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Resume

This article focuses on optimisation of the distribution routes for a company
that produces carpets, floor coverings and tapestries. The optimisation process
is based on operational research methods including, without limitations, Mayer’s
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1 Introduction

The modern age is characterised by the rapid
technological progress, as facilitated by its creators, and
the growing demands being placed on employees. On
occasion, this combination of factors may lead to job losses
within a company. However, if the adopted technologies fail
to meet their potentials, there is a risk that the quality of
products and services will fall, resulting in a significant loss
of customers. In addition, the current supply of products
and services hugely exceeds demand, which calls for
greater appreciation of new and current buyers. Customer
satisfaction and aftercare should, therefore, be the main
objective of all the companies.

The company at the centre of this case study sells
carpets, tapestries, floor coverings (PVC, vinyl, wood,
laminate, linoleum, cork), mats, associated materials
(underlay, glues, skirting boards, sanitizers and detergents),
as well as offers related services, such as floor assembly,
carpet laying and floor cleaning. The company’s large
number of customers means that the company must plan
its distribution routes in detail. Long-standing customers
(57 companies in South Bohemia) are extended free or
reduced shipping costs. The company retains the option
to compensate for these costs in the form of goods or
services. Offering goods is considered risky due to the
fierce competition on the market, so offering services
is considered adequate compensation. Since retaining
customer loyalty is not very easy nowadays, extra bonuses
such as “free shipping” are a great enticement.

2 Methodology

The operational research focused on examining
individual operations in terms of a set of scientific fields
dealing with decision problems. In his book, Jablonsky
refers to operational research as a scientific field - a set
of relatively independent disciplines aimed at analysing
different types of decision problems [1]. He further
points out the impossibility of formulating an exact
definition of operational research. However, he offers
a rough outlining of what operational research covers
by referring to the term as the research of operations.
Within this context, other authors applied operational
research to all the spheres dealing with analysis and
coordination of performed operations (irrespective of
their definition) within a system. For example, as
a scientific tool for developing and supporting the
solution of decision-making problems and the reduction
of emergency situations in continuous transport with
respect to the environment [1-3].

Operational analysis tries to achieve the highest
possible quality of operations, or their mutual
relationship, with a view to ensuring the smoothest
possible functioning of a system. Setting specific criteria
is vital for assessing the proper or unsuitable functioning
of a system by means of mathematical modelling,
which is an indispensable operational research tool.
If one examines a transportation system based on the
operational research, it is specifically this analysis that
uses a model for that system [4-6].
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Table 1 Design of an economic model for the transportation problem [1]
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3 The transportation problem

Transportation problems generally are concerned with
the scheduling distribution of specific goods or materials
from supplier points (sources) to customers (sinks), with
the intent to minimise the overall distribution costs [7].

Holoubek argues that transport tasks focus on
delivering goods from supplier warehouses to customer
storages by maximising the economics of the shipping
process [8]. As one can see in Table 1, he points out that for
each of m supplier warehouses D, D,..., D, the maximum
amount of a, a,..., a, to be delivered is defined. For each
of n customer storage facilities O, O,..., O, the maximum
amount of b, b,.., b to be stored is defined. Capacity
and requirements are measured in identical and standard
units of measure, i.e. tonne, pieces, etc. The last measured
quantity is the transport intensity specifically referred to as
shipping (transport) costs between the supplier warehouse
7 and the customer storage facility j designated as Cp where
=1,2,...,mandj=1, 2, ...n [8-10].

Resolving the transportation problem also includes
case specific consideration for relationships between the
total capacity of sources Xi a (total of all the partial
capacities) and all the requirements of the sinks Yj bj (total
of all the requirements), whereby the formula is as follows:

Yiiai=)jb;. m

For purposes of this problem, it will be referred to as
the balanced transportation problem, i.e. one that satisfies
all the requirements and fills all the capacities.

This transportation problem is calculated as follows:

Siai#y.jb;. )

For purposes of this problem will be referred to as the
unbalanced transportation problem, i.e. one caused by the
excess supply or demand, resulting in a waste of capacity
(over capacity or shortage of).

4 The travelling salesman problem

Pelikan states that the travelling salesman assignments
consist of looking for the optimal route for vehicles
shipping goods using the travelling salesman technique,
whereby distribution network nodes are served (supplied)
once or more times, with the start and end of the route
usually being the starting point. The key objective is to
minimise the overall length of the route, while meeting
customers’ requirements and adhering to the technological
restrictions imposed on the means of transport [11-12].

Other authors analysed the travelling salesman
problem, thereby mostly focusing on the most economical
way of delivering goods to customers. However, this is not
concerned with the typical issue within the concept of the
travelling salesman problem where customers are supplied
from several points. In this case, goods delivery takes place
along one route, starting and ending at the same point.
Experts often call it a travelling salesman assignment. This
task consists of getting from the starting point (point Al)
and delivering goods to places A2, A3 ... A(n) at one time
(in random order) and then returning to the starting point
(Al). The route should be as short as possible with a view
to finding the quickest route starting and ending at point
Al [13-15].

5 Single and multiple travelling salesman problems

Subrt defines a simpler single travelling salesman
problem, which delivers goods along one route [16].

The mathematical model for the single travelling
salesman problem is as follows:

I’Hll’lf: Z Z Cij Xij, (3)
i=1j=1
for which the following conditions apply:

Yl xi=1  fori=1,2 ..,n,
S xp=1  fori=12 .., m,
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ui—uj+nxi<n—1
., N,
x;€{0,1} fori=1,2,...,mandj=1,2, ...,n
The first two conditions allow each node to be visited
exactly once. The third condition ensures the indivisibility
of the resulting Hamiltonian cycle, i.e. the graph cycle visits
individual nodes only once, with the exception of the start
node, which is also the end node [16-17].

fori=1,2, ..., mandj=1, 2

6 Mayer’s method

Ziskal and Havlicek argue that Mayer’s method also
focuses on scheduling routes by selecting minimal elements
[18]. They further point to use of the multi-lane assignments
with a complete route network and limited capacity. To solve
the task based on the Mayer’s method, it is necessary to use
a symmetric matrix of distances. Inside the model, separate
points form a sequence of distance points, whereby the
central point is the last (e.g. a warehouse followed by other
locations according to their distance). The matrix therefore
indicates the farthest point and subsequently those points
closer to the final destination - the central warehouse.
According to the authors, Mayer’s method consists of two
steps [18].

The first step involves selection of points for individual
routes, so that the first route includes the place farthest
from the central position. Unless the vehicle exceeds its
capacity, it goes on to the next point closest (shortest
distance) to the previous location, followed by a check of
the vehicle’s capacity. Unless filled, the lorry, once again,
goes to the next point closest (shortest distance) to the
previous one, followed by a check of its capacity. The whole
cycle repeats itself until the vehicle is packed to capacity.
For scheduling of additional routes, the same method is
applied.

The second step involves putting points on separate
routes into order based on the intuitive decision-making
and previous knowledge.

7 Single linkage method

In his publication, Subrt explains that this technique
was developed from the distance matrix. The main principle
is to determine the starting point and to subsequently find
the most convenient connection (the shortest distance) to
the next place. This point then serves for finding the closest
nexus to a different point [15].

The calculation originated from the rate matrix
(distances), with the starting point column, which is the
last point, first being ruled out. The starting location
line takes on a minimum-rate (distance) cell, which is
integrated into the route and removes the designated
column, followed by indication of the highest-rate cell
in the column that corresponds to the specific location,
complementing the route. The whole cycle repeats itself
until all the points have been incorporated, whereby the

route from the last points leads to the starting point (the
central warehouse).

Paper explains that, one by one, all the points become
starting points, each of them having an allocated route. In
the event of an asymmetric rate matrix, the route must be
traced in reverse. Such a situation will result in either the
crossing out of lines and the detection of minimum rates
in columns or in the whole procedure being conducted on
a transposed matrix that results in an option for the most
convenient route [19-20].

In her work, Frieblova states that the method in
question involves considering each point as a starting point,
i.e. picking the closest place from the starting location
and subsequently the next closest point (unless already
incorporated in the solution, which would mean selecting
the second closest point) [21]. The cycle continues until
the circuit closes, with the process repeated for all starting
points. The so-called quasi-starting points, i.e. those places
not identified as starting points, must be allocated with an
accordingly adjusted route [21-22].

8 Intuition method

The intuition method always tackles simple and
visible problems in the same way. This technique is highly
economical.

Intuitively resolving problems embraces use of
analogies, experience garnered from previous decisions
and/or decisions taken on the basis of first impressions.
These resolutions are often subliminal and are made to
settle the petty problems [23].

9 Analysis of current situation in the company

The company at the centre of this case study sells
carpets, tapestries, floor coverings (PVC, vinyl, wood,
laminate, linoleum, cork), mats, associated materials
(underlay, glues, skirting boards, sanitizers and detergents),
as well as offers related services, such as floor assembly,
carpet laying and floor cleaning.

Internal corporate data - customer address, order of
unloading, time windows used for planning and meeting
deadlines - provided the information necessary for the
calculations. The goods register also contributed to
scheduling of the distribution routes, which in turn provided
information on kilometrage. All the obstacles on roads, for
example bridges and other traffic safety restraints, were
taken into consideration when working out the current
shipping routes.

The company grants free shipping to long-term
customers (57 companies in South Bohemia). The large
number of customers means supply routes must be planned
in detail. This article focuses particularly on the three
delivery routes that are followed every week, namely:

e Monday- Jindrichuv Hradec, Pelhrimov, Tabor.
e Tuesday- Strakonice, Pisek, Klatov, Susice.
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e  Wednesday - Kaplice, Cesky Krumlov, Prachatice,

Vimperk, Ceske Budejovice.

If a public holiday falls on one of these days a different
weekday is fixed.

An employee receives orders from individual customers
and compiles a goods register (list and description of
products). This is sent to the warehouse by fax. The
warehouse workers gather the ordered goods, ordering and
labelling pallets and/or boxes accordingly and in such way
that the lorry can unload the goods as quickly as possible.

The following day, the driver unloads the ordered
goods, making sure to unload the correct goods (incl.
amount and quality) in the right place. To optimise the
process, the following data were required:

e  Vehicle loading capacity in kilograms

e Delivery addresses of customers

e Quantities (in kilograms) being unloaded for individual
customers

e Time windows for unloading

e 3 routes run every week (the optimisation of which
requires consideration being given to all the restrictions
the driver must respect)

10 Analysis of the company’s organisational rules

The company’s organisational rules are as follows:

e Transport is provided using the company’s lorry
(capacity: 3.5 tonnes).

e Three different routes, with scheduled delivery to long-
term customers each week (shipping goods regularly
on Monday, Tuesday and Wednesday to 57 companies
in South Bohemia).

e All the routes always begin and end in the town of
Lisov.

e Only one driver at a time delivers goods.

e  The driver is always accompanied by an assistant - a
company employee who helps to unload the freight.

e The driver can choose from two alternatives with
regards to work times:

e 6 am. start in Lisov and finishing no later than 5.30
p-m. in Lisov;
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e flexible starting and finishing times according to
customer requirements and the opening hours of
unloading places.

e Time windows (e.g. 6.00 am. - 4.00 p.m.) shall be
respected and goods delivered accordingly.

e The time required to complete the shipping route must
not exceed the driver’s maximum daily working hours.

e  Drivers’ breaks, as regulated by law, must be respected.

e Maximum weight limits (in relation to a specific
distribution route and/or traffic restrictions) must be
respected.

e  Height, width and time restrictions imposed on lorries
must be respected.

e  Force majeure (congestions, drivers’ incapacity, lorries’
susceptibility to failure).

Microsoft Excel was used to carefully work out the
three distribution routes with a view to effectively and
efficiently process the collated data.

11 Current distribution routes

In this section, the routes are presented in terms of
the exact number and sequence of unloading points on a
particular day, kilometrage, average vehicle speed and the
time spent on the route.

11.1 Route I

This route is followed on Mondays, involves 19
unloading points, with the town of Lisov being the loading
point. The customer locations are as follows: Jindrichuv
Hradec I - Jindrichuv Hradec II - Rodvinov - Dacice I -
Dacice II - Telc - Studena - Pocatky - Pelhrimov I - Pelhrimov
II - Pelhrimov III - Pelhrimov IV - Arnestovice - Pacov
I - Pacov II - Mlada Vozice I - Mlada Vozice II - Tabor -
Milevsko - Lisov. On Route I, which is 354 km long, it takes
175 minutes (i.e. 2:55 hrs) to unload freight weighing 3 295
kg. The net driving time is 6:65 hrs, excluding a 45-minute
mandatory break. The total number of working hours
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Table 2 Overview of km/day in relation to driver’s working hours

shipping day km/day driver’s working hours min/day  driver’s working hours hrs/day
Monday 354 636 10:36
Tuesday 331 573 9:33
Wednesday 304 591 9:51
total 989 km/3 days 1 800 min/3 days 30 hrs/3 days

required to complete Monday's route is 10:36 hrs (636
minutes). Figure 1 illustrates the planned route that avoids
all road restrictions.

11.2 Route II

This route is followed on Tuesdays, involves 20
unloading points, with the warehouse in the town of
Lisov being the loading point. The customer locations are
as follows: Veseli nad Luznici - Sobeslav I - Sobeslav II -
Sobeslav III - Vrcovice - Pisek I - Pisek II- Pisek III - Blatna
- Klatovy I - Klatovy II - Susice - Susice Volsovy - Bojanovice
- Horazdovice I - Horazdovice II - Katovice - Strakonice I -
Strakonice II - Strakonice III - Lisov. Total kilometrage is 331

km (average speed 55 km/h), total unloading time 165 min,
total cargo weight 3 270 kg, and net driving time 6:03 hrs,
excluding a 45-minute mandatory break. The total number
of working hours required to complete Tuesday’s route is
9:33 hrs (573 minutes). Figure 2 shows Route II.

11.3 Route No. III

This route is followed on Wednesdays, involves 18
unloading points, with the warehouse in the town of Lisov
being the loading point. The customer locations are as
follows: Ceske Budejovice - Tyn nad Vitavou I - Tyn nad
Vltavou II - Temelin - Vodnany I - Vodnany II - Vodnany III -
Netolice - Strunkovice nad Blanici - Prachatice - Vlachovo

COMMUNICATIONS 1/2021

VOLUME 23



OPTIMISATION OF DISTRIBUTION ROUTES:

A CASE STUDY

A67

Table 3 Distance matrix

Lisov  J.Hradecl. J.HradecIl. Rodvinov Dacicel. Dacice IL Telc Studena Pocatky

Lisov 0 40.7 41.2 48.1 95.6 94.9 82.6 69.1 62.4
J. Hradec L. 40.7 0 1.5 7.2 34.2 34.1 41.8 28.3 215
‘III' Hradec 412 15 0 5.6 36 35.8 402 26.7 19.9
Rodvinov 48.1 7.2 5.6 0 38.2 38.1 36.6 23.1 16.4
Dacice 1. 95.6 34.2 36 38.2 0 0.55 15.3 20.1 38.3
Dacice I 94.9 34.1 35.8 38.1 0.55 0 15.1 19.9 38.6
Telc 82.6 41.8 40.2 36.6 15.3 15.1 0 14.8 2b.5
Studena 69.1 28.3 26.7 23.1 20.1 19.9 14.8 0 11.1
Pocatky 62.4 215 19.9 16.4 38.8 38.6 25.5 11.1 0

Brezi - Ckyne - Volary - Borova - Kajov - Prisecna - Kaplice
- Trhove Sviny - Lisov. Total kilometrage is 304 km (average
vehicle speed 51 km/h), total unloading time 185 minutes,
total cargo weight 3 460 kg, and net driving time 6:01 hrs,
excluding a 45-minute mandatory break. The total number
of working hours required to complete Wednesday’s route
is 9:51 hrs (591 minutes). Figure 3 shows Route III.

12 Calculation of overall transport costs

The overall transport costs provide an essential
indicator of the impact thereof on the company’s profits.
The lorry’s average fuel consumption is 18 1/100 km.
Although diesel prices fluctuate, a price of 1.30 EUR/ is
used for the price calculation per km, which is as follows:

Calculation of costs of diesel/km: 0.18%1.3 = 0.234 EUR

Driver costs are 0.56 EUR/km with daily remuneration
of 36 EUR per day. The difference between the price of
diesel per kilometre and the price charged by the shipper
per kilometre is 0.33 EUR (0.56 EUR - 0.22 EUR = 0.33
EUR), with the calculated amount being used for vehicle
amortization, regular maintenance, road tax, extraordinary
events and the driver’s remuneration [25].

Table 2 presents the overall transport costs of the
company in terms of the total kilometrage per week and
total working hours for each day. The costs for Monday,
Tuesday and Wednesday are 198.24 EUR, 185.36 EUR, and
170.24 EUR, respectively. This brings total weekly costs to
553.84 EUR + 108 EUR (total remuneration for driver for 3
days) = 661.84 EUR. On a monthly basis, this is equivalent
to 2647.36 EUR, and on an annual basis 31768.32 EUR.

13 Optimisation of distribution routes

To optimise the distribution routes of the company, it
is necessary to draw up a distance matrix of the individual
customer points. The distance matrix must be symmetric,
containing 57 lines (customers) and the loading place

(warehouse in Lisov), i.e. 58 x 58. Because of its massive
size, Table 3 represents only a part of the designed matrix.

The matrix explores the kilometrage within each
combination of analysed customer points, which is of
critical importance for making final decisions. The model is
symmetric, i.e. the kilometrage from point A to point B and
vice versa is the same. MSExcel was used to draw up the
list of customer points, and googlemaps.com and mapy.cz
for compiling the whole pattern.

14 Application of the Mayer’s method

The Mayer’s method is an important tool with which to
determine routes to the closest destinations and for their
subsequent integration into a single route. The Mayer’s
method involves searching for and including individual
customer points into the specific circuits. The basis for
the application of the method was 58 locations (including
the distribution warehouse in Lisov) divided over the three
distribution routes and hired drivers for three days a week,
with a focus on bringing down the driver costs to 0.56 EUR/
km. The task is to optimise these three routes, thereby
reducing the total kilometrage, whilst meeting the following
requirements:

e  (Cargo weight must not exceed 3.5 tonnes;

e Time windows for deliveries must be adhered to;

e Driver’s daily working hours must not exceed the
prescribed limit; if the driving time exceeds 4.5 hrs, the
driver is entitled to a 45-minute break, which is to be
included in the total working hours.

14.1 Route I

The first step is, with help of the distance matrix,
to determine the farthest place from the distribution
warehouse in Lisov, which is the customer point identified
as Klatovy I. At a distance of 116 km from the distribution
warehouse, Klatovy I is therefore the first point on the
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Table 4 Application of the Mayer’s method to Route I

customer place unloading time (min) goods weight (kg) time windows
Klatovy L. 5 60 6 a.m.-6 p.m.
Klatovy IL 10 100 8 a.m.-5 p.m.
Susice 10 120 8 a.m.-5 p.m.
Susice-Volsovy 10 100 8 am.-5 p.m.
Horazdovice II. 5 80 8 a.m.-5 p.m.
Bojanovice 10 90 6 a.m.-5 p.m.
Horazdovice L 5 90 8 am.-5 p.m.
Katovice 20 900 6 a.m.-5 p.m.
Strakonice III. 10 140 7 am.-5 p.m.
Strakonice II. 5 50 6 a.m.-6 p.m.
Blatna 5 50 6 a.m.-6 p.m.
Strakonice 1. 10 130 6 a.m.-6 p.m.
Pisek IIL 5 70 8 a.m.-5 p.m.
Pisek IL. 20 650 8 a.m.-5 p.m.
Pisek I. 5 90 6 a.m.-6 p.m.
Vodnany III. 10 120 8 a.m.-5 p.m.
Vrcovice 5 80 6 a.m.-6 p.m.
Vodnany 1. 5 100 8 am.-5 p.m.
Vodnany II. 10 80 8 a.m.-5 p.m.
Milevsko 10 100 6 a.m.-6 p.m.
Temelin 10 110 6 a.m.-6 p.m.
Tyn nad Vit. . 10 120 6 a.m.-6 p.m.
Tyn nad Vit. II. 5 50 6 a.m.-6 p.m.
total 200 Min 3.480 Kg

designated route. From Klatovy I, the distance model
identifies the closest customer point from this town, which
is Klatovy II 2.3 km away. The choice of customer point
must take into consideration the capacity of the lorry. The
total weight of the cargo is 160 kg (Klatovy I 60 kg; Klatovy
II 100 kg), therefore within capacity. It is now necessary to
cross out the already visited places in the distance matrix
so as to prevent repeat visits to these points. After crossing
out the lines and columns for Klatovy I and II, the next stop
is Susice (total weight of goods 120 kg). This cycle repeats
itself until the capacity of the lorry has been filled and/or
the 23 customer points have been visited. Table 4 shows the
suggested shipping route.

14.2 Route No. II

The second farthest place (not included in Route I) is
Arnestovice some 98 km from the distribution warehouse in
Lisov. It is now necessary to identify other customer points
closest to Arnestovice, but which have not yet been crossed
out in the distance matrix and whilst making sure that each
customer point is visited only once. The procedure for this

is the same as described for Route I. The total weight of the
cargo on Route Il is 3 465 kg with an unloading time of 190
minutes.

14.3 Route III

The farthest customer point is Volary, 70.8 km from
the distribution warehouse in Lisov. Route III only includes
12 customer points: Volary, Prachatice, Vlachovo Brezi,
Strunkovice, Ckyne, Netolice, Ceske Budejovice, Prisecna,
Trhove Sviny, Kajov, Borova and Kaplice. The total weight
of the cargo is 3 070 kg with an unloading time of 140
minutes.

15 Single linkage method

After dividing the customer points over the three
routes, through application of the Mayer’s method, it is
necessary to arrange the customer points by distance in the
shortest possible order. The single linkage method involves
considering each customer point as a starting point, with
the next closest point being identified as the follow-up

COMMUNICATIONS 1/2021

VOLUME 23



OPTIMISATION OF DISTRIBUTION ROUTES: A CASE STUDY A69

Table 5 Single linkage method - Route I

route I distance
Lisov - Strakonice I - Strakonice II - Strakonice III - Katovice - Horazdovice II - Horazdovice I - Bojanovice -
Susice - Susice Volsovy - Klatovy II - Klatovy I - Blatna - Pisek III - Pisek II - Pisek I - Vrcovice - Milevsko - Tyn 346.8 km
nad Vltavou I - Tyn nad Vltavou II - Temelin - Vodnany I - Vodnany II - Vodnany III - Lisov

Table 6 Single linkage method - Route II
route II distance
Lisov - Veseli nad Luznici - Sobeslav I - Sobeslav II - Sobeslav III - Tabor - Mlada Vozice II - Mlada Vozice I -
Pacov I - Pacov II - Arnestovice - Pelhrimov III - Pelhrimov II - Pelhrimov IV - Pelhrimov I - Pocatky - Studena 330.15 km
- Telc - Dacice II - Dacice I - Jindrichuv Hradec I - Jindrichuv Hradec II - Rodvinov - Lisov

Table 7 Single linkage method - Route II1
route IIT distance
Lisov - Ceske Budejovice - Trhove Sviny - Kaplice - Prisecna - Kajov - Borova - Netolice - Strunkovice - 970.9 k

.9 km

Vlachovo Brezi - Prachatice - Volary - Ckyne - Lisov

destination (if it is already included in the solution, the
second closest customer point is found). This cycle repeats
itself until the circuit is closed. The same procedure applies
to all the starting points, with exception of the quasi-
starting points, which requires suitable modification of the
route [26-27].

15.1 Order of customer points on Route I

The order of customer points on Route I, according
to the single linkage method, starts in Lisov, goes to
Strakonice I and ends in Lisov. The total distance is 346.8
km. Table 5 shows the shortest route.

Based on that, the total time required to cover the
route is calculated and compared to the driver's working
hours. The overall unloading time is 200 minutes, net
driving time 6:31 hrs, average speed 53 km/h, whilst
making sure not to exceed the prescribed 9 hours (after
4.5 hrs the driver is obliged to take a 45-minute break)
or 10 hours (if the route takes longer than 9 hours, the
driver is entitled to a second break of 45 minutes). The
total working time amounts to 636 minutes (10:36 hrs)
including the mandatory break of 45 minutes. If the driver
starts at 5.55 a.m., he should be back in Lisov no later than
4.45 p.m.

15.2 Order of customer points on Route II

The order of customer points on Route II, according to
the single linkage method, starts in Lisov, goes to Veseli nad
Luznici and ends in Lisov. The total distance is 330.15 km.
Table 6 below shows the shortest route.

As before, the total time required to cover the route is
calculated and compared to the driver’s working hours. The
overall unloading time is 190 minutes, net driving time 6:37
hrs, average speed 52 km/h. The total route time amounts
to 587 min + 45 min (mandatory driver’s pause). The total
working time, including the obligatory break, is 632 minutes.

If the driver starts at 5.25 a.m., he should therefore be back
in Lisov by 3.57 p.m.

15.3 Order of customer points on Route III

The order of customer points on Route III, according
to the single linkage method, starts in Lisov, with the
first customer point being in Ceske Budejovice. The total
distance is 279.9 km. Table 7 shows the shortest route.

If the driver drives at an average speed of 54 km/h, the
net driving time is 5:23 hrs, which, with an unloading time
of 140 minutes, plus a 45-minute mandatory break, comes
to a total of 508 minutes (8:28 hrs). If the driver starts work
at 6.40 a.m., this would mean that he would return to Lisov
3.08 p.m.

16 Application of the intuition method

Experimental findings suggest this method produces the
best results (lowest kilometrage). The internet application
mapy.cz processed the factual data on addresses of the
customers, which were placed in the most convenient order.

16.1 Order of customer points on Route I

The distance of Route I could be cut to 330.2 km. The
total time this would take is 6:15 hrs (at an average speed of
53 km/h). The driver’s number of working hours = 6:15 hrs
+ 45 minutes (compulsory break) + 200 minutes (unloading
time) = 620 min (10:20 hrs).

16.2 Order of customer points on Route II
Applying the intuition method to Route II produces

the three significant changes (for Jindrichuv Hradec I,
Jindrichuv Hradec II and Rodvinov), with the rest of the
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Table 8 Comparison of methods - Route I

method route I distance
Lisov - Strakonice I - Strakonice II - Strakonice III - Katovice - Horazdovice II - Horazdovice I -
single linkage Bojanovice - Susice - Susice Volsovy - Klatovy II - Klatovy I - Blatna - Pisek III - Pisek II - Pisek 346.8 km
method I- Vrcovice - Milevsko - Tyn nad Vltavou I - Tyn nad Vitavou II - Temelin - Vodnany I - Vodnany '
1I - Vodnany III - Lisov
Lisov - Temelin - Tyn nad Vltavou I - Tyn nad Vltavou II - Milevsko - Vrcovice - Pisek III - Pisek
intuition II - Pisek I - Blatna - Klatovy I - Klatovy II - Susice Volsovy - Susice - Bojanovice - Horazdovice II 330.2 km
method - Horazdovice I - Katovice - Strakonice III - Strakonice II - Strakonice I - Vodnany III - Vodnany '
II - Vodnany I - Lisov
Table 9 Comparison of methods - Route II
method route II distance
Lisov - Veseli - Sobeslav I - Sobeslav II - Sobeslav III - Tabor - Mlada Vozice II - Mlada Vozice
single linkage I-Pacov I - Pacov II - Pelhrimov I - Pelhrimov IV - Pelhrimov II - Pelhrimov III - Arnestovice 330.15km
method - Pocatky - Studena - Telc - Dacice II - Dacice I - Jindrichuv Hradec I - Jindrichuv Hradec II - ’
Rodvinov - Lisov
Lisov - Veseli - Sobeslav I - Sobeslav II - Sobeslav III - Tabor - Mlada Vozice II - Mlada Vozice
intuition I-Pacov I - Pacov II - Pelhrimov I - Pelhrimov IV - Pelhrimov II - Pelhrimov III - Arnestovice 396.75 km
method - Pocatky - Studena - Telc - Dacice II - Dacice I - Rodvinov - Jindrichuv Hradec I - Jindrichuv '
Hradec II - Lisov
Table 10 Comparison of methods - Route 111
method route I1I distance
single linkage Lisov - Ceske Budejovice - Trhove Sviny - Kaplice - Prisecna - Kajov - Borova - Netolice - 979.9 km
method Strunkovice - Vlachovo Brezi - Prachatice - Volary - Ckyne - Lisov '
intuition Lisov - Trhove Sviny - Kaplice - Prisecna - Kajov - Borova - Volary - Ckyne - Vlachovo Brezi - 968.4 km
method Prachatice - Strunkovice nad Blanici - Netolice - Ceske Budejovice - Lisov. '

route being identical to that of the best solution of the
single linkage method. The distance is 326.75 km, and the
net driving time 6:18 hrs at an average speed of 52 km/h. In
this case, the driver’s number of working hours = 6:18 hrs
+ 45 minutes (compulsory break) + 190 minutes (unloading
time) = 613 minutes (10:13 hrs).

16.3 Order of customer points on Route III

Under the intuition method, the distance of Route III
dropped to 268.4 km. The net driving time is 5:05 hrs at an
average speed of 53 km/h. In this case, the driver’s number
of working hours = 5:05 hrs + 45 minutes (compulsory
break) + 140 minutes (unloading time) = 490 minutes (8:10
hrs).

17 Evaluation of the optimised routes - Comparison
of the single linkage method and intuition
method

17.1 Route I - Monday

The shortest route identified by the single linkage
method produced worse results than that devised by the
intuition method. The reason for this is that the single
linkage method line does not reflect the closest and most

suitable place. This omission may result in a customer point
being ruled out because it is situated in an unfavourable
location on the route. Table 8 shows results of application
of both methods.

17.2 Route II - Tuesday

In this case, the shortest route identified by the single
linkage method also produces the worse result than that
devised by the intuition method, but only by a margin of
3.4 km. The difference lies in the single linkage method’s
approach to the closest possible place, which excludes
the most convenient way. For example, the journey from
Dacice I to Jindrichuv Hradec I is the shortest, yet not the
handiest route. A more suitable route would be for the
driver to first go to Rodvinov and then to Jindrichuv Hradec,
saving 3.4 km. Table 9 shows results of application of both
methods.

17.3 Route III - Wednesday

Table 10 shows results of application of both methods
to Route III. Once again, the intuition method produces
the best results. On this route, the driver would therefore
unload in Trhove Sviny first.
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Table 11 Comparison of driver’s working hours

single linkage method (hours) intuition method (hours)

routes current situation (hours)
route I - Monday 10:36

route II - Tuesday 9:33

route III - Wednesday 9:51

total working hours 30

10:36 10:20
10:32 10:13
8:28 8:10
29:36 28:43

18 Calculation of annual costs

The company currently pays annual transport costs
of 31768.32 EUR. Under the single linkage approach, this
would be 30904.32 EUR, leading to annual savings of 864
EUR. However, under the intuition method, this would
fall even further still to 30057.60 EUR, thereby generating
annual savings of 1710.72 EUR.

Current situation: 2647.36 *12 = 31768.32 EUR
Single linkage method: 2575.36 *12 = 30904.32 EUR
Intuition method: 2504.80 *12 = 30057.60 EUR

In percentage terms, the annual savings under the
single linkage method would be 2.72%, whilst under the
intuition method 5.39%.

19 Calculation of time savings

Evaluating the time savings is another variable that
requires consideration. Table 11 compares the driver’s
current number of working hours for each route (in total
30 hrs over 3days) to that under the single linkage method
(29:36 hours over 3 days) and the intuition method (28:43
hours over 3 days).

20 Conclusion

Firstly, the specific terms used in the article, were
defined like the operational research, transportation
problem, travelling salesman problem and multiple
travelling salesman problems.

An analysis of the company’s current situation pointed
us towards resolving the multiple travelling salesman
problem using the Mayer’s method. The very first step was
to design a symmetric distance matrix (58 x 58 towns/
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