JOURNAL “TRANSPORT TECHNOLOGIES”

Vol. 6, No. 2, 2025

Nazar Khomin ISSN: 2708-2199 (Print)

National Transport University ISSN: 2709-5223 (Online)

1, Omelianovicha-Pavlenko Ave., Kyiv, 01010, Ukraine
Available online:

© Khomin N., 2025 https://doi.org/10.23939/tt2025.02.033
BY NC

OPTIMIZATION OF DRIVER WORK SCHEDULE TO PERFORM A
SPECIFIED VOLUME OF INTERCITY FREIGHT TRANSPORTATION

Summary. The article is devoted to the global problem of driver shortages in road freight
transportation. One promising way to mitigate this labour shortage is to enhance the logistics of
order fulfilment for the fleet of trucks and the drivers who operate them. This study proposes to
discard all restrictions on the organization of work for drivers, except those established by
European Union Regulation 561/2006, which affect fatigue and road safety. The object of the study
is the work schedule of drivers while performing a given volume of intercity cargo transportation.
The subject of the study is the influence of methods of work organization and driver interaction on
achieving the minimum required number of drivers, provided that the given volume of transportation
orders is completed on time and in accordance with EU Regulation 561/2006. In particular, it is
proposed to abandon the assignment of drivers to vehicles and introduce a variable method, with the
beginning and end of each driver’s shift coinciding with the points of loading and unloading of
goods. In this case, the complexity of the active schedule development methodology increases, as it
is necessary to consider the organizational interactions of drivers on routes. Drivers are given the
opportunity to transfer vehicles to each other and perform combined tasks. However, at the same
time, they can rest only at the end of the shift without violating regulations 561/2006. Thus, the
drivers’ working time is used more efficiently. The task of building schedules is, in this case, NP-
complex and its exact and guaranteed solution is not always available. However, the study used a
modified method of ordering mixed disjunctive graphs to find such a solution. One of the
modifications is that the field of possible solutions is limited by operations on the auxiliary graph
used in the methodology. The structure of the auxiliary graph depends on the number of drivers who
can be involved in transportation. Thus, the chromatic number of the auxiliary graph should not be
greater than the specified maximum number of drivers. Another modification concerns the
preparation of the content and the list of arcs of the main graph. The arcs are formed taking into
account the early possible beginnings and late completions of transportation. It became possible to
develop a heuristic algorithm for ordering the graph and obtain a guaranteed optimum with these
changes. The algorithm was applied to a test model of transportation performance with different
numbers of drivers and different options for limiting their work. It was demonstrated that under
different conditions, it is possible to achieve varying efficiencies of order fulfilment, to use the
minimum number of personnel. Thanks to the proposed method, it is possible to reduce the required
number of drivers by at least 7 % compared to the current organization of their work, that is,
without a variable method, fixed points of stay of drivers. The practical value of the proposed
methodology and the corresponding algorithm lies in their ability to be successfully applied in the
activities of road freight carriers, thereby partially addressing the problem of labour shortage. The
results demonstrate the possibility of organizing the work and rest of a limited number of hired drivers
in such a way that they will be able to complete 24 % more orders in the same amount of time,
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while ensuring the maximum permitted duration of their truck driving and the minimum duration of
shift and inter-shift rest.

Key words: driver scheduling, shift method, driver interaction, mixed graph ordering,
transportation logistics optimization.

1. INTRODUCTION

Road freight transportation is a crucial area of business activity in Ukraine, particularly during
wartime. According to the State Statistics Service of Ukraine, 354 million tons of cargo were transported
by road in 2024, representing a 7.8 % increase from 2023. Freight turnover increased by 13 % to 184.5
billion ton-km. Experts predict further growth in these volumes. However, a significant obstacle to this is
the exacerbation of the driver shortage problem. There is an acute shortage of truck drivers in Ukraine,
which amounts to approximately 40,000 people, resulting in 30 % of the entire available fleet being idle
[1]. The main reasons include mobilization, the migration of personnel abroad, and insufficiently attractive
working conditions, primarily due to the lack of organized rest areas and an insufficient number of
reservations for drivers. The same problem is recognized as active in other countries worldwide [1, 2]. In
the USA, for example, the nationwide shortage of truck drivers was approximately 80,000 people in 2020,
and it is predicted to increase to 160,000 by 2030 [1]. In the European Union, this figure has already
exceeded 224,000 people, according to official statistics. Of course, the reasons for the outflow of
personnel in Ukraine are significantly different from those of foreign carriers. Common reasons for the
shortage of drivers in developed EU countries and Ukraine relate to aging, low attractiveness of the
profession (irregular schedules, long downtime, and business trips). Furthermore, most importantly, the
conditions for performing freight transportation are becoming more complicated due to increased
regulatory requirements for drivers' work and rest periods [3-5, 6].

To solve this problem, transport industry experts predict the successful application of measures in
three directions. First, it involves impoving methods for drawing up driver schedules, taking into account
the restrictions outlined EU Regulation 561/2006, on the one hand, and enhancing methods for organizing
the work of interconnected driver teams. The new schedules include requirements for their density,
guaranteed accessibility, and reliability of execution, as well as the ability to find a guaranteed optimal
option with an extensive database [5-8]. This direction is the most realistic in the short term. The second
direction involves the use of autonomous vehicles controlled by automated systems, which regiure minimal
driver participation and therefore with minimal driver fatigue [1-3]. And the third direction is to increase
the level of organization of transport processes using the appropriate telecommunication technologies that
are being developed [9]. However, the last two directions can give the desired effect in the long term and
are risky in terms of the payback of the relevant projects.

2. STATEMENT OF THE PROBLEM AND RELEVANCE OF THE STUDY

This study proposes a method to partially solve the problem of the shortage of qualified drivers by
refining the methodology for creating optimal schedules for a team of drivers serving a single truck fleet.
The research concerns the so-called fully loaded trucks. Transportation by a fully loaded truck is described
as a transport chain with one link, where the source and sink are connected through direct, non-combined
transportation, i. e., without changing vehicles and reloading. The type of cargo (except for special classes
of cargo) does not affect the way to solve the problem. Universal vehicles are used for transportation.

Carriers receive a set of orders daily or over a more extended period (2-4 days) that need to be
fulfilled by the existing fleet of trucks and the team of drivers assigned to them for a predetermined
planned period of duration W. An order is the need to move a group of goods between specified points of
the transport network. If the carrier is unable to fulfil the order in period W, then it is an opportunity to lose
both the order and the client. The fleet of trucks is based in a depot. The fleet of trucks can be stored,
serviced, and subjected to necessary repairs in the depot for an extended period. In some cases, there may
be a requirement that the driver who has fulfilled the next order returns the vehicle to the depot. However,
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this article shows that such requirements significantly limit the actual time available to drivers. It is also
assumed that drivers are not assigned to trucks, but use a shift method of work. At the same time, drivers
can transfer the vehicle to their partners at any transport point through which the cargo delivery route(s)
pass. The main condition that drivers must adhere to is compliance with the working regimes in accordance
with the European Agreement on Road Transport Teams (EUTR). Here, the principle contradiction arises in
ensuring the coordinated logistics of drivers: the duration of driving a vehicle does not always correspond to
the permitted driving time as specified in regulatory acts. Similarly, the permissible duration of a driver’s
shift / inter-shift and variable rest does not always correspond to the duration of the order / several orders in a
row, which can cause delays in the delivery of goods or result in the actual time of drivers being significantly
underutilized. When building an optimal joint work schedule for a team of drivers, it is necessary to use the
maximum number of drivers to fulfil N orders. The maximum number of drivers, Pnax, is equal to the number
of orders for the period W. In this case, the carrier will be able to fulfil all orders in the shortest possible time,
but the drivers will not be busy for the entire working time, and the problem of their shortage will be
exacerbated. On the other hand, drivers can be assigned tasks in such a way that each of them works the
maximum shift duration within the permissible norms and at the same time fulfils several orders in a row or
parts thereof, while meeting the requirements of the EUTR, and the number of drivers in the crew is minimal
[4]. In this regard, the following goal was set to solve the formulated problem: to develop a methodology for
optimizing the work schedule of a team of drivers, which would allow us to maximally exclude unproductive
idle and unloaded trips from the schedule and increase the productivity of direct performers of a given
volume of intercity transportation. Driver productivity will be defined as the amount of transportation work
performed (in terms of mileage with cargo) per unit of time. To achieve this goal, it is necessary to solve two
tasks: 1) to develop a methodology for building the densest schedule for a group of drivers considering the
restrictions on the duration of their work and rest; 2) to conduct a study of the influence of initial conditions
and data on the ability to obtain an optimal schedule for the implementation of a transport order by drivers.
The main way to achieve the goal of the study is to save the working time of drivers, which is determined by
EU Regulation 561/2006; however, the actual time may be significantly lower due to the absence of a dense
work schedule.

3. ANALYSIS OF THE RECENT RESEARCH AND PUBLICATIONS
Analysis of recent publications has shown that the constructing effective schedules encompasses a
wide range of transportation problems, where it is necessary to determine the optimal sequence or time
intervals for performing a specific set of logistics operations [5, 7, 10, 11]. For some of these problems,
effective analysis algorithms are known. For example, these are network planning problems, and the
simplest tasks of determining the sequence of processing of different orders from two consecutive devices.
For all other problems of this range, the proposed algorithms [5] are either heuristic or are built based on
exhaustive search. For many schedule planning problems with different initial formulations, algorithms are
needed that allow transforming the known schedule according to the variety of business situations [12].
However, there are no known formulations and methods for studying the task of compiling a schedule of
operations that meet the following conditions at present moment:
— each order consists of consecutive operations: preparatory and working;
— the duration of the preparatory operation is unknown in advance, it depends on the sequence of
orders being executed;
— each order requires resources, namely a truck and a driver / drivers, the number of drivers
depends on the selected order execution sequence;
— each job requires a certain number of shared resources, the number of which is limited;
— the sequence of order execution is not limited, i. e. the tasks are independent;
— performers of different jobs are different and have different requirements for the quality of the
schedule;
— there are no consolidated quantitative indicators of the quality of the schedule.
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The main objective of the research presented in [13] was to propose a concrete mixer truck routing
model to improve the efficiency of concrete delivery operations in terms of cost-effectiveness and optimal
routing. In the process of formulating the problem in the mathematical model, it was represented as a
mixed-integer linear programming model, based on the problem of routing large-capacity vehicles with
time windows. This model was considered using both exact and heuristic methods. First, the model was
considered by an exact method, the Gurobi optimizer, which uses the branch-and-bound method. However,
considering that the vehicle routing problem is NP-hard, the complexity of the model increases with the
number of customers and vehicles, leading to a corresponding increase in calculation time when solving
the model.

In [14] and others, it has been shown that graphs are powerful tools for modelling service systems
and scheduling problems. However, the complexity of these systems and their scheduling problems has
increased significantly due to continuous technological development. Thus, it is essential to develop robust
graph-based modelling approaches to address these complex issues. Despite the significant number of
publications that apply graphs to scheduling problems, a comprehensive review is lacking in the literature.

Intelligent scheduling has been widely studied to manage transportation operations and increase the
transportation capacity of carriers [8]. Some existing truck scheduling methods consider the critical
parameter (i. e., truck speed) as a constant, which is impractical in real industrial scenarios. The authors
proposed a multi-criteria optimization algorithm for truck scheduling, based on the criteria of minimizing
waiting time, maximizing productivity, and minimizing financial costs. However, this algorithm is not
suitable for driver scheduling, as it does not account for the time constraints of their work.

The complexity of the driver scheduling problem must match customer time windows, work periods,
and regulatory rest requirements. These limitations were discussed in [5]. Although truck driver scheduling
is a well-known problem, existing algorithms cannot cope with interdependent routes. In particular, the
authors applied the route interdependence condition in the aforementioned publication. A mathematical
model and label propagation algorithm are proposed in this paper to address the problem in accordance
with EU regulations. Experiments show that the proposed algorithm can quickly plan a large number of
interdependent routes and outperforms the mathematical programming approach [10]. The algorithm
generates valid schedules for multiple drivers and thus becomes the basis for future vehicle routing
algorithms that consider interdependent routes and work rules. However, this algorithm does not utilize the
variable method of driver operation. It also does not account for the need for their interaction on the
transport network when fulfilling a pre-known set of orders.

The influence of a fair attitude of the carrier towards hired drivers is of crucial importance for the
personnel provision of motor transport enterprises. The uneven complexity of transport orders is often
disproportionate to the drivers’ salaries. This problem was solved in the article [15]. The authors tried to
eliminate deviations from the average duration of trips on different tasks. Mathematical programming was
applied. However, it is worth accepting the high price of the achieved fairness. It is an increase in the total
time for performing all transport tasks.

We showed in the article [16] that algorithms based on the arragement of mixed (disjunctive) graphs
are quite effective for compiling an optimal schedule in terms of speed. Heuristic approaches were used for
this ordering, which ultimately led us to find a guaranteed optimum in terms of speed with acceptable
accuracy and within a reasonable simulation time. However, the results obtained concerned truck schedules
with no restrictions on the duration of their operation. The permissible number of drivers was not taken
into account.

Researchers quite often use a two-stage process for schedule optimization due to the difficulty of
providing a guaranteed solution to the problems. This approach, for example, was used in articles [17, 18].
However, the two-stage approach does not always ensure the accuracy of the solution.

Another type of problem combines two or three related problems in a single algorithm. The
condition for the success of such a combination is to reduce the level of uncertainty at each step of the
modelling [17]. The same approach has been applied in the complex planning of automobile transportation,
considering the volume and duration of delivery [19].
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After analysing the well-known publications on truck scheduling, it can be stated that multi-criteria,
complex, or problems with many constraints require a heuristic approach to their solution. A promising
methodology is the use of graphs as the most universal process models.

4. PRESENTATION OF THE MAIN MATERIAL
4.1. Formulation of a typical transport task

A typical transport task was considered on the example of transport services provided by a transport
company in one of the territorial communities of Ukraine. The data were selected from real reports of an
automobile company and are episodes from its past activities. One of these typical tasks is cargo
transportation, which is carried out by a company between seven points, as shown in the graphic model of
Fig. 1. Point D is the administrative centre of the community, where the truck fleet depot is located. The
average time of movement of trucks between neighbouring points of the transport network is indicated
above the edges of the graph in hours. This time was determined, taking into account the known average
operating speed of trucks on each section of the transport network and the actual length of the section. The
task of determining the shortest distance between any two transport points is trivial, known, and was not
performed in these studies.

During the day, the carrier whose activity is being considered receives N orders, where the content
of each order is the transportation of goods between some points g; and g;. The order must be executed no
later than time W.

The carrier has at its disposal the maximum number of drivers
(Pmax) and R units of trucks to fulfil orders. The ratio R/Pmx>1,
according tothe research problem. In the example of the carrier
mentioned above, this ratio reaches a value of 1.3 in specific periods
(26-30 % of the rolling stock fleet remains in the depot due to the
absence of drivers). Therefore, to save drivers’ working time funds, they
must: (a) not be “attached” to a specific vehicle, because this makes it
impossible to use the shift method; (b) to start the work shift at the point
that belongs to the shortest route of this order (first loading, transit
point); (c) use the shift method of work, that is, transfer the vehicle  Fig. 1. Graph of transport links
(with or without cargo) at those points, the arrival times of which
most closely correspond to the driver’s fullest load in terms of time. In this case, work and rest regimes must be
observed in accordance with EU Regulations 561/2006. Thus, if there is a known order for the delivery of goods
02 — s, then, according to Fig. 1, the duration of driving the truck is 6 hours, and the duration of loading
operations is 1 hour. Therefore, the possible schemes for fulfilling this order may be as follows.

The first scheme: driver No. 1 took over truck No. 1 at point g,, where it was loaded. Then driver
No. 1 drives the truck to depot D, where he hands it over to driver No. 2. In this case, driver No. 1 spent
3.5 hours of working time without a break for a rest and did not exceed the duration of the permitted
continuous driving time (4.5 hours). In this case, the driver’s No. 1 work shift has not yet ended, as he can
take over another truck that is involved in executing another order. Driver No. 2 takes over truck No. 1. He
drives this truck to the point gs, where he participates in the unloading process. Driver No. 2 spends 3.5
hours of working time, also does not exceed the continuous work norm, and is ready to start executing
another order that starts at point gs. The total working time spent by drivers according to the first scheme is
7 hours, including 6 hours of continuous trips with cargo. There are no trips without cargo.

The second scheme: driver No. 1 took over truck No. 1 at point g,, where he loaded it. Then, driver
No. 1 arrives via a transit route to depot D, where he must make a short-term rest stop lasting at least 45
minutes. After that, driver No. 1 continues to move towards point gs, where he unloads the cargo. After
that, driver No. 1 is forced to stop his work shift, since its duration is already 7.75 hours, which is
approximately equal to the maximum allowed value (9 hours) according to EU Regulation 561/2006.
Driver No. 1 will not be able to start fulfilling any other order available on this transport network.
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Comparing two elementary schemes for fulfilling only one order, we can note the following
differences. The first scheme is flexible and economical in terms of working time, and its schedule is tight.
However, implementing such a scheme requires a large amount of data on order availability , an effective
algorithm for building an accurate schedule, and a corresponding system for its strict adherence. The
second scheme is reliable in terms of the random nature of logistics operations, as it provides drivers with
more lenient working conditions. However, the drivers' working time funds are underused, and the duration
of order fulfilment is longer.

4.2. Schedule construction methodology

The mixed graph ordering methodology [16] was applied to display the process of fulfilling a set of
orders on a transport network. The transport network graph H(G, L) is considered, where G is a set of
vertices G = {D, 0,...0z}, (transport points), L is a set of edges, communication routes (it is assumed that
all network routes are two-way and the duration of travel along each route in the forward and reverse
directions is the same (see Fig. 1)). The vertex D symbolizes the carrier’s depot. Unlike known solutions,
not all routes begin and end with D here. In this case, the depot serves as a temporary (inter-shift) storage
point for trucks and a point for their maintenance.

The carrier must have a free vehicle with a driver at point gy, or such a truck must arrive at the given
point from the nearest one on time to start fulfilling an order for the delivery of goods between points gy —
0y,- Thus, the initial data for compiling the driver schedule includes the graph A(N, U, V), where N = {S, n;,
N2,...Nmax, F} is the set of known transportation orders, S, F are fictitious vertices that symbolize the formal
start and formal finish of the entire project (all orders specified for the period W), nma is the maximum
number of orders in the project; U, V are, respectively, the set of arcs and edges of the graph, each of which
symbolizes the sequence of order execution. The arcs and edges of graph A are given the following content
and quantitative assessment of arc weight:

& j=lj+tj+tej, 1)
where te;, ty;, te; — time points, respectively, of the latest completion of order execution n;, the earliest start
of order execution nj, and the latest completion of order execution n;

Thus, the duration of the order execution by the driver significantly depends on the transport task
performed before and whether this order was handled by another driver in cooperation. If there is an edge
vij = {uij, uj;} in the graph A, then this means that the orders n;, n; can be executed in any order. However,
in order to determine the unique schedule of the drivers, there must be no positive weight contours in the
graph A, i. e., the condition must be satisfied for any pair of orders n; n;:

—2ji Sl j — i <4 j. )

If there is an arc a;; in the graph A for which inequality (2) is not satisfied, then it is called
conflicting, and it is necessary to review the graph A in order to remove the arc.
Also, it is necessary to review all edges in the graph A and perform the following possible
transformations with each of them:
a) remove the edge [a;;], which means that orders n; and n; will be executed by different drivers
independently;
b) replace the edge [a;;] with the arc (a;;), which means that order n; will be executed by the same
driver before order n;;
c) replace the edge [a;;] with the arc (a;;), which means that order n; will be executed by the same
driver before order n;.
The decision to change an edge is made based on the analysis of the degree of conflict of the edge.
The first-priority transformations should concern the most conflicting edge [18]. The decision (a) to delete
an edge is made based on the analysis of the available number of drivers. To do this, in addition to
operating with the main graph A, we create and operate with an auxiliary undirected graph H(N, V), the
vertices of which are members of the set N. The graph H is constructed as follows. If the operation a; with
the main graph is the destruction of the edge [a;;], then the graph H(os) is obtained from the graph
H = H(oo) = (N,) as a result of adding the edge [a;;]. If the operation a, is the replacement of the edge
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[ai;] by one of the arcs (aij), or (a;;) in the graph A, then the graph H(a,) is obtained from the graph H,
identifying the vertices n;, n; with one vertex. If o is the transformation of the edge [ai;], H(a1) = H(ap).
The number of vertices in the graph H is not greater than the predetermined number of drivers Ppax.
Having calculated the chromatic number y(H(ostwp)), We can determine the constraint that the presence of
drivers imposes on the final optimal schedule:

x H Ustep < Prax: 3)

where step is a number of modelling steps.

This condition means limited possibilities (to execute several orders simultaneously) due to the lack
of the required number of drivers, an organizationally established sequence of execution, etc.

The understanding of a conflict edge is used to conduct a targeted search for conflict edges in graph
A, i. e., one for which the inequality condition (2) is not satisfied. Among the conflict edges of graph A, the
most conflicting ones can be found, i. e., those whose transformation leads to a greater search effect. To do
this, for each conflict edge, it is necessary to find the heuristic value:

hij:te.j N,U +ng N,U +ai_j—8 N,U , (4)

where 9;(N,U) is the maximum weight of the path in graph A starting at vertex n;; $(N,U) is the longest
path in graph A.
When choosing the most conflicting edge from all conflicting edges of the set V, we are guided by
the value min(h;;, h;;). For which edge the value found is the largest, we will call it the most conflicting.
The formal content of the task of constructing a schedule is that it is necessary to find ways $; for all
orders i,j = 1...N. The weights of these paths determine the latest start times for each i-th order. In order
for the desired schedule to be unambiguous (there was no time discrepancy), the condition must be met:

a2t j e (5)
The moment of the start of execution of any i-th order is searched together with:

tsj=max 0,4 ,
j

The moment of the end of execution of any i-th order is searched together with:
ip =kj+ar <l (7

A schedule for which condition (5) is satisfied for all orders and all trucks is called active, and the
value tir, calculated by (7), will be the earliest completion of the i-th order. There is a one-to-one
correspondence between the set of all active schedules constructed from graph A and the set of all graphs
that do not contain positive weight contours. Therefore, we consider the schedule generated by graph A,
which does not contain positive weight contours, and hence edges V, to be unique [18]. A sequential
analysis of variants is applied with an enumeration of all graphs from the set of admissible graphs, and the
search among them for the optimal one according to the criterion of minimum project duration for a given
number of drivers.

Considering the requirements of EU regulations 561/2006, arcs with negative weights —a;; were
used to impose restrictions on the schedule of drivers involved in the transportation process, which reflect
the restrictions on the time of order fulfilment (Fig. 2). The time of movement of a truck between any two
points of the transport network was determined based on information on the average operating speed for
past periods.

Then, for example, if ts1. = 0, as; = 2.5 hours,
a;» = 3.0 hours, axg = 2.5 hours, a,s = 4.5 hours (maximum
permitted 561/2006 duration of continuous vehicle move-
ment), and ars = 9 hours (maximum permitted duration of
driver shift), then constraint (5) for path S—-1-2—-F is not satis-
fied by the duration of continuous run, but is satisfied by the
maximum duration of shift for path S—1-F. If condition (4) is Fig. 2. Graphical modelling
not satisfied for any edge or arc, then such edge and arc are of operation duration constraints

1<j<N. (6)
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called conflicting, and measures are taken to resolve the conflict. Therefore, in this example, it is necessary
to use some intermediate point between points n; and n, for a short-term driver rest or to apply driver
replacement. The interacting links, marked as —oo, are actually absent or not considered.

The algorithm was programmed for computer problem-solving in the Delphi environment.

4.3. Example of solving a test problem

Let us consider one of the results of applying the proposed algorithm for compiling an optimal
schedule for the execution of 13 orders on the transport network (see Fig. 1) for cargo delivery: 1) fictitious
S; 2) 1-D; 3) 2-5; 4) 2-6; 5) 3-6; 6) 3-4; 7) 4-1; 8) 4-3; 9) 5-3; 10) 5-1; 11) 6-3; 12) 6-2; 13) fictitious F.
The durations of transportation between the specified points of the specified orders constitute a vector of
values (0, 2.5, 5, 4.5, 6, 5.5, 3, 4, 3, 4.5, 4.5, 5.5, 6.0). The total, net labour intensity of drivers to fulfil
these orders is 53 hours. The allowed project execution time is 24 hours. Under such conditions, at least 10
drivers are required, which the carrier does not have.

A graph of the initial conditions of the problem was constructed. When applying the algorithm, the
following solution was obtained with eight drivers (Fig. 3).
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Fig. 3. Solution to the scheduling problem: #1-8 — driver number;
II-XI11 — orders being executed; S, F —fictitious orders

The project duration is 17.5 hours. This duration is the time from the start of execution of all orders
ts1e=0 to the completion of the last scheduled order (in Fig. 3, order VI, which ends at point 6). The
maximum duration of the driver shift does not exceed 11 hours for driver No. 7, while the duration of
driving the truck does not exceed 8.5 hours. For all other drivers, the duration of the shift does not exceed 9
hours, with an allowable duration of continuous driving of 4.5 hours each. The duration of useless runs
does not exceed 7.5 hours for all drivers. The project deadlines are met. The algorithm is designed so to
allow for changes to the maximum number of drivers involved and the maximum duration of the project. If
these initial data are contradictory, an error is issued about the possibility of achieving positive results.
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4.4. Research into the impact of the number of drivers involved
on the duration of a set of orders

The algorithm was applied for three initial conditions: 1) drivers are not assigned to vehicles or to
the departure point D; 2) drivers are not assigned to vehicles, but each of them must start and end the shift
at point D; 3) drivers are assigned to trucks individually, and must also leave for the route and return from
the trip only from point D. In each of the three options, the initial number of drivers varied from 12 to 6.
Such limits were adopted for the following reasons. The maximum required number of drivers cannot
exceed the number of orders. The minimum required number of drivers depends on: the total labour
intensity of fulfilling all orders (53 hours, excluding unloaded trips); the maximum allowed duration of
fulfilling all known orders (19.5 hours, or two driver shifts); and the nominal driver time fund considering
the requirements of EU 561/2006 (9 h., 45 min.). If the number of drivers is entered into the schedule
optimization algorithm as 5, then the corresponding computer program cannot find an acceptable schedule.
It means that the minimum required number of drivers has been achieved according to the adopted
heuristic. The obtained simulation results are presented in Table 1. The maximum duration of driving a
vehicle by one driver is 4.5 h, according to Article 7 of the regulations 561/2006.

Table 1

Simulation results

Variant of initial Number of | Minimum project duration Maximum duration of Total duration of
conditions drivers achieved, hours driver shift, hours idle run, hours
1 6 22.5 10.5 12
7 19 10 12
8 17.5 8.5 7.5
9 10 8.5 4.5
10 8 9 4.5
11 6.5 11 4.5
12 6.5 11 2
2 6 56 11 24
7 56 8 18
38 8,5 18
9 28 11 11
10 22.5 11 10
11 16 9
12 12.5
3 6 175 10 35
105 10 22
55 9 17
9 36 11 17.5
10 26.5 9 12.5
11 24 8 11
12 22.5 11 11

The simulation results were obtained when applying the algorithm within the allowable time. The
results enable one to select the optimal option based on the availability of human resources. The enterprise,
for which the methodology and algorithm were used, has eight drivers as staff members. When applying
three different options for the initial conditions to a staff of this number of drivers, the results, presented in
Table 1 in bold, were obtained.
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5. CONCLUSIONS AND PERSPECTIVES FOR FURTHER RESEARCH

The work schedule of a group of drivers is of primary importance in planning their employment.
After all, the number of hired drivers depends on the planned duration of transportation and the work and
rest regime of drivers in accordance with EU regulations 561/2006, on the other. The coordination of these
conditions and restrictions can be achieved through schedule optimization. In this study, optimization was
carried out according to the criterion of minimizing unproductive downtime and drivers waiting time, as
well as unloaded truck runs. The optimal options differ significantly depending on the choice of initial
conditions and restrictions. The best of all the above indicators is option 1, which confirms our assumption
about the effectiveness of the variable method of driver work and the detachment of drivers from point D.
With any number of hired drivers from the interval 12-6, the option of initial conditions 1 gives from
59.86 % to 48 % reduction in the minimum duration of the project compared to option 2. Compared to
option 3, these ratios increase, respectively, by 78-71 %.

The maximum duration of the driver shift is a value that depends on the choice of the nominal work
and rest modes for drivers and the constructed schedule. So, for the example shown in Fig. 3, the
maximum duration of the driver shift No. 7 does not exceed 11 hours, and at the same time, he performs
two orders, V and XIllI, and the duration of the driver shift No. 2 is 9.5 hours, while he also performs two
orders, VI and VIII. The option of the initial conditions of the schedule does not affect the maximum
duration of the shift for these reasons.

The total duration of the useless mileage of trucks depends on the sequence of order execution.
Changing the initial conditions option can reduce this duration by 2 to 4 times if only the drivers are untied
from the vehicles, and by 3 to 6 times if the trucks are untied from their long-term storage location.

For example, if the drivers are attached to the trucks and to the start and end points of the routes,
then a team of 8 such drivers will be able to complete the transport task no earlier than a week later, taking
into account the necessary inter-shift rest. Reducing the number of restrictions on the organization of
drivers' work reduces their shortage when it is necessary to fulfil the order promptly. The optimal schedule
is advisable for the first option under the initial conditions. If we compare the duration of the project for
the first and second options with the same number of drivers, then in the first option is at least half as long
as the second and three times shorter than the second option.

Thus, it can be argued that the developed algorithm for scheduling a team of drivers who work in
shifts and are not tied to a specific place of inter-shift rest is an effective way to reduce the duration of
cargo delivery, increase the driver productivity, and reduce the required number of drivers. Unlike known
methods and corresponding algorithms, the schedule is compiled for a team of drivers, taking into account
EU Regulations 561/2006, and allows one to reduce the duration of route runs.

The use of a parametric series of active schedules allows for an optimal decision regarding the
number of drivers involved. An increase in the number of drivers results in a significant reduction in the
project’s duration. However, this reduction is not linear. Thus, under the first variant of the initial
conditions and the presence of 6 drivers, increasing number of drivers to 7 will lead to a 15.5 % reduction
in the project duration, while increasing the number of drivers by one more will result in a 7.9 % reduction
in the duration. In the second variant, increasing the number of drivers from 6 to 7 does not yield any
positive results, and increasing to 8 drivers results in a 32 % reduction in the project duration. For the third
variant, the change in the number of drivers is of cardinal importance. The duration of the project here
changes from 40 to 105 % with an increase in the number of drivers. For the first variant of the conditions,
the duration of all orders can be reduced threefold by increasing the number of drivers. However, at the
same time, the driver’s productivity decreases, each team member becomes more autonomous in their
work, so the integrative effect of their labour productivity decreases.

Thus, the developed methodology is an affordable way to improve the organization of drivers’ work
and achieve the desired logistics indicators.
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At the same time, it becomes clear that the proposed scheduling methodology can have a greater
effect if applied to a much larger volume of initial data. It is the prospect of future research.
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OINTUMI3ZALIS PO3KJIAZY POBOTH BOJIIB JIJ11 BAKOHAHHSA
3AJAHOT'O OBCATY MIZKMICBKHUX BAHTAKHUX ITEPEBE3EHD

Anomayia. Pozensmymo 2nobanvhy npobdremy oOegiyumy 600ii@ 01  ABMOMOOITbHUX
nepesesenv gammaoicie. OOuH 3 NEPCNEKMUBHUX HANPAMI8 YHUKHEHHA Yb020 OpaxKy mpyoosux
Pecypcie — YOOCKOHAIeHHs I02iCMUKU 8UKOHAHHS 3AMO6/1eHb OJisl CYKYNHOCI 6AHMANCIBOK | 800ii8,
AKI HUMU Kepyiomb. Y 00CTIONCEeHHT 3aNPONOHOB8ANHO GIOKUMYMU YCI 00MEJCeHHs. HA Op2aHi3ayio
pobomu 600iis, Kpim mux, axi ecmanoeierni peenamenmom E€sponeticoxoco Cow3sy 561/2006, wo
6NAUBAIOMb HA 6MOMY | Oe3nexy 00podchHbo2o pyxy. 00’ ekmom 00CHIONCEeHHs € PO3KAA0 pobomu
6001i8 ni0 uyac BUKOHAHHA 3A0aAH020 00CsA2Yy MINCMICLKUX nepesezenb eanmadici. Ilpedmemom
00CHIONHCEHHS € 8NIUB MeMO0Oi6 Opearnizayii npayi ma 63aemooii 600ii6 HA OOCACHEHH MIHIMANbHOL
HeoOXIOHOI X uucenrbHOCMI 3 YMOBU GYACHO20 6UKOHAHHS 3A0AH020 00cs2y 3aMOGNeHb |
dompumanns peenamenmie €C 561/2006. 3anpononosano, 30kpema, i0MOBUMUCH 8i0 3AKPINIEHHS
600118 30 MPAHCNOPMHUMU 3ACOOAMU, 3ANPOBAOUMYU 3MIHHULL MemOoO, a NOYAMOK i 3a8epUuLeHHs
SMIHU KONMCHO20 600is NPUSHAYUMU 8 NYHKMAX 3A6AHMANCEHHS | PO3BAHMANCEHH 8AHMANCIE. YV
MaKkomy 6unaoxy 3pOCMmAc CKIAOHICMb MeMOOUKU pPO3POONEHHST AKMUBHO20 PO3KIA0Y, addce
nOmpiOHO 8paxyeamu OpeaHizayiuny 63aemodilo 800iig Ha mapwpymax. Bodii ompumyroms
MOdCIUBICMb Nepedasamu 00uH 0OHOMY MPAHCROPMHI 3ACOOU, BUKOHY8AMU KOMOIHOBAHT 3a80aHHS,
ane gionoyusamu auwie Micis 3a8epuieHHs 3Minu Oe3 nopyuienus peenamenmis 561/2006. Tax
Ppobouull wac 600ii6 BUKOPUCMOBYEMbCS ehekmusHiwe. 3adaua nody0osu po3xiadie €, 6 MaKomy
pasi, NP cxrnaonoro i it mounuii ma eapanmosanuii po3s’sa3ox He 3aexcou oocmynuuil. OOnax 0s
NOWLYKY MAK020 PO38’53KY 8 OO0CAIONCeHHI 3ACMOCOBAHO MOOUDIKOBaHUL MemOO 6NOPIOKYBAHMHSL
smimanux ous tonkmusnux epaghis. O0na i3 moougixkayiii nojiseae y momy, wjo nojie MONCIUBUX
PO36’A3Ki6 obMedicene onepayisimu Ha OONOMINCHOMY epagi, AKULL GUKOPUCTOBYEMbCS 8 MEMOOUY.
Cmpyxkmypa 0OnOMIdNCHO20 2pagha 3anedcumsv 6i0 KibKOCmi 600ii8, AKUX MOJCHA 3AAy4umu 00
nepegezenv. Xpomamuune 4uUCio OONOMINCHO20 2paga He NoGUHHO Oymu OIIbUUM, HIdNC 3A0aHA
MaKCUMAanbHa Kitbkicmo 600ii8. Llle o0na mooughikayis cmocyemvcs nio2omoexu 3micmy i nepeixy
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dye ocHogHo20 epadgha. [lyeu cghopmosani 3 ypaxy8aHHAM PAHHIX MOJICIUBUX NOYAMKIE | Ni3HIX
3a6epuieHb nepegeseHv. 13 yumu 3miamu  60an0Ch pPO3POOUMU  eBPUCTUYHUL  ANeOPUMM
VNOPAOKYGAHHS 2pagha U Oompumamu 2apaHmoanuilt. onmumym. Aneopumm 3acmocosano 0ns
mecmosoi Mooesi BUKOHAHHS Nepede3eHb 3a PI3HOI KibKOCMI 800ii6 i PI3HUX 6apiaHmMie 0OMediceHDb
ixnvoi pobomu. Iloxazano, wjo 3a pisHUX YMO8 MOJICHA 00Csemu Pi3HOI eqheKmusHOCmi 6UKOHAHH
3AMOB/IeHb, 3ACMOCY8AMU MIHIMANbHY KLIbKICMb NEpCOHANy. 3a805SKU 3aNpONOHOBAHOMY MEmOooy
MOJICHA CcKOpomumu HeoOXiony Kinbkicms 600ii6, wjonaumeHwe Ha 7 % NOPIGHAHO 3 YUHHOIO
opeanizayicio ixuboi npayi, mobmo 6e3 3MIHHO20 Memody, 3aKPINACHUX NYHKMIE nepedy8aHHs
6001ig. [lpaxmuuna yinHicMb 3aNPONOHOBAHOI MemoOuKyU i GiONOGIOHO20 ANCOPUMMY NOJA2AE Y
momy, wo IX MOXMCHA YCRIWHO 3ACMOCO8Y8amu 6 OIIbHOCMI ABMOMOOINbHUX BAHINANCHUX
nepesisHuKi6 0/ YACMK0B8020 8UpiueHHs npobaemu Opaky mpyoosux pecypcis. Pezyiemamu
0EMOHCMPYIOMb MONCAUBICMb MAK OP2AHI3Y8AmMU Npayo i 6iONOYUHOK 00MedceHOl KilbKocmi
HaUMAaHux 800ii8, Wo GOHU 3MOXCYMb 6UKOHamMuU Ha 24 % 3amoenens Oinvule 3a mou camuti Gono
yacy, i npu yvomy im 0Oyoe 3abe3neueHa 003601€HA MAKCUMATbHA MPUBATICMb Kepy8aHHs
BAHMAIICIBKAMU | MIHIMATILHA MPUBATICING 3MIHHO20 § MINCIMIHHO20 8IONOYUHKY.

Kniouosi cnosa: poszxnad pobomu 600iig, 3MiHHUL MemoO, 83AEMO0Ist 800Ii8, BNOPAOKYEAHHS
smimanux epaghis, onmumizayis 102iCMUKU nepese3eib.



