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Abstract. This article is focusing on exploring parameters, which are needed to determine the most suitable loca-
tion for public logistic centres in the Czech Republic. There is a wide range of factors, which will have an impact on
the chosen location. It is not easy to define all the factors and include them into one model, especially because some
of them are difficult to quantify. The aim of the research is to design a suitable tool to support the decision making
process for the location of the public logistic centres. As public logistic centres will be partly financed by the Czech
government, it is necessary to find a sensible tool as decision support.
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of the weighted sum approach (WSP).

1. Introduction

The first real logistic companies in the Czech Republic
had been created since 1990, most of them had a support
from foreign sources. The supply of logistic services of-
fered mostly by foreign companies, was generated as the
product of the competitive market and it was allocated at
the suitable places of great demand for logistic and trans-
port services. The result is that the net of logistic cen-
tres is not rightly balanced over the Czech territory. The
highest concentration of logistic centres can be found
around Prague, Brno, Olomouc, Ostrava, and along the
motorway D1 (Jihlava, Havli¢cktiv Brod, Humpolec).

In the present paper Logistic centre will be regard-
ed as the central point and as a part of logistic chain
between suppliers and costumers. Logistic center is of-
fering wide range of logistic services, other services and
reducing number of connections on a way between sup-
pliers and costumer. Usually there are multimodal lo-
gistic centres which connect benefits of different modes
of transport (Bruinsma et al. 2000; Montague 2002; Bu-
kova, Dvorakova 2007; Bukova, Ondras 2010; Knyviené
et al. 2010; Kampf, Roudnd 2010).

2. The Situation of Logistic Centres
in the Czech Republic

Nowadays, there is no Public Logistics Centre in the
Czech Republic offering more than one mode of trans-
port service. A small indication of change could be the

projects ‘Draft Methods of Index Benchmarking for Lo-
gistic Centres’ and “The Allocation of the Public Logis-
tics Centres, which are currently being prepared. They
aim at using the methods to find a solution to the pub-
lic logistics, the increase of intermodality in the cargo
transportation, and decrease of the transport factors ad-
verse to the environment. Table 1 identifies the most im-
portant logistic areas in the Czech Republic (Cempirek,
Kampf 2005).

2.1. Categorization of Logistic and Distribution
Centres in the Czech Republic

Logistics centres in the Czech Republic are categorized
as follows:

o corporate logistic centres;

o logistic centres owned by logistic companies;

o large logistic zones;

o logistic networks owned by providers of courier,

express and parcel services;

« logistic centres for web-business companies.

The categorization is explained in chapters from
2.1.1 to 2.1.5 in details.

2.1.1. Corporate Logistic Centres

These logistic centres are owned and used by a single pro-
duction company or a single business chain company. Due
to the restructuring of the logistic distribution systems of
large European international companies the number of
local logistic and distribution centres has been limited.
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Table 1. The most important logistic areas in the Czech Republic, as of May 2010

Project Location Area, m? Developer Customers
Prologis Park Prague D1 Praha 148000 Prologis DHL, Rossmann, Tesco Stores
CTP Park Modftice Modfice 43000 CTP Invest UPS, Electro World, DHL
Rudnd Logistics Park Rudna 162000 Viterna/Heitman Schenker, Telefonica O2
Airport Brno Logistics Park Brno 102000 CB Richard Ellis NZ
CTP Park Bor Bor 539485 CTP Invest Tech Data, Bridgestone
D8 Eurpoean Park Kozomin 90000 NTP NZ
Raiffeisen Airport Logistic Park ~ Knézeves 52000 Raiffeissen Prolnvest ~Ecco Paper, ESA
Rudnd Logistics Park II Rudnd 50000 DTZ Papirius, Schenker, DFDS, Frans Maas
Southpoint D1 Distribution Park Strancice 170000 Pinnacle DHL, Schenker, Hopi
CTP Park Divisov DiviSov 3070 CTP Invest Mattel, Danone
Airport Logistic Park Praha 50000 ESA s.r.o Setuza, SCJ, Lybar, Sedba-Baking
Logistic Park Lovosice Ustinad L. 17135 Selectra spol. s.r.o. Selectra spol. s.r.o.
Tulipan Park Prague Praha 60000 \C/\Z Skhe%l:fé & Maersk logistics, Domo Service, Valeo
Northpoint D8 Distribution Park Zdiby 150 000 Feico VF Czech Service, Finnforest, Spedition
Orange Park Plzen 700000 Mayfield Plzen, s.ro. -

There is mostly one large European centre associated
with several regional centres. Some companies establish
only one logistic centre in the countries of comparable
size to the Czech Republic. The disadvantage of these
corporate logistic centres consists of the concomitant
increase of transport distances, as there might be cases
of counter transport or detour transport because the
goods are transported from the sources to the destina-
tion via the logistic centre. As a result of this, there is an
adverse higher traffic load on infrastructure (i.e. roads),
although the system provider might achieve total savings
because of the limited number of logistic points.

Companies having their own logistic centres deal
with various fields, such as food industry (Lekkerland,
Nuget), chemical industry (Den Braven, Siad-Praxair),
building industry (Baumit, Cesaro), printing and adver-
tisement (Optys, Jackstddt), electric industry (Tedom,
ELKO Valenta), metal pieces and coupling material,
kitchen equipment, garden accessory, floor and wall tile
production and some others.

The significant logistic branch is associated espe-
cially with the automotive production, such as Inter Cars
Company supplying spare parts both for personal cars
and lorries, as well as the tires. In the Czech market it is
especially the biggest logistic centre for SKODA AUTO
a.s. located in the Plazy industrial zone near Mlada Bole-
slav. In comparison, the automotive TPCA company in
Kolin has chosen a different way of supplying without
any logistic centres. Most of the components are trans-
ported on road by semi-trailers of NYK Logistic and
Getko companies, and the semi-trailers are used as the
‘stock-on-wheels’ at the TPCA parking lot. TPCA then
handles with the semi-trailers and unloads them accord-
ing to their wishes.

Investa International, company dealing with textile
and leather machines, has one of the largest corporate
logistic centres with the area of 40000 m? in Kufim
near Brno. The Electro World Company owns another
large centre with the area of 28000 m? located in Brno
Modfice. This centre was finished in 2004 and it is used
by the company for fast distribution of goods not only
in the Czech Republic, but also in Hungary. The logistic
centre of Tescoma World covers about 16000 m? and it
was opened in 2004 as well.

The business chain logistic centres form a special
type of corporate logistic centres. The central warehouse
of Kaufland in Modletice near Prague ranks among the
largest business chain logistic and distribution centres.
Its area is 19 ha. A logistic centre in Klecan covering the
area of 12 ha is owned by Ahold Company, and it sup-
plies the Hypernova and Albert stores all over Bohemia.

Depending on the kind of goods, the warehouses
are designed to accommodate the kind of goods that
need to be handled, for example; cooled goods, fruit and
vegetables, meat products and non-disposable packages.
The employees can use modern handling equipment and
a high-quality computer system. There are other distri-
bution centres of Ahold in cities Olomouc and Ptibram,
however the Klecany centre is a logistic heart of this
company. There are also 7 ha warehouses in Lipnik nad
Bec¢vou and Jirny near Prague that are owned by REWE
(Penny Market Company), and Lidl company owns a
similar warehouse in Bystrovany near Olomouc. SPAR
chain-company has used outsourcing to solve its central
warehousing questions and co-operates with Excel logistic
company. SPAR currently operates 19 Interspar hypermar-
kets and its 8000 m? central warehouse in Prague Ruzyi
started operation in 2002. Its area was doubled by 2007
and a cooled warehouse was built in this period as well.
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2.1.2. Logistic centres of logistic companies

These are logistic centres operated by providers of lo-
gistic services that are available for special contracting
customers. The offered services consider the require-
ments of contracting partners adapting to their needs
and create new solutions to logistic services for them
that results in building extensive systems. The logistic
companies focus mostly on big-size customers. Some
smaller size companies may become contracting part-
ners as well, but they must guarantee a certain level of
the special logistic services used by them in order to
guarantee the service profitability. These logistic centres
are usually established by foreign logistic companies or
their branches at the production or consumption centres
near high-capacity thoroughfares.

As an example of a logistic company with its own
centres we can notice the RTR transport company that
has branch offices in Prague, Usti nad Labem and Liber-
ci, Weindel company in Jihlava, or CZECH - LOGISTIC
in Louny and Chomutov. One of the large providers in
logistic services that owns and operates own logistic
centres is M. Preymesser logistika, company Limited.
Its main customers come from automotive industry, and
they are represented by Skoda Auto joint-stock company
and its suppliers. The centres of the logistic company
are connected to the highway and railway networks in
Repov near Mlada Boleslav, centre with as much as 18 ha
land area and 220 employees, in Lipovec near Kvasiny,
centre with nearly 26 ha land area and 30 employees,
and in Ji¢in, centre with 4 ha land area and 160 employ-
ees (Kampf 2003).

2.1.3. Logistic Zones

There are more logistic companies providing their ser-
vices in logistic zones. Most of the property and build-
ing lessees are foreign companies, especially logistic and
retail operators. Czech companies represent only about
20+25% of all lessees. The following developers of logis-
tic parks and warehouses rank among the most impor-
tant ones in our country: Dutch companies CTP and
Grontmij Real Estate, Austrian company AHI group, Is-
raelis company Africa Israel Investments, US company
ProLogis, and Swedish company Skanska.

The largest Czech logistic zone founded in 2003 is
the Industrial and Logistic Centre in Lovosice, cover-
ing the area of 40 ha. The companies established here
are Tris company, a producer of carbon brushes for mo-
tors and generators, and Aoyama Seisakusho company,
dealing with car parts. Logistic park Rudna u Prahy,
whose area is 15 ha, ranks among the largest ones in
the Czech Republic. It originated from 1997, and there
are many companies established here, such as logistic
companies of Schenker company, O.T.E.C. International,
Danzas or Cechofracht, there is also a central warehouse
of the Czech Telecom, and the companies, such as First
International Computers, dealing in assembly and dis-
tribution of electric appliances, Zepter, a producer and
distributor of luxurious consumption goods, or Papirius
company, a distributor of office equipment and station-
ery. Papirius Company has also got other redistribution
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centres for example in Brno, Ostrava, Plzen etc. The Tu-
lipan Park Logistic centre in Prague-Hostivice covers an
area of about 8 ha and the main companies using its
services are Maersk Logistics and Cushman & Wakefield
Healey & Baker, dealing in international consulting ser-
vices and real estate services. ProLogis Park Prague (8
ha) opened in 2002, ranks among the greatest zones. It
is owned by ProLogis developer company and there are
represented various logistic and trade companies, such
as Danzas, Rossman and Bruhn Transport. As for other
logistic zones, we could mention Northpoint D8 Distri-
bution Park in Prague - Zdiby, which covers an area of
4 ha, or Brno - Slatina zone covering half of that area.

The above-mentioned Airport Logistic Park, that is
one of the first, is used by the dealers for distribution
of Mazda and Hyundai automotive spare parts. You can
find SETTO transport company there, a supplier of lo-
gistic services for Auto Palace Group (a sole importer of
Mazda and Hyundai cars). Within the last two year, CTP
logistic hall in Brno Modfice came into existence - its
premises are used by Nunner and Exel companies - as
well a logistic centre in Liberec - used by Benteler com-
pany (automotive equipment) and Baumatic (kitchen
electric appliances).

2.1.4. Logistic Networks Owned by Providers
of Courier, Express and Parcel Services

Logistic networks owned by providers are a special form
of logistic centres (Prusa, Babi¢ 2007; Prusa, Kampf
2007; Priisa 2008). These services are provided by large
and small specialized companies, or by companies pro-
viding transport, dispatching and storing services, and
also transport of single consignments and some other
logistic services offered by centres in the Prague region
as well as in other regions within the Czech Republic.
Apart from door-to-door road transport and air trans-
port, there is also railway transport available, namely the
CD Messenger, InterMessenger, and door-to-door trans-
port organized by CD (Czech Railways) in co-operation
with Cesky Kuryr, Company Limited - Direkt Expres.
Courier, express and parcel services are logistic services
aimed at small-size goods transport that changes in time
and at which the short time of delivery plays the crucial
role (Gasparik, Lendel 2010). These services prove in-
dispensable in trade - mail-order business and Internet
shopping through cell phones or television. The demand
for these services and their incorporation is increasing
in the logistic chains.

2.1.5. Logistic Centres for Web-Business Companies

Logistic centres of the Internet shops that offer cata-
logue sale of goods and that are able to deliver goods
to customers within three days became new during the
last few years. These centres are similar to the corporate
logistic centres that partly incorporate the features of
logistic centres owned by logistic companies. The com-
panies dealing with the Internet sale and that also have
their own logistic centres are, for example, Triangl or
EUROCOMM Group companies. Their sale assortment
is very wide, from household appliances, to sport equip-
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ment, IT technology, garden accessories, etc. The Inter-
net Mall Company represents a sort of sale gallery that
incorporates various Internet shops. The logistic centres
of these Internet shops came into existence quite lately,
mostly after 2004. There is the Internet sale logistic cen-
tre in the centre of Brno. Its area is 700 m?, it is used by
more shops, and it offers storing and packaging services.
The customers can also collect their goods in person. Of
course, there are similar logistic centres in Prague and
some smaller towns, such as Mlada Boleslav and Kutna
Hora.

2.2. Logistic Service Providers in the Czech Republic

Logistic services provided by Czech logistic service pro-
viders (Cempirek, Kampf 2005) are shown in Table 2.

This overview confirms the fact that the volume
of provided services has a distinct increasing tendency
such as Cross-Docking (transfer, separation and com-
bination of consignments), EDI between the providers
of logistic services and customers, just-in-time deliver-
ies, i.e. deliveries of the required quantity, precisely at a
specified time, and purchase logistic ensuring produc-
tion sub-deliveries.

2.3. Approaches to the Construction
of the Public Logistic Centre network

2.3.1. The Public Logistic Centres (PLC)

The PLC is a logistic centre — as understood in the Czech
Republic - with a multi-functional aspect where incor-
porated more than two modes of transport. The PLC
is established according to uniform regional principles
with the help of public budgets upon the call of applica-
tions, and there are many logistics companies provid-
ing a wide spectrum of logistic services to all regional
clients, including small-size and middle-size companies.
The logistic services are offered to all interested parties
without any restrictions.

PLC is a point designed for concentration of a wide
variety of logistic services including combined trans-
portation, and there should be a possibility to organ-
ize services through at least two transport modes (road,
railway, waterway, airway transport). Its foundation and

location is determined by the local sufficient produc-
tion or consumption availability, as well as by the best
possible connection to a high-capacity transport infra-
structure of various transport modes. The main public
target/contribution is maximizing the local logistic sup-
port and minimizing the adverse factors resulting the
increased road transport that are hazardous to environ-
ment and public health.

Arising and development of these centres is impos-
sible without uniform regional principles and chances to
get subsidies from the state and public budgets, includ-
ing the EU budgets.

PLC should be built in co-operation with the public
and private sectors. This can guarantee fair availability of
the PLC provided services to all relevant subjects, and
this should also guarantee the maximum positive affect
of PLC to the whole society.

2.3.2. Financing of PLC construction

Some contribution coming from the public resources
in the form of tax-deductible expenses (see item A), is
necessary in order to support construction of logistic
centres in the Czech Republic.
Financing of PLC (Fig. 1) must come from more
sources, such as:
1. public financial means (state budget, regional and
municipal budgets):
o expenses associated with land purchase;
o construction of service network, power supply;
o access roads to the state highway, railway and wa-
terway network;
« supplementary roads for technological work as-
sociated with the transport modes - sidings, etc.;
« interconnection of information and control sys-
tems;
o support in purchase of personal and freight
means of transport;
» waste management (recycling, disposal);
o necessary transfer of service network, waterways,
etc,;
o environmental friendly measures (noise absorp-
tion walls, retention cesspools, ...);

Table 2. Logistic services provided by Czech logistic service providers

Provided services

Number of logistics companies providing this kind of services

Storage

89 % of all companies with total surface area of 860000 m?

Consignment assembly

76.3 % of all companies in 85.3 % of all stock premises

Packaging of goods

82.8 % of all companies in 92.6 % of all stock premises

Consolidation of goods

77.6 % of all companies in 86.7 % of all stock premises

Cross-Docking

59.2 % of all companies in 66.2 % of all stock premises

Electronic Data Collection; EDC

53.9 % of all companies are equipped with auto-identification

Electronic Data Interchange; EDI

48.7 % of all logistic companies

Consulting

73.6 % of all logistic companies

Just-In-Time

44.7 % of all logistic companies

Combined/Multi-Modal Transport

2.5 % of all transport volume, used by 43.3 % of all logistic companies
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POSSIBLE SCENARIOS

Zero variant: State variant: PPP variant:

— Support of mostly — Decision on the form — State decision
developers' activities, of financing of PLCs, on location

— Orientation at light — Orientation at (international/regional
industrial zones, multi-modal significance),

— None or minimum logistic centres, — Processing of
transport modality. — Support of a change economic analyses,

— Announcement of
international tenders,

in the output modality,
— Support of logistics

in small-size — Project realization.
and middle-size
companies.
N J
Y
MIXED STRATEGY

Fig. 1. Strategies of PLC financing

2. private financial means:

« construction of facilities, including technological
equipment;

« information systems;

« supplementary bank services and the claim sys-
tem;

» associated services;

3. the EU financial means:

o grant in the form of a public contribution that
could be calculated according to the total tax-de-
ductible investment costs of the project. It should
not exceed 46+50% of the tax-deductible invest-
ment costs of the project. The public contribu-
tion towards purchase of services could amount
as much as 50% of the respective tax-deductible
expenses.

The subsidies always relate to the benefits resulting
from creation of new, long-term and stable work posi-
tions in the field of manufacturing industry with a high
added value that strengthen co-operation between the
companies and stimulates the export of local products.
It should be noted that the use of PPP projects in the
Czech Republic has received strong support from Mar-
tin Janecek, from the Ministry of Transport. He stated
that ‘One of the quickest ways to unlock a region’s eco-
nomic potential is to improve its transport infrastruc-
ture and develop better trading links with other areas’
(Janecek 2010).

3. Draft of a Multi-Criterion Model

The importance of the geographical dimension in lo-
gistics has long been recognized by academics (Hesse,
Rodrigue 2004). This importance has not always been
reflected in government’s policy or action. For instance,
at present neither the state bodies nor self-governing
bodies in the Czech Republic coordinate or stimulate the
construction of logistic centres. No general organization
coordinating the location of logistic centres and taking
care of them exists.

This section presents a draft method of a PLC loca-
tion, considering the recommendations of the currently
introduced projects ‘Draft Methods of Index Benchmark-
ing for Logistic Centres’ and “The Allocation of the Pub-
lic Logistics Centres, at which the authors participate.
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The aim of the proposed method is to enable the
responsible persons to decide a suitable PLC location.
The procedure consists in the following steps:

o determination of a set of criteria;

o determination of the criteria affects that express-
es the different criteria importance within the
whole project;

« selection of the optimum variant of PLC loca-
tions.

3.1. Determination of a Set of Criteria

To evaluate each particular variant of a PLC location,
we need to specify the evaluation criteria at first. It is
necessary to choose the criteria that can be detachedly
measured, so that they can correspond to the real situa-
tion as much as possible. After some consideration, the
most important criteria having the substantial affect to
an independent evaluation and judgment of the projects
have been chosen.

All criteria can be divided into two basic groups.
One group consists of the criteria showing the total price
of connection to different mode of transport. They are
the criteria oriented at the costs. The other group con-
sists of functional criteria that are supposed to reflect
operational aspects, i.e. the criteria that consider the
regional economic strength and that guarantee the use
and operation of the regional logistic centre up to some
extent. The Table 3 shows the definition and importance
of each individual criterion.

To determine the priorities, we used the expert
opinions resulting from the generally known situation,
definition of a logistic centre, national logistic concept,
and interim results of the projects ‘Draft Methods of
Index Benchmarking for Logistic Centres’ and “The Al-
location of the Public Logistics Centres.

The investment costs of possible connection to vari-
ous transport modes, shown in Table 3, are used only for
reader’s orientation and for demonstration of the model
purposefulness. Number of inhabitants and GNP value
represent real figures in the following regions: Pardu-
bice, Central Bohemia, South Moravia, Moravia-Silesia.

3.2. Determination of the Criteria Weight

Estimation Method for Weight
Criteria — Saaty Method

To determinate the weight criteria, the authors used the
Saaty method, whose principle consists in the fact that it
is not always possible to determine precisely the weight
criteria, so that the comparison method has to be used,
i.e. the weight of individual criteria needs to be mutu-
ally compared. The individual criteria are compared with
each other. As a result we get the numerical weight of
individual criteria.

The Saaty method enables the referees to express
their preferences both in numerical value and verbally,
which is an advantage of this method.

The input is so-called Saaty matrix (formula 3.2.1)
where the individual components represent the ratios of
the given criteria (formula 3.2.2).
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Table 3. Draft evaluation criteria

Criterion number Criterion Priority Unit VLC1 VLC2 VLC3 VLC4
Price for connection to:
1 Motorway PHW 1 mil. CZK 13 8 30 180
2 Highway - st class PR1 3 mil. CZK 2 7 90 3
3 Highway - 2nd class PR2 3 mil. CZK 9 6 11 8
4 National railway PRALI 1 mil. CZK 320 160 9 19
5 Regional railway PRA2 4 mil. CZK 90 40 7 11
6 Airport PAIR 3 mil. CZK 1800 30 1800 1800
7 Waterway PWA 4 mil. CZK 20 3000 8000 90
Regional characteristics
Number
8 Number of inhabitants NNI 5 of inhabitants ~ 0.506 1.166 1.13 1.249
(million)
9 GNP value GDP 1 mil. CZK 130295 331990 323533 337926
Matrix example: vi==l 0 =12 k. (3.2.4)
103 3 1 4 3 4 5 1] 2
i=1
1/3 1 1 1/3 4/3 1 4/3 5/3 1/3 " 11 1 . .
e calculation of the matrix characteristic vector
/3 1 L 1/3 4/3 1 473 5/3 173 represents a certain simplification, although it is a ‘good
3 3 1 4 3 4 5 1 estimate’ It is also possible that one might set in counter
S=|1/4 3/4 3/4 1/4 1 3/4 1 5/4 1/4]| criteria, which leads to non-consistent results (Jablonsky
2002):
Aoy — K
1/3 1 1 1/3 4/3 1 4/3 5/3 1/3 o1 tmas K (3.2.5)
1/4 3/4 3/4 1/4 1 3/4 1 5/4 1/4 k-1
1/5 3/5 3/5 1/5 4/5 3/5 4/5 1 1/5 ’ As more accurate r'esults are required for the weight
criteria estimation, various alternatives have been con-
L33 434 s 1 sidered. These included the use of “Trade-Off” analysis

(3.2.1)

That means there are only ‘1S’ down the main di-
agonal and the following relation applies s;; = 1/s;;, i, j =
1,2, ..., k, i.e. all elements are reciprocal values of sym-
metric elements according to the main diagonal (Jablon-
sky 2002):
sim iy i j=12, k.

)
Vi

The proper calculation of absolute weights out
of from these relative weights is a complicated matter
(Jablonsky 2002). Saaty, for example, proposed the cal-
culation of the a characteristic vector corresponding to
the maximum value of the matrix (Jablonsky 2002):

(3.2.3)

(3.2.2)

SV=Npax V-

This characteristic vector represents the solution.
As it was mentioned previously, this approach of a
characteristic vector calculation (formula 3.2.3) is not a
trivial task, therefore Saaty proposes the following sim-
plification (Jablonsky 2002):

%

5 Lj=12, ., k;

k
v, = Hsij
j=1

(Johnson 1976) based on the premise that all decisions
are determined by some kind of compromise, for ex-
ample, when buying a house one may choose to sacri-
fice size for location or location for size. Therefore, it is
important to find the relative weighting which will give
the most attributes their appropriate significance. After
considering various options, the authors recommend the
use of the Saaty approach, but supplementing this by
verifying the calculations with the Monte Carlo method.

The base still lays in the Saaty method (formula
3.2.4). The main idea of the Monte Carlo approach is
that in the algorithm we generate a ‘random fluctuation’
around the results obtained by the Saaty method (Fa-
bian, Kluiber 1998). Next, the program has to analyze
whether this random number is better than the Saaty
value. For this we compare the ‘optimum solution, i.e.
zero variation, with the random number. In this case
it is not possible to obtain such an optimum result and
the results are inconsistent (formula 3.2.5), so the result
with the smallest variation is chosen. And of course, the
closer the value is to zero, the better this result is.

The higher the number of iterations, the more precise
the calculations are (the difference approached to zero).

The Monte Carlo method is the valuable aid in case
the referee did not set the ratios of the individual crite-
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POCITAT Saatyho metoda: 0.2128, 0.0709, 0.0709, 0.2128, 0.0532, 0.0709, 0.0532, 0.0426, 0.2128
odchylka:  0.000000
Monte Carlo:
odchylka:

presnost
b

0.2128, 0.0709, 0.0708, 0.2128, 0.0532, 0.0703, 0.0532, 0.0426, 0.2128
0.000000

2 la |4 ‘5 |s |7 Ia Is |

T 3 2 1 |4 [3 [& |5

2 e 1 1 s ws 1 (43 53 18
B [z [1n [1 [ (a5 |1 |4z |53 13
e [in [sn [an |1 4 3 [« 5 |1

5 [/ |34 |34 |14 1 (a4 |1 |54 |1/
6 [is [1n 1A [z | |1 3 53 |13
7 [ (3 |34 14 i s |1 514 174
8 |15 |35 (a5 15 45 3 (45 1 |15
[a 11 [3n [3n [ jan an [an 5 |1

Saatyho metoda versus Monte Carlo
Ing. Rudolf Kampf

O programu

Fig. 2. Simulation of the Saaty method versus
Monte Carlo method

ria correctly and, therefore obtains inconsistent results
(formula 3.2.5).

Fig. 2 shows the simulated solution of the weight
criteria as specified in Table 3 with the use of software
programme created by the authors as a part of the solved
projects (Kampf 2003).

The calculated (absolute) weight of individual cri-
teria with the use of the Saaty method and Monte Carlo
method will be used in the so-called multi-criterion
evaluation method WSA (Weighted Sum Approach).

3.3. Selection of the Optimum PLC Location — Multi-
Criterion Determination

Method of the Weighted Sum Approach

In real decision making situations it is often necessary to
consider several optimum decision affecting criteria (see
Table 3). We have specified their weights with the Satty
and Monte Carlo methods (Fig. 2). These criteria usually
contradict with each other, i.e. the variant that is highly
evaluated according to one criterion is not welcome ac-
cording to another one. The analysis of multi-criterion
decision taking solution consists in the solution of mu-
tually contradictive criteria. The actual aim is a choice
of one variant that forms the basis for the final decision.

Hodnoceni variant - [0:\Prusa_Lejskova\projekti.vpr]
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The weighted sum approach method is often men-
tioned as the WSA method. This method is based on
creation of the linear utility function with the limit val-
ues of 0 and 1. The worst variant according to a par-
ticular criterion results in the utility value 0, while the
best variant results in 1. Other variant results are in the
values between 0 and 1. Therefore, when applying this
method, it is necessary to replace the y;; elements of the
input criterion matrix with y'; values that are going to
represent the benefit of X; variant evaluated according
to Y; criteria. Values y';; for the maximum criteria can be
calculated with the following formula (Jablonsky 2001):
Vi ~D;
H;=D;
where: D. is the lowest value (the worst one in case of
maximization); H; is the highest value (the best one in
case of maximization) of the Y; criterion. This formula
obviously results in 0 in case of the worst criterion value
»'ij = D;, whereas in case of the best criterion value y;; =
H; the result equals 1. In case of minimization, the for-
mula needs to be adapted, as follows (Jablonsky 2001):
Hi=;
H;=D;

Vi = (3.3.1)

y,-'j = (3.3.2)

The total benefit of X; variant can then be calculat-
ed as the weighted sum of the partial benefits according
to each criterion (Jablonsky 2001):

k
u(Xi):Z{vjyij.
=

The variants can then be arranged according to the
decreasing utility values (X)).

The mentioned evaluation method can be used
in the process of selection of the most suitable variant,
considering the existing criteria (Table 3) and their cal-
culated weights (Fig. 2). The criteria (Table 3) specified
in the column ‘Price for the connection to..; i.e. criteria
numbers 1+7 shall be minimized and the criteria in the
part ‘Regional characteristics, i.e. criteria numbers 8+9
shall be maximized.

The choice of the most suitable variant of PLC lo-
cation according to the particular regions (Pardubice,
Central Bohemia, South Moravia, Moravia-Silesia) is
shown in Fig. 3.

(3.3.3)

I [ 3
=181

D x| #E=e o

Tabulka l Poznémkyl ﬁ Graf kritélil’l ﬁ Graf variantl
o

=] N Kritérium 1 [ritérium 2 [keitérium 3 [Kritérium 4 [Keitérium 5 [Keitérum 6 [keitérium 7 [kitérm 8 [Kritérium 9 [usitek

“Hyahy 0,21  %0,07 %/0,07 %/0,21 %/0,05 %4(0,07 (005 ‘|o04 #0221 H
Varianta 1 13 2 9 320 90 1800 20 0,506 130295 0,36
Varianta 4 180 3 8 19 1 1800 a0 1,248 337926 0,68
Varianta 3 30 a0 1 9 7 1800 323533 0,69
Varianta 2 8 7 6 160 40 30 331900 0,34

Fig. 3. WSA Simulation methods
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4. Conclusions

The WSA method (Weighted Sum Approach) which is
one of the multi-criterion methods of the project evalu-
ation, proceeding from the Saaty method, has been
chosen for the practical part. The Saaty method de-
termined the weight value of each individual criterion
and it (Saaty method) was verified by the experimental
numerical method Monte Carlo. The WSA method was
consequently used for evaluation of the PLC projects
considering all individual criteria.

The model example led to the following results
(Fig. 4). Regarding the highest value of the linear benefit
function, Variant 2 proves to be the best one. It indi-
cates the PLC location in Central Bohemia. Other vari-
ants indicate the following positions: Variant 3 - South
Moravian region, Variant 4 — Moravian-Silesian region
and Variant 1 - PLC location in the Pardubice region.

> Hodnoceni variant - [D:\Data\pepr0231\Dokumenty\projekt1vpr] (o
4y Soubor Upravy Nastroje Nastaveni Okno Népovéda =151
EEEEEREEEE]

Tabuka | (2] Poznémky | b Graf kitéi {5

078 0 0,45 Varianta 4|

B 0,47 Varianta 3
061 Varianta 1
M 0,78 Varianta 2|

Varianta 2.

Fig. 4. Evaluation of individual variants

In simulation the authors used the available statis-
tic data. Development in the Moravian-Silesian region
will have to be monitored in the future, considering the
Hyundai automotive plant that has just been built. With
regards to the nascent production of the Hyundai plant
and its co-operation with the Kia automotive plant (the
Slovak Republic), that is only 70 km away, some chang-
es in the regional economic and social parameters can
be expected, as well as rapid increase in the transport
requirements. It is very likeable that the results in the
evaluated variants of the PLC location will be changed
pursuant to the change of these parameters.

Note

The article is published within the solution of the re-
search proposal VZ-MSM 0021627505 “Transport sys-
tems theory’
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