible and manageable real-time data. In the logistics activities of companies, the use of devices and programs for
automatic control of vehicles will allow to reduce the budget. Fedotova (2017) suggests coordinating such management
objects in the logistics system as the interaction of chain participants, logistics functions, and business processes and
creating a certain structure for them, determining the levels of integration.

Chuhrai (2009) claims that at the current stage, the market success of enterprises largely depends on improving their
functioning in flexible supply chains, as well as on the effective use of resources on the way to achieving this flexibility.
Tryfonova & Kravets (2019) noted that the markets for the sale of finished products determine the nature and volume of
cargo flows, which are realized “with the synchronized operation of various types of transport, as well as the spatial
concentration of transport and storage complexes, aimed at minimizing the costs associated with the transportation and
storage of material resources” (Komov, 2022). The existing global practice of conducting business is characterized by a
high level of integration and organization of business processes (Stebliuk et al., 2022; Shkolnyk, et al., 2019; Zhuravka,
et al., 2023) related to the maintenance of cargo flow between all links of the transport and logistics chain (Ehmke et al.,
2012; Zaverbnyi, 2018).

Scientists (Gardner et al., 2019; Khanin et al., 2019; Hryhorash et al., 2022) reveal the peculiarity of using the technology
“supply chain transparency”, which can be defined as the disclosure of information about the names of suppliers, the
sustainability conditions of suppliers and the purchasing practices of buyers. From a logistics perspective, technology has
enabled real-time tracking of deliveries and inventory, allowing managers to make informed decisions about resource
allocation and route optimization.

1.  Empirical studies conducted by scientists (Ali et al., 2023, Wang et al., 2022) emphasize, that graph theory serves
as a foundational mathematical discipline that explores the complex interplay of graphs and diagrams as tools for
visualizing and representing mathematical truths.

2. To solve the problems of optimizing transport routes, scientists Volosova (2023), Kavun (2014) propose the use of a
mathematical model, namely in the form of a graph model, that is, using vertices and edges between them. The
optimal route is understood as the route by which it is possible to deliver the products within the acceptable time
frame with minimal transport costs, as well as preserving the consumer properties of the products (Datsko & Tsvir,
2016). Depending on the tasks and strategy of the company, the choice of transport for product delivery is carried
out. At the same time, the location of production, and technical and economic features of various types of transport,
which determine the spheres of their rational use, are taken into account.

The work (Huang et al., 2017) considers a route-path approximation method that generates almost optimal solutions for
(path flexibility) TDVRP-PF under stochastic traffic conditions It is noted that the task of vehicle routing largely depends
on the quality of the road network representation.
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This work (Menares et al., 2023) presents a bi-objective time-dependent vehicle routing problem with delivery failure
probabilities (TDVRPDFP). Two objectives are jointly minimized: operational costs and delivery failure rates. Both travel
times and costs, as well as the probabilities of delivery failure and service times and costs, are considered time-dependent.

One of the important typical tasks of logistics in the field of food is to determine the optimal location of a restaurant,
warehouse, production and distribution centre and other elements of the logistics chain in the restaurant business
(Smirnov, 2009). It has been shown that if a restaurant or chain has an efficient supply chain, they are able to deliver
products with sufficient shelf life and create a quality end product. Shcherbina (2020), Stebliuk et al. (2022), Iraldo (2017)
reveal the peculiarities of the hotel and restaurant business, their impact on logistics and supply chain management,
determine the advantages of using a logistics approach and investments (Jereb, 2017) in the hotel and restaurant business.

The analysis of the scientific literature shows that the implementation of the interests of the subjects of logistics activity
regarding the improvement of the optimization model of the enterprise's transport logistics processes requires the devel-
opment of a mathematical model of the optimization of transport routes based on a graph representation (Gulyanytskyi &
Pavlenko (2017)), Seredyuk (2014). The use of graph models can significantly increase the profitability of companies in
stable markets, but in conditions of high uncertainty, it is necessary to combine algorithmic models with flexible strategic
decisions. Algorithms based on graph theory help minimize transportation costs and reduce overall operating costs, which
contributes to increasing the financial efficiency of the company.

Much attention is paid to approximate search methods, which include ant colony optimization algorithms. Danchuk &
Svatko (2012) propose a method for solving the problem of finding the minimum path through the graph based on the
application of a modified ant algorithm (finding the minimum costs for the delivery of goods according to the criterion of
distances and transport times between nodes, depending on the total number of nodes).

The results of the research demonstrate the importance of using various optimization methods to increase the financial
efficiency of enterprises by improving route management and logistics processes. The need to create a model for optimizing
transport logistics has been identified, which will ensure the formation of optimal sizes of delivery batches, timely fulfiiment
of orders, reduction of logistics costs and strengthening the financial stability of the enterprise through the rational use of
resources and minimization of total costs for transportation, storage and processing of products.

The analysis of the published works indicates the need for deepening scientific research aimed at developing a model for
optimizing the company's transport logistics processes, which will affect the formation of optimal sizes of delivery lots,
quality fulfilment of all orders within the established time frame, etc.

AIMS AND OBIJECTIVES

The purpose of the article is to present the parameters and algorithms of graph theory as a tool for analyzing and optimizing
product delivery routes for the restaurant business.

METHODS

To solve the tasks defined in the work, a set of general scientific and applied research methods was used, in particular:
methods of scientific abstraction, induction and deduction, analysis and synthesis. Elements of graph theory were used to
create the mathematical model, namely the Bellman-Ford method and system analysis.

The article considers models of optimal delivery of raw materials and products from Kyiv to all other cities where «Sushiya»
restaurants operate, namely: Irpin, Bucha, Boryspil, Cherkasy, Vinnytsia, Lviv.
Mathematical formulation of the problem

Consider a weighted undirected connected graph, the weights of which are the distances between the cities that are
vertices of the graph. This graph has 7 vertices and 14 edges. Table 1 shows the vertices of the graph, their degrees, the
names of the cities they represent, as well as their neighbouring vertices. The diagram of the graph is shown in Figure 1.
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Table 1. Adjacency and degree lists of graph vertices.

Vertice City Vertices of thteogi:aph adjacent The degree of the vertice
V1 Kyiv V2, V4, V6, V7 4
V2 Irpin V1, V3, V6 3
V3 Bucha V2, V6, V7 3
V4 Boryspil V1, V5, V6, V7 4
V5 Cherkasy V4, V6 3
V6 Vinnytsia V1, V2, V3, V4, V5, V7 6
V7 Lviv V1, V2, V3, V4, V6 5

Figure 1. Graph diagram.

Table 2 lists the edges of the graph, and indicates which vertices they connect and their weights - distances (in km)
between the corresponding cities.

Table 2. Lists of edges and their weights.

Edges Weights of edges, km Edges Weights of edges, km
El=V1V2 27 E8= V5V6 340
E2=V2V3 5 E9= Vv4Vv7 585
E3=V3V7 533 E10= V1V7 539
E4= V1V6 268 Ell=V4V6 304
E5= V6V7 364 E12=V5V7 726
E6= V1v4 40 E13=V2V6 254
E7= V4V5 153 E14=V3V6 260

Powers of sets of vertices and edges of the graph:
n=|V|=7 m=|E|=14

The rank rang (G) of the graph G is a number equal to the difference between the number of its vertices
n=7 and the connectivity component p=1:

rang(G) =7—-1=6.

The cyclomatic number v(G) of the graph G is equal to the difference between the number of its edges m and
vertices 7, to which is added the number p of the components of its connectivity:

viG)=m—-n+p=14-7+1=8.

Let's build the incidence matrix M; of this graph for the convenience of its further study:
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The rows of the incidence matrix correspond to the vertices of the graph, and the columns correspond to the edges of the
graph. The number of units in each row of the matrix is equal to the power of the corresponding vertex. The given graph
is connected and simple since its adjacent vertices are connected by one edge. Since the graph has vertices of odd degrees,
it is not an Euler graph, that is, it is impossible to organize an Euler cycle on it. For the convenience of performing the
steps of the graph traversal algorithm, we present it in the form of the adjacency matrix Ms - a square matrix of the
seventh order:
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To obtain the optimal delivery route, we will use the graph traversal method, which is the basis of many other graph
traversal methods. The depth-first search algorithm scans all the edges and all the vertices of the graph G once. During
the search, the vertices of the graph G are successively assigned new numbers from 1 to n, and the edges receive marks
of two classes: a direct edge A(+)or a reverse edge A-).

RESULTS

The article examines models of optimal delivery of raw materials and products from Kyiv to other cities where restaurants
of the «Sushiya» company operate. «Sushiya» LLC is a chain of catering establishments of Japanese cuisine, which is part
of one of the largest businesses in Ukraine - USG (Uncle Sam's Group) Holding. At the beginning of 2006, the first restaurant
of Japanese cuisine of the Sushiya company was opened in the centre of Kyiv. There are 24 restaurants in 7 cities in
Ukraine. The enterprise has a network organizational structure. This type of organizational structure is typical for restaurant
chains with a single corporate style. The company has the following divisions: operations department (control of all facilities
and delivery services), logistics department, finance department, marketing department, as well as information technology
department and HR department. Figure 2 shows the main indicators of the restaurant's activity.

35%

5%

5%

5%
25%

15%

Figure 2. The main indicators of the restaurant's activity.
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Main indicators: (food cost - 35%, profit - 25%, salary fund - 15%, rent - 10%, taxes, utility payments, business expenses
- 5%). Rating of factors according to customer reviews (company website) (Table 3).

Table 3. Rating of factors affecting customer loyalty.

Factors Rating, %
Assortment of dishes 4.20
The quality of prepared dishes 20.10
Comfort level 12.90
Loyalty program 3.90
Discounts 3.80
Convenient location 10.70
Additional Services 5.80
Quality of service 17.10
Price 16.60
Image 4.90

The main factors influencing the company's activities are listed in Table 4.

Table 4. Strengths and weaknesses of the company.

Factor Strength Weakness
A large number of restaurants, wide coverage of the regions of Ukraine +
Adaptation of the official website for mobile devices and availability of special applications for I0S and Android +

No bonus program -

The assortment is not wide enough to cover the target segments -

Effective sales promotion policy +

Independence from intermediaries +

The marketing mix is focused on only one segment of consumers (active youth) -

The company is part of USG Holding, which provides it with financial support +

Favourable location of restaurants +

Inconsistency of the assortment policy of the segmentation strategy -

The largest delivery service throughout Ukraine among restaurants of Japanese cuisine +

A system of motivation for restaurant staff has been established +

An established system of personnel training and team building, as a result of which staff turnover is low, high

personnel qualification +
Using a "falling leader" pricing strategy for the most popular items in the assortment +
Using the innovative "Order man" guest service system +
Availability of own management school +

The same assortment in all restaurants does not make it possible to take into account differences in the needs of
the target consumers of each restaurant

Dependence on USG Holding when making management decisions -

The established logistics system of the company includes the purchase of raw materials from manufacturers for deliveries
to restaurants. In fact, 99% of product items of the food group (excluding bar items) and 90% of items of the non-food
group are subject to centralized procurement. The company strictly adheres to the established delivery schedule. It is also
worth noting that the range of dishes throughout the «Sushiya» chain of restaurants is the same, regardless of the location
of the establishment, differences in demand between different target audiences depending on the location of the restau-
rant, etc. are not taken into account. The product range of the «Sushiya» company is presented in Table 5.
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Table 5. The company's product range.

The company is a producer of rank Depth of assortment Number of positions
Roles "Philadelphia” 11
Roles "California" 5
Maki-rolls 3
Sushi bar Futomaki 2
Corporate roles 5
"Dragons” 3
Warm rolls 2
Sushi 8
Soups 8
Salads 6
Kitchen Appetizer 4
Hot meals 13
Desserts 12
Soft drinks
Tea 7
Coffee 7
Juices 6
Mineral and sweet water 7
Bar Cocktails 6
Alcohol
Beer 7
Wine 12
Strong alcohol 15
Cocktails 10

Wide coverage of the regions of Ukraine is the strength of Sushiya restaurants compared to other main competitors, which
are concentrated only in the territory of Kyiv. In addition to the chain of restaurants, the Sushiya company consists of a
head office located in Kyiv, as well as a central warehouse, where all products and ingredients are received from suppliers,
and a call centre.

On the basis of graph theory, we will consider the mathematical model of the transport network and algorithms for finding
the optimal route.

According to the mathematical statement of the problem, we will consider the 1st variant of traversing the graph.
1. We start from the top of Vi, put the number 1 in accordance with it.

2. We choose an arbitrary vertex adjacent to Vi, for example, V., we assign the number 2 to it, and the edge E; is
straight and receives a (+) mark.

3. We choose an arbitrary vertex adjacent to V,, for example, V3 (Bucha), number 3 corresponds to it, and edge E; has
a (+) mark.

4. The vertex Vs is adjacent to the vertex V7, we assign it the number 4, and the edge Es connecting them is straight.

5. Vertex V; is one of the adjacent new vertices that have not yet been renumbered, there is vertex Ve, which we assign
the number 5, and the edge Es has a (+) mark.

6. Vertex Ve has a new vertex Vs adjacent to it, we select it and give it the next number 6, and the edge Es is straight.

7.  We choose the vertex adjacent to Vs, which does not yet have a new number, this is the vertex V4, we assign it the
number 7, and the edge E; is straight and is marked (+).

8.  Since all vertices are renumbered, the deep traversal of the graph is complete.

Thus, the core of the graph consists of straight edges E;, E;, Es, Es, Es, Es.
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All other edges are reversed and make up the chords of the graph, their number is 8, which is equal to the cyclomatic
number of the graph, which indicates the correctness of the performed traversal of the graph.

Since all vertices are renumbered, the deep traversal of the graph is complete. A simple chain Vi — V2 — V3 -V7 -V — V5 —
V.4 is obtained, bypassing all vertices of the graph. The length of this route is equal to the sum of the weights of its edges
W(E; +E; +E3 +Es +Eg+E7)=1422 km.

Since the vertex Vs is adjacent to the initial vertex V, it is possible to create a simple cycle Vi1 —V; = V3 =V7 Vg — V5 — V4
— Vy, after which you can return to the initial vertex, and its length is W(E; +E; +E3 +Es + Eg +E7+ Es)=1462 km.

A second variant of traversing this graph in depth is possible, which forms the following simple chain Vi— V4 — V5=V -V,
— V3 — V7, which also traverses all vertices of the graph. In this version, the core of the graph consists of straight edges
Es, E7, Es, Ei13, E2, Es. All other edges are reversed and are chords of the graph, there are 8 of them, i.e., their number is
equal to the cyclomatic number, so this variant of traversing the graph is also correct.

The length of this route is W(Es+E7;+Es+E13+E>+E3)=1325 km. The vertex V; is also adjacent to the initial vertex V;, that
is, it is possible to create a simple cycle Vi — V4 — V5 — Vg =V, — V3 — V7 — V; from this simple chain, after which you can
return to the initial vertex, and its length is W(E¢+E7+ Eg+E13+E+E3+E10)=1864 km.

The results of the obtained two variants of traversal of the graph in-depth and the simple cycles built on them are shown
in Table 6.

Table 6. Product delivery routes.

Version Simple chain Distance, km Simple cycle Distance, km
1 V1-V2-V3-V7-V6-V5-V4 1422 V1-V2-V3-V7-V6-V5-V4-V1 1462
2 V1-V4-V5-V6-V2-V3-V7 1325 V1-V4-V5-V6-V2-V3-V7-V1 1864

Thus, if it is necessary to deliver products for restaurants after centralized purchases from Kyiv to restaurants in the
country and return to Kyiv, i.e. to carry out a circular route, then it is better to choose the first option, according to which
the distance of the entire delivery route is equal to 1462 km, and if it is necessary to carry out the transportation of raw
materials and products to restaurants in 7 cities along the chain, it is better to choose the second option of the route,
which is 1325 km.

If there are trips to deliver raw materials from Kyiv to a certain city, it is convenient to use the Bellman-Ford algorithm to
determine the shortest paths to develop optimal routes. This algorithm is used when it is necessary to determine the
shortest routes from one vertex of the graph, in our problem from the vertex V1, which is the input, to all other vertices
in the weighted graph.

The working principle of the Bellman-Ford algorithm is to first determine the lengths of the shortest paths from the Vs -
source vertex to other vertices provided that they contain no more than one edge, then the metrics of the shortest paths
provided that they contain no more than 2 ribs, etc. The shortest path that consists of no more than K edges is called the
shortest K-path.

Let DS(K) = 0 be the metric of the shortest K-path from the vertex Vs to the vertex V.. Let us assume that for the vertex Vs
the metric D) = 0 for all K.

A step-by-step description of the Bellman-Ford algorithm looks like this. At the initial step of the algorithm (K =0) is
accepted D = co to all i # .

At the following steps of the algorithm (for each K >1), the Bellman-Ford iteration is performed for all:
Di(K) =min [Di(K_l), D].(K_l) + lj,i]' (1)
where l;; is the weight of the edge between the vertices V; and V.

The algorithm ends when the value of K reaches the nhumber of the last vertex Vn, that is, in the worst case, the tree of
the shortest paths has the form of a chain with a length of (N -1) edges. Let's apply the described algorithm:
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1. K=0:
D = min [DS”, D\ + 1y 5| = min[o0,27] = 27; D" = min|D{”, D{* + 1, 4| = min[eo, 40] = 40; D"

= min D\, D\ + 1, ;| = min[eo,539] = 539; D" = min D", D{* + 1, 6| = min[eo, 340] = 268.
2. We choose the vertex V2, the weight of which is the smallest. We perform the next iteration. K=1:

DY = min [DS”, DS + L, 5] = min[eo, 27 + 5] = 32; D" = min [D{”, DI + 1, 6| = min[340, 27 + 254] = 281.

3. We choose the vertex V3, the weight of which is the smallest. We perform the next iteration. K=2:

Df? = min DS, D + 1y, = min[539, 32+ 533] = 539; D = min [D”, D" + Ly ¢] = min[268, 32 + 260] = 268.

4.  We choose the vertex V6, the weight of which is the smallest. K=3:

D§Y = min [D{”, D + Ig,;| = min[533, 268 + 364] = 533; D’ = min [D{”, D + lg,4| = min[40, 268 + 304] = 40; D
= min|D{”, DP + lo5| = min[eo, 268 + 340] = 608.

5. We select the vertex V4 and perform the following iteration. K=4:

DSy = min [D{”, DY + L] = min[eo, 40 +153] = 193; D3 = min [DS”, DY + L, | = min[539, 40 + 585] = 539,

6. We choose the vertex V5, the weight of which is the smallest. We perform the next iteration. K=5:

D = min [DI”, DY + I5,;] = min[539, 193 + 726] = 539.

All vertices have been passed, so the algorithm is complete. Table 7 lists the minimal paths to all vertices from the
vertex Vi.

Table 7. Shortest paths from vertex Vi to other vertices.

The vertices that the route connects Route Distance, km
V1 -V2 (Kyiv-Irpin) V1 -V2 (Kyiv-Irpin) 27
V1 -V3 (Kyiv-Bucha) V1 -V2 -V3 (Kyiv-Irpin-Bucha) 32
V1 -V4 (Kyiv-Boryspil) V1 -V4 (Kyiv-Boryspil) 40
V1 -V5 (Kyiv-Cherkasy) V1 -V4 -V5 (Kyiv-Boryspil-Cherkasy) 193
V1 -V6 (Kyiv-Vinnytsia) V1 -V6 (Kyiv-Vinnytsia) 268
V1 -V7 (Kyiv-Lviv) V1 -V7 (Kyiv-Lviv) 539

Thus, the shortest routes for the delivery of products and raw materials from Kyiv - the top of V; to other cities where
Sushiya establishments are located - were obtained. Solving problems using the method based on the Bellman-Ford opti-
mality principle is that at each stage it is possible to take into account previous changes and manage the course of events
to make management decisions in order to optimize logistics chains. Its further functional capacity, determination of its
development prospects in accordance with the chosen logistics strategy depends on the correctly chosen geographical
position of the object. The latter is aimed at:

. cost minimization;

= optimization of time parameters;

. effective customer service;

= high quality;

= the flexibility of the volume of products offered;

= application of new technologies;

. geographical location.
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Well-established logistics processes provide not only financial benefits but also improve the quality of services, which has
a positive impact on the reputation of restaurant establishments (Table 8).

Table 8. Financial benefits of optimizing delivery in the restaurant business.

Factors Description

Reducing costs for product transportation and storage. Rationalization of logistics pro-
Reducing costs for transportation and storage of products | cesses, optimization of vehicle loading for product delivery, and efficient use of ware-
house space contribute to reducing costs for storing ingredients and transporting supplies

The use of modern order management systems and optimization of delivery routes allows
Acceleration of the order delivery process you to reduce the delivery time of products and orders, improving customer service and
reducing logistics costs

Planning product deliveries and timely replenishment of stocks reduces the risk of delays,

Improving the efficiency of interaction with suppliers which allows you to maintain a continuous service process in the restaurant

Reduces transportation costs and increases restaurant efficiency by ensuring timely re-

Optimization of logistics routes for delivery celpt of necessary ingredients

Provides a high level of guest service, improving their experience and increasing loyalty,

Improving restaurant logistics which contributes to increased sales

The obtained results of the research can be used in the restaurant business for logistics planning and modelling of the
search for the optimal transportation route, which will help to solve the complex tasks of managing the supply chains of
the company's products.

DISCUSSION

The power of graphs goes beyond simple visual representation, allowing the creation of complex network architectures
through the use of various graph operations. Calculating the most efficient route from the point of departure to the
destination in the road network is a key component of both car navigators and logistics services of companies.

The issue of developing optimal logistics routes using graph models is driven by the desire to reduce the costs of various
groups associated with the movement of goods to increase the efficiency of transportation and reduce the risk of delays
in the delivery of material resources. Various graph traversal algorithms have been developed to address this issue.
Steinhardt (2006) concluded that Dijkstra’s algorithm specializes in finding the shortest paths between the vertices of a
graph.

Graph theory advocates emphasize that the use of Dijkstra’s algorithm in combination with hierarchical network modelling
has reduced transportation costs by 28% compared to traditional methods Li, M., & Yang, S. (2011).

Andrew V. Goldberg (2008) came to similar conclusions, studying vertex-to-vertex shortest path algorithms using the
depth-first search algorithm, which is the basis for many other graph traversal algorithms. Abbasi et al. (2011) considered
the dynamic problem of finding the shortest path, which is used in dynamic flows of minimum costs for the transformation
problem. Babich V. et al. (2023) proved that the Floyd—Warshell algorithm is effective in calculating all shortest paths in
dense graphs when there are many pairs of edges between pairs of vertices, and in the case of sparse graphs, the Dijkstra
algorithm is more effective. The Bellman-Ford algorithm, highlighted in the research work, calculates the shortest paths
from one vertex to all others in a weighted graph (like the Dijkstra algorithm). It can work on graphs that have edges with
negative weights. However, it cannot be applied to all such graphs, since each subsequent pass along the path consisting
of edges with a negative sum of weights only improves the result. To find all the shortest paths from vertex s to all others
using the Bellman-Ford algorithm, you need to use the dynamic programming method: break the problem into subproblems
and find their solution. The solution to each such subproblem is to determine the shortest path from one individual vertex
to another.

In these works, scientists propose certain algorithms for specific classes of problems, which necessitates their combination
depending on the type of route and the characteristics of the problem. This allows combining different algorithms to
effectively solve routing problems in logistics and delivery, taking into account specific factors and financial constraints.

This is consistent with the conclusions of Ru, S., who proposes the use of combined algorithms for optimizing intermodal
vehicle routes in logistics. The authors Zhang, X., & Li, Y. (2023) built a distribution route optimization model that uses a
hybrid intelligent algorithm to minimize costs and optimize delivery routes.

Also, research by scientists confirms that optimizing logistics costs and routing have a direct positive impact on return on
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assets (ROA) and return on investment (ROI). However, profitability depends on the correct choice of logistics model
(Huang & Siao, 2023).

But despite sophisticated graph models, companies in unpredictable conditions suffer financial losses due to global supply
disruptions, proving that algorithms cannot always predict crisis scenarios (Atayah et al., 2021). Therefore, two delivery
modes have been proposed to solve the problems: the modern delivery mode of chain restaurants (MDMCR) and the
improved delivery mode of chain restaurants (IDMCR). IDMCR is a one-step approach to directly solve the problem of
delivery routing for multiple branches (Cao, Q., Fu, C., & Li, H., 2022). Some researchers insist on its financial advantages,
while others warn of the hidden risks and limitations of this technology. Graph algorithms become most effective when
combined with other technologies, such as geographic information systems (GIS) or machine learning for demand
forecasting.

Most analysts (Bai et al., 2018) express the opinion that for the greatest accuracy of calculations, it is advisable to represent
the problem of vehicle routing with time dependence since then significant savings are achieved in terms of costs and fuel
consumption due to the existing consideration of route flexibility.

We consider it necessary to pay attention to solving the problem of forecasting the route of export and delivery using a
dynamic spatiotemporal graph-based model called Graph2Route (Wen, H., Lin, Y., Mao, X., Wu, F., Zhao, Y., Wang, H.,
Zheng, J., Wu, L., Hu, H., & Wan, H., 2022). This model uses the basic graph structure and functions in the encoding and
decoding process. In addition, the dynamic nature of graphs can spontaneously describe the dependencies between
different types of developing problems, including financial ones.

Currently, research is underway into models and algorithms for solving practical problems of finding optimal paths, taking
into account existing limitations, given that traditional methods for finding the optimal shortest path often cannot be used
for real-time applications due to their computational complexity.

Therefore, route optimization becomes a critical task for ensuring the financial sustainability of businesses. In this context,
graph theory offers a wide range of solutions, but their effectiveness in real conditions remains a subject of scientific
debate.

CONCLUSIONS

In the simulated situation of laying a route for a restaurant business company, an algorithm was obtained, which was
determined as the best way to determine the optimal paths in different spaces. The existing mathematical apparatus of
graph theory can be used for analysis, optimal construction and development of networks. Based on graph theory, the
mathematical model of the transport network and algorithms for finding the optimal route are considered. Graph theory
provides a simple but effective solution to the given problem.

The practical significance of the model being built is determined by the fact that its application will allow to reveal the
actually existing relationships and provide an optimal solution to the given problem in the presence of certain conditions
with little computational complexity.

The proposed algorithms for finding the optimal or minimum path between given vertices on a known graph make it
possible to reduce transportation costs and increase the financial stability of companies.

Priority areas of research should be directed towards the development of adaptive algorithms that learn in real-time and
take into account unpredictable factors that affect the delivery process. The integration of several graph algorithms can
significantly improve the financial results of the restaurant business, provided that real operational risks are taken into
account. Establishments should carefully assess the potential financial effect and initial costs, especially when solving
complex logistical problems, such as optimizing delivery routes in conditions of limited resources and the number of service
points.

As for management implications, this mathematical model can be used to determine future strategies and technologies for
the implementation of certain logistical tasks, as well as for the development of new technological solutions for current
and future needs. The obtained results form the basis for further research in the direction of optimization of transportation
for justified management decisions in the field of strategic management of restaurant business enterprises.
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3ACTOCYBAHHS TEOPII NrPA®IB A1 ONTUMI3ALII MAPLUPYTIB JOCTABKU NPOAYKUII TA
MIHIMI3ALII BUTPAT Y PECTOPAHHOMY BI3HECI

BaxxnnBa ponb y cucteMi ynpasniHHA MiANPUEMCTB peCTOPaHHOro 6i3Hecy B yMOBaxX KOHKYPEHLiT HaneXuTb BUKOHAHHIO
CK/IaAHUX 3aBAaHb YNpasiiHHA NaHUraMmm nocravaHb Npoaykuii Ta po3pobui HOBUX TEXHOMOMYHMX pilleHb onTuMisauii
TPaHCMOPTHMUX MapLUpyTiB.

Y cTaTTi N0AaHO MaTeMaTUyHy MOAENb ONTUMAsIbHOI AOCTAaBKM NPOAYKUIi Ans MiANPUEMCTB peCcTopaHHOro 6isHecy.

MeTolo po60TV € MpeACTaB/EHHsI NapaMeTpPiB Ta anropuTMiB Teopii rpadiB sk iHCTPYMEHTa Anst aHanisy 1 onTuMisauii
MapLUpYTiB AOCTaBKM NPOAYKLUIii Ans pecTtopaHHoro 6isHecy.
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ANropuTMK MapLUpyTM3aLlii, 3acHOBaHi Ha rpaciyHOMy OMNWCi, BBaXKalOTb HaMbinbW ONTUMANbHUM METOAOM aHanisy Ans
po3pobKkn ONTUMaNbHMX MapLUPYTIB AOCTaBKM NPOAYKLi, WO CpUSiE MiHiMi3auii BUTpaT nianpvemctsa. HasBHICTb pi3HO-
MaHiTHMX anropuTMiB po3pobku rpadis 06'i3HMX MapLpyTiB A03BONsE 06paT HalbinbLL 3pyUYHWUI1 BapiaHT 3anexHo Bij
TPaAHCMOPTHUX MOX/IMBOCTEW, BUAIB TOBApPIB i MOCNYr, YacoBUX 0BMEXEHb TOLLO.

Y cTaTTi 3anponoHOBaHO HayKOBO-MeTOAMYHE NIArPYHTS 415 BUKOPUCTaHHS nNapaMeTpiB Ta anropuTMis Teopii rpadis i3
MEeTO OMTMMI3aLii MapLUpyTiB AOCTaBKy, WO CMPUSE MiHiMi3auii BUTpaT NpoayKLii B pecTopaHHOMy 6i3HeCi, BpaxoByoun
(iHaHcoBY cknagoBy. O6rpyHTOBaHO BMKOPUCTAHHS METOAY AMHAaMIYHOro nporpamyBaHHsa bennmana-®opaa ans uboro
anropuTMy SIK MOLLYKY HaMKOPOTLLOrO LUSISIXY Y 3BaXKeHOMY rpadi.

Po3pobneHo aBa BapiaHTM 06xoay rpada Bravb ans naHUroBoro Ta LMKIIYHOrO MapLipyTiB i BU3HAYEHO HaMKOPOTLLI
MapLUpyTX AOCTaBKM NPOAYKTIB i cMpoBUHU 3 KMEBA A0 BCiX MICT, Y SIKMX pO3TalloBaHi 3aknaan «Cywmns», a came: IpniHb,
byua, bopucninb, Yepkacu, BiHHuus, J1bBiB.

CdopmMoBaHO pekoMeHAaUii WoAO BUKOPUCTaHHS JTOMCTUYHOIO NiAX0Ay B CMCTEMi 06C/TyroByBaHHS Ans NiABULLEHHS SKOCTI
NOCIYr, 3HWXXEHHS BUTPAT, WO 6e3nocepeaHbo BNIMBAE Ha peHTabenbHICTb | hiHaHCOBY CTilKiCTb pecTopaHHOro 6i3Hecy.

KnrouoBi cnoBa: Teopis rpacdis, MoAenioBaHHs, pecTopaH, ONTUMaNbHUIA MapLipyT, NocTadaHHs, MiHiMi3auis BuTparT,
¢iHaHCoBa CTilKicTb, noricTuka

JEL Knacudpikauia: M31, C61
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