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Abstract: This article describes the determination of theaidistance correction factor that reflects ttteia density of
the road network in V4 countries. V4 countries the Czech Republic (CZ), Slovakia (SK), Poland (Bhdl Hungary
(HUN). No correction factors reflecting road depsimong major population places were still avaédbt V4 countries.
Three-level administrative classification and daten statistical offices concerning population dgnen 31 December
2017 was used. In MS-Excel was designed functionsiftaining coordinates of selected places andl destances using
queries to Web Map Service Google Maps (WMS). Riisthnces obtained by queries represent the fagiesection
on the road. The great-circle distance and spHériaagle were used to calculate direct distarfcas coordinates. The
places were selected using ABC analysis basedeopdpulation sample and it was reduced so thanthhly limit of
gueries to WMS was not exceeded. The obtained salfieorrection factors can be used in vehicleingutFor the
smallest classification items, in CZ, for 273 pkeéth a population of over 5 000, the averageeslof the correction
factor kavg) range between 1.277 and 1.326. In SK, for 248gsavith a population of over 3 00Qyy ranges between
1.424 and 1.446. In PL, for 376 places with a patioh of over 20 00Kkav ranges between 1.206 and 1.285. Finally, in
HUN, for 287 places with a population of over 5 JR{, ranges between 1.301 and 1.345.

1 Introduction mentions the use of tabu search heuristic [10]ukited

The design of an efficient distribution system is aannealing algorithm [11] and genetic algorithm [12]
important part of the modern concept of materialvfl Another very efficient algorithm is the savings hstic
management Comm0n|y referred to as Supp|y Cham‘3] and its mOdlfl-Catlon.S for vehicle rOl:]tlng Wlth
management [1]. Supply chain management (SCM) fgstrictions such as time windows [14] or vehidpacity
defined as a material, information and money flodd5, 16]. All these algorithms are very influendey the
p|anning in a network of mutua”y linked Organimﬁ; that fact, that the size -Of the Optlmlzatlon model \.Nhlehults
add value to goods and services intending to gatisfend from its formulation grows extremely rapidly as the
consumer’s needs [2]. Seen from the perspective #fmber of customers increases [17]. Also, it isessary
processes, SCM includes p|anning’ purchase’ pmmjuct to distinguish, if the distance or time should lpmimized
and distribution [3]. [16].

The main goal of the distribution is to supply amsers What is common for the application of the aboveesta
with the required goods of the required quality an#nodels in vehicle routing is the necessity to take
promptly. Distribution is a link between productiand account the distances among warehouses and customer
customers [4]. When designing distribution systemdVarehouses and customers are most often represeitited
companies typically decide about the number anatioe ~ an address that |nd|c§ates the!r location. Havmgc:_.'adress
of warehouses [5] and the way how goods are tratespo Means that geographic coordinates may be obtaiogua
to customers from warehouses (i.e. vehicle routiaghat geographic information system (GIS), typically gsin
distribution costs are as low as possible whilentagiing ~dueries to a web map service (WMS). GIS is an organ
the required service level [6]. The service level iaggregate of information technology, software and
represented particularly with the lead time [7]eTtend in  geographic data that allows for efficient obtainistring,
the current market environment is extreme customerdpdating, analyzing, transferring and viewing aiids of
pressure on lead time shortening [8]. It is impartes  9eographic information [18]. WMS works on the ctien
model the whole supply chain to satisfied customer§erver principle and it allows for sharing geogiaph
requirements [9]. information in the form of grid maps on the Interfe9].

A wide range of model approaches can be used to dea If coordinates IndlcaFlng the IOCQtlon Of warehaise
with the issue of vehicle routing. For instancéeriture and customers are available, the direct distanoesng
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them can be calculated using, for example, thet@iegde Table 1 Administrative classification of V4 couesriused

distance and spherical triangle [20]. However, such for determining k

distances do not reflect the actual density ofgjpantation Level / c7 SK PL HUN
routes in the regions where distribution takes gland Country

they lead to distribution costs distortion. Actditances Ly kraj | kraj | wojewodztwg megye

can be obtained in two following ways: L K K - Kistérse
« WMS direct query at the actual distance 2 OKres| Ookres powiat Istersqg
between two places linked by some kind off  Ls obec| obec gmina telepiles

transport route,
« adjustment of direct distance using the L3 components are first arranged in MS Excel

correction factor that reflects the actuaRccording to the size of population and an ABC ysialis
density of the transport network. performed for each country following the share loé¢ t
A drawback of the first way is a frequent limitatiof ~Population living inL3 components of the total population
WMS to the number of queries that can be made mithi of each country. Group A includes3 components that
certain time interval as well as the fact that wherries ~contribute to the total number of each country jsutation
exceed a certain number, the service is usuallggeksfor.  With 80%, Group B includes another 15% and GrouheC
If distribution routes among places using the savingsfémaining 5%. _
algorithm is designed that works with a matrix stances ~ After conducting an ABC analysid,3 components
consisting ofn lines and n columns, presuming that a With the highest number of the population are imedlin
distance between two p|aces is the same as tladéson the calculation of k so that the monthly limit O.qu’ieS to
the way back, in order to fill the matrix of distms it WMS Google Maps for three unique API keys is not
would be necessary to make such an amount of guerie €xceeded. WMS Google Maps is employed for obtaining
WMS that corresponds with the sum of an arithmigtie ~ coordinates and route distance8.components included
where the first term equals 1, the last term equdlsind  in k calculation are shown in Table 2.
the difference is 1. If it is taken into considévatthe fact
that distribution commonly occurs between hundrefls

Table 2 L3 components included for determining ¢ e size
of the population living in them

places and vehicle routing is often performed dalych r—
an amount of queries to WMS presents a big burBgn. Country No. of Ls | Population in
: S i : components| L3 components

contrast, when using the other option, it suffiteebtain
only n geographic coordinates through queries to WMS. cz 273 >5 000

The objective of this paper is to determine the SK 245 >3 000
correction factor of direct distance tha_t reflettis ac.tual PL 376 >20 000
density of the road transport network in V4 cowdriv4
countries are the Czech Republic (CZ), Slovakia)(SK HUN 287 >5 000

Poland (PL) and Hungary (HUN).
The share of; components included lncalculation in

2 Materials and Methods CZ is approx. 61%, in SK and PL it is around 62% an
Administrative classification of V4 countries ieels  HUN it is approx. 68% of the country’s populatitmall

(see Table 1) together with data from statistidates of Mmonitored countries, the selection only included

those countries concerning numbers of populatida on ~ COmMponents from Group A. These are generally places

31 December 2017 were used to determine the ciamectWhere supply and demand are concentrated and with
factor of direct distancek) there was used. community facilities such as shops and restaurargs

better developed. That means that such places are
interesting from the perspective of distribution.

“Functionl” is created in MS Excel (see Appendix 1)
that uses Google Maps APl Geocoding as a platform t
calculate coordinates. The platform was accessed in
1/2019. The argument of the function (i.e. Addressd is
the following string:
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Table 3 Functionl - argument address

Country La L2 Ls Address
Ccz Stedaesky kraj Kladno Slany L3&", okres "&L2&", "&L1
SK KosSicky TrebiSov Smvce L3&", okres "&L2&", "&L1&" kraj"
PL Kujawsko-pomorskie Tuchola L3&", "&L1&" wojewddztwo"
HUN Somogy Fonyaodi Balatonlelle L3&", "&L2&", "&L1

For instance, for thd; component from Table 3, numberL; coordinates are plotted on the graph and visual
situated in CZ, Functionl returns string 50.230462Zheck of their location is performed in the adniiaisve
14.0869439. After splitting the string into a padicating classification oL (see Table 4).
latitude and longitude and once they are transfdrtoea

Table 4 Administrative classification of L1 compaisen V4 countries

No./Country Cz SK PL HUN
1 Jihadesky Banskobystrick Dolnaslaskie Bécs+Kiskun
2 Jihomoravsk Bratislavsk Kujawskc-pomorskit Baranyi
3 Karlovarsky KoSicky £ bdzkie Békeé:
4 Kralovéhradeck Nitransky Lubelskie Borsoc-Abalj-Zemplér
5 Liberecky PreSovsk Lubuskie Budapes
6 Moravskoslezsk Trensinsky Matopolskie Csongra
7 Olomoucky Trnavsky Mazowieckit Fejél
8 Pardubick Zilinsky Opolskie Gyér-Mosor-Sopror
9 Plzeaisky X Podkarpacki Hajd(-Bihar
10 Prah: X Podlaski Heve:
11 Streda@esky X Pomorski Jas-Nagykur-Szolnol
12 Ustecky X Slaskie Koméron-Esztergor
13 Vysogina X Swietokrzyskie NOgréac
14 Zlinsky X Warmiaskc-mazurski Pes
15 X X Wielkopolskie Somog
16 X X Zachodniopomorsk Szabolc-Szatma-Bereg
17 X X X Tolng
18 X X X Vas
19 X X X Veszprén
20 X X X Zale

Direct distanceD; between twols; components is latitude and longitude of the location with lowammber of
always determined in MS Excel for two locationshnét  population.
higher and lower number of the population using the
following formula (1): In the case of CZ 37 128 direct distances are Izt
for SKitis 29 890, for PL 70 500, and for HUN @41.
“Function2” is created in MS Excel (see Appendix 2)
that uses Google Maps API Directions as a platftosm
(x2)))*SIN(RADIANS (90-(x1))) *COS(RADIANS((yz- calculate the route distance D2 between two L3
y)))) (1) components. Same as in the case of obtairliag
coordinates, the API Directions platform was acedss
where x; and y; are latitude and longitude of the1/2019. The arguments of the function (i.e. Origimd
location with higher number of populatiox; andy, are Destination) used are strings in the form comingir
Functionl. Thanks to that, direct as well as raig&gances

=6378,135*ARCCOS(COS(RADIANS(90-
(x2))) *COS(RADIANS(90-(x1)))+SIN(RADIANS(90-
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correspond with places of the same coordinatesiefetl
D, represents the fastest route betweenltwapmponents
on the road. That means that connection using
motorways and main roads is preferred when queries
made to API Directions.

The direct distance correction factor when caléugat
road distance is defined for twla components in the
following way (2):

For each country, values of correction factors are
arranged in a matrix, grouped according to the mmimn
number of population living in thés components and
averaged.

3 Results and Discussion

Table 5 shows the results of the ABC analysis lgy th
share of the population living Iy components of the total
population of each country.

k=D2/D1 (2)
Table 5 ABC analysis by the share of populationdjin L3 components of the total population ofteaguntry
L 3 components in the group

Group Group population/Country’s population Cz SK PL HUN

A 80% 121 80¢ 93¢ 67¢

B 15% 247 107t 89¢ 114:

C 5% 2571 1 00¢ 491 132

Total Lscomponents in count 6 25¢ 288¢ | 232¢ 314t

In CZ, 80% of the population lives in 1 213
components, which is approx. 19% of the total
components in the administrative classificationdude
SK, the same goes for 805 components with approx.
28%, in PL, it is 938 with approx. 40% and in HUNis

principle (the 80/20 rule). In PL, the great numlodr
municipalities classified in Group A is due ths
administrative classification when certdip components
unify populations of administrative centers andirthe
related municipalities in the vicinity into one.

679 L; components with approx. 22% of the total number Ls coordinates from Group A included krcalculation
of Lz components. In CZ, SK, and HUN the results of thare plotted in graphs in Fig. 1 — 4.
ABC analysis are in line, to a great degree, withRareto
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It is important to note that; components included kn  L;. Locations oL, components correspond with the actual
calculation are only a part of Group A (see Tablevhich locations of such administrative units in the nealp and
is due to the existence of a limited number of mser in the general view, they correspond with the dctbape

concerning coordinates and route distances of W4d®. of the countries.
In all the countries placement &f within L; forms a Average values of correction factors fargroups that

compact area, while points makk locations, from two differ with the minimum number of population livirig Ls
differentL; components they only overlap at the frontier oEomponents are shown in Table 6.

Table 6 Average k values for L3 groups differinthwiie minimum population living in L3 components

Country CZ SK PL HUN
Population in ks No. of Ls Kave No. of Ls Kave No. of Ls Kave No. of Ls Kave
>= 500 00! X X X X 5 1.20¢ X X
>= 250 00! X X X X 11 1.23] X X
>= 100 00! 6 1.27i 2 1.44¢ 41 1.25i 9 1.32¢
>= 50 00! 18 1.32¢ 10 1.42¢ 111 1.27¢ 21 1.301
>= 20 00! 62 1.32¢ 38 1.42i 37¢ 1.28¢ 61 1.32¢
> =10 00! 131 1.31¢ 72 1.43( X X 141 1.33¢
>=7 00( 19C 1.32¢ 97 1.42¢ X X 20z 1.34:
>=5 00( 27¢ 1.32¢ 13t 1.42¢ X X 287 1.34¢
>= 3 00( X X 24~ 1.42¢ X X X X
In CZ, the average values of the correction faigg) In CZ, PL, and HUN, the value grows together wiith t

range between 1.277 and 1.326. In SK,khgvalues are increasing number ofs; components included ifayg
between 1.424 and 1.446. In PL, kag values are between calculation (i.e. with the decreasing minimum numabk
1.206 and 1.285, while in HUN tHea,y values they are population living inLs). In SK, the trend is quite opposite,
between 1.301 and 1.345. which is due to the mountainous landscape in tintrale
part with only one backbone road connectiagn the west
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Appendix 1

Function Function1(Address As String) As String

Dim Request As New XMLHTTP60

Dim Results As New DOMDocument60

Dim StatusNode As IXMLDOMNode

Dim LatitudeNode As IXMLDOMNode

Dim LongitudeNode As IXMLDOMNode

On Error GoTo exit

Request.Open "GET", "https://maps.googleapis/owmps/api/geocode/xml?" _
& "&address=" & Application.EncodeURL(Addres®) "&key=A*zaS*DQ**y***|PX3u****y7ogt*J1**u*k9*",

False
Request.send
Results.LoadXML Request.responseText
Set LatitudeNode = Results.SelectSingleNodegult/geometry/location/lat")
Set LongitudeNode = Results.SelectSingleNotteglilt/geometry/location/Ing")
Functionl = LatitudeNode.Text & ", " & Longitablode.Text

exit:

Set StatusNode = Nothing

Set LatitudeNode = Nothing

Set LongitudeNode = Nothing

Set Results = Nothing

Set Request = Nothing

End Function

Appendix 2
Function Function2(Origin As String, Destination 88ing) As Double
Dim myRequest As XMLHTTP60
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Dim myDomDoc As DOMDocument60
Dim distanceNode As IXMLDOMNode
On Error GoTo exit
Origin = WorksheetFunction.EncodeURL(Origin)
Destination = WorksheetFunction.Encode URL (Desitom)
Set myRequest = New XMLHTTP60
myRequest.Open "GET", "https://maps.googleapi/maps/api/directions/xml?" _
& "&origin=" & Origin & "&destination=" &  Destnhation
"&key=A*zaS*DQ**y***|PX3u****y7ogt*J1**u*k9*", Fals e
myRequest.send
Set myDomDoc = New DOMDocument60
myDomDoc.LoadXML myRequest.responseText
Set distanceNode = myDomDoc.SelectSingleNodeg/distance/value")
If Not distanceNode Is Nothing Then Function@istanceNode.Text / 1000
exit:
Set distanceNode = Nothing
Set myDomDoc = Nothing
Set myRequest = Nothing
End Function

&

"&sensor=false"

&
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