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1 UVOD

Met6dy multikriteridlneho hodnotenia
aaj pomerovo — indexovd metéda su
zalozené na expertnom pristupe. T.j.
hlavné premenné pre ich vypocet st vahy
kritérii W; a hodnotenia Hk; pre jednotlivé
kritéria a varianty, v naSom pripade mame
modely financovania.

76

1 INTRODUCTION

Both the methods of multi-criteria
evaluation and the ratio and index-based
method are based on an expert approach.
This means that the main variables for their
calculation are W; criteria weights and Hg;
evaluation for individual criteria and
alternatives.
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Tieto sa aplikujui na jednotlivé tseky
logistickych stavieb.

Zvycajne aj vahy W;, aj hodnotenia
kritérii  Hg; sa uréuju expertnym
sposobom. Pri hodnoteni logistickych sieti
aich usekov vSak hodnoty kritérii maju
realne hodnoty a pre jednotlivé tseky su
rozne, napr. Intenzita dopravy moze byt X
na useku 1 a X na useku k.

Druhym problémom je to, ze reélne
hodnoty jednotlivych kritérii st v roznych
rozpatiach, napr. K; ¢ <HDK,;, HHK> ,
a kritérium K3 e <HDK3, HHK3>. Ak by sa
tieto hodnoty kritérii nasobili vahami,
nastala by situdcia neporovnatelnosti
kritéria, napr. K; e <0,8> akK; e <1296,
65650> , tym padom by kritérium K3 malo
do celkového vypoctu niekolkonasobne
vacsi vplyv. Preto je potrebné realne
hodnoty kritérii RHK; pretransformovat
do rovnakého intervalu, ¢o v pomerovo
indexovej metdde je rozpitie kardinalne)
miery, napr. <l, 10>. To znamend, Zze
pouzitie pomerovo indexovej metody pre
hodnotenie tsekov logistickych sieti, napr.
dialnic je rozdielne oproti vSeobecnym
podmienkam aplikacie tejto metoddy v tom,
7e:

a) realne hodnoty kritérii RHK; pre
jednotlivé varianty sa neodhaduju
expertnym spdsobom, ale odvodia sa
od redlnych hodnot kritérii

b) redlne hodnoty kritérii je potrebné
pretransformovat — normovat do
rovnakého rozpdtia — Skaly
hodnotenia, tzv. kardinalnej miery
<DHKM, HHKM>., kde: DHKM -
dolnd hranica kardinalnej miery,
HHKM - hornd hranica kardinalnej
miery

¢) urcit pre kazda redlnu hodnotu kritéria
i jeho hodnotenie HK; v rozpiti
kardinalnej miery, napr. <1;10>
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These are applied on individual

sections of logistic structures.

Both W; weights and Hg; evaluations
are usually based on an expert approach.
When evaluating logistics networks and
their sections the criteria have actual
values and these vary from one section to
another, e.g. transport rate can be X; for
section No. 1 and Xy for section No. k.

Another issue is represented by the
fact that the actual values of individual
criteria are in different ranges, e.g. K; e
<HDK,, HHK;>, andK; criterion e
<HDKj3;, HHK3;>. If such values were
multiplied by weights, the criteria would
no longer be comparable, e.g. K, ¢ <0,8>
and K3 e <1296, 65650>. Thus Kj; criterion
would have several times bigger influence
on the total calculation. Therefore it is
necessary to transform the actual values of
RHK; criteria so that they would have the
same interval. As regards the ratio and
index-based method this range of cardinal
measure is for example <1, 10>. The above
mentioned tells us that the application of
the ratio and index-based method for
evaluation of logistic network section e.g.
highways varies from general conditions of
this method application as follows:

a) The actual values of RHK; criteria for
individual  alternatives are  not
estimated using an expert approach.
Instead, these are derived from criteria
actual values;

b) Criteria actual values are to be
transformed - standardized by applying
a common range - scale of evaluation,
i.e. by applying a cardinal measure
<DHKM, HHKM>., where:
DHKM - Cardinal Measure Lower
Limit; HHKM - Cardinal Measure
Upper Limit;

¢) For each actual value of a criterion its
HK; evaluation/score shall be defined
in a cardinal measure range, e.g.
<f=110>:
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d) ur¢it vahy kritérii Wp; a Wg;, kde:
Wp — vaha kritéria pre vystavbu, Wy —
véha kritéria pre model financovania

Pre jednotlivé modely financovania
maju kritéria réznu dolezitost’ a vyznam.
Napr. pre Statny rozpocet st vhodné tseky
s nizkou intenzitou dopravy, pretoZe ani
sukromny kapital, ani eurdopske fondy
nemaju zaujem o vstup tam, kde je nizky
dopyt. Naopak pre useky s vysokou
intenzitou dopravy s moznost'ou rychlej
vystavby maji zdujem investori v ramci
PPP projektov. Tento vztah vyjadrime
véhou variantu, véhou kritéria pre
prislusny model — variant financovania —
Wix.  Preto vysledna vaha v tabulke
multikriteridlneho rozhodovania vznikne
ako sucin WDi * Wi,k

Z tohto ddévodu je vyhodné mat
obidve vahy v intervale <0, 1>. Aj vahu
Whpi a W je vSak potrebné normovat’.

2 NAVRH A POPIS METODY

DVOJROZMERNEHO
MULTIKRITERIALNEHO
ROZHODOVANIA

Hodnotené kritérid sa vyznacuju

svojou rdéznorodostou, no su
najdolezitej$imi prvkami pri rozhodovani o
vybere sposobu financovania logistickych
sieti.

Prvym krokom pri ich hodnoteni je
expertné urCenie vah kritérii, ktoré
ururcuje dolezitost’ z hl'adiska vystavby pre
Stat. Podstatou tohto urcenia je vytvorenie
timu 'udi — expertov v danej oblasti, ktori
nezavisle subjektivne ohodnotia
percentudlne jednotlivé kritéria. Nasledne
sa aritmetickym priemerom zich
hodnoteni uréi kone¢na hodnota kritéria —
tzv. vaha Wp;.
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d) Wp; and Wk;, criteria weights shall be
defined, where: Wp - Weight of
Construction Criterion, Wx — Weight of
Funding Model Criterion

Criteria can be of different importance
and relevance for individual funding
models For instance for the state budget
the sections with low transport rate are
suitable since neither private sector nor
European fund holders are interested in
investing in the points of low demand. As
regards the sections with high transport
rate offering opportunities for fast
construction these are interesting for PPP
project investors. This relationship can be
expressed by a weight of an alternative, by
weight of a criterion for the relevant model
- funding alternative - Wix. That is the
reason why the final weight of the multi-
criteria decision making table is the result
of Wp; + Wik multiplication.

Based on the above mentioned it is
appropriate to keep both weights in the <0,
1> interval. Both weights, i.e. Wp; a W; |
however, shall be standardized.

2 PROPOSAL AND DESCRIPTION

OF A  TWO-DIMENSIONAL
MULTI-CRITERIA DECISION
MAKING METHOD

Even though the evaluated criteria are
heterogeneous they represent the most
important elements in decision making
process focusing on selection of a logistic
network funding method.

The first step to be taken when
evaluating is an expert specification of
weights of criteria, by which the national
significance of a construction project is
determined. This specification is to create a
team of people - experts in the field given,
who give percentage, subjectively and
independently, to each individual criterion.
Subsequently, an arithmetical average is
calculated  from  their  evaluations
representing a final value of a criterion
given - i.e. Wp; weight.
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Priklad:

Intenzita dopravy: 0,2 + 0,15 + 0,07 + 0,1
+ 0,18 + 0,2 + 0,09+ 0,25=124/8 =
0,155

Vysledok: vaha Wp; = 0,155

,.Je vyhodné, ak stcet vah Wp; vybranych
faktorov bude rovny 1, pretoze faktory
nemaju len individudlne vahy Wp;, ale aj
pomer véh Wp; / Wpy, a ten udava pomer
dolezitosti, ktory davame jednotlivym
faktorom*[1]

Ak sa suma vah XWp; nerovna 1,
potom vahy normalizujeme.

Logistickd siet je rozdelend na
prirodzené tuseky vystavby, ktoré v tomto
pripade predstavuju jednotlivé Casti dial'nic
D1, D2, D3, D4. Kazdy ma rozne kritéria,
preto je potrebnd osobitna tabulka pre
kazdy z tychto usekov pre multikriterialne
rozhodovanie.

Druhym krokom je hodnotenie
kritérii pre kazdy variant modelu
financovania, pricom vtomto pripade

uvazujeme o tychto moznostiach:

VAR 1= §tatny rozpocet

VAR 2= PPP — spolupraca sukromného
a verejného sektora

VAR 3= Eurépske fondy

VAR 4= Cudzie zdroje (zvacSa pozicky
EIB)

VAR 5= Prijmy zpouzivania existujlcej
infrastruktary

Rozpitie hodnotenia o ktorom uvazujeme
nazyvame kardinalnou mierou Hy;, kde je
potrebné urcit’:

DH — minimalnu hodnotu ohodnotenia,
HH — maximalnu hodnotu ohodnotenia.

Najlepsie by bolo uvazovat’ o rozpiti <1 do
10>, alebo <1 do 100>. Prirodzené rozpitie
hodnotenia jednotlivych kritérii  je
v kazdom pripade iné.
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Example:

Transport rate: 0.2 + 0.15 + 0.07 + 0.1 +
0.18+0.2+0.09+0.25=1.24/8=0.155
Result: Wp; weight = 0.155

“It would be appropriate, if the sum of Wp;
weights of selected factors equalled 1,
since the factors do not have only
individual Wp; weights but also Wp; / Wpn,
weight ratios. This ratios define degrees of
significance, which are assigned to
individual factors” [1]

If the ZWp; sum of weights does not
equal 1, then the weights are to be
standardized.

The logistic network is divided into
natural sections of construction, which are,
in this case, represented by individual
sections of highways, namely D1, D2, D3,
D4. Each of them has different criteria and
that is why separate tables for each of these
sections are to be prepared for multi-
criteria decision making purposes.

The second step to be taken is to
evaluate criteria for each alternative of a
funding model, in case of which the
following alternatives are considered:

VAR 1= state budget

VAR 2= PPP — cooperation of the private
and the public sector

VAR 3= European funds

VAR 4= External sources (mainly loans
granted by the EIB)

VAR 5= Revenues from the use of existing
infrastructure

The evaluation range that is considered is
called Hk; cardinal measure, in the case of
which following is to be specified:

DH - Minimum evaluation value/score
HH — Maximum evaluation value/score

It would be the best to consider the <1 do
10> or <1 to 100> range. The natural range
of evaluation of individual criteria varies
from case to case.
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Kardindlna miera, t.j. rozpitie hodnotenia
ur¢uje stupen citlivosti hodnotenia. Prave
preto je potrebné realne hodnoty kritérii
pretransformovat’ do  kardinalnej miery,

najma kvoli porovnatelnosti
a vypocitatelnosti do vysledného
hodnotenia.

Ohodnotenie Hg; pre jednotlivé tseky je
tieZ vhodné vykonat’ expertnym sposobom.
Z tychto hodnét je potrebné vypocitat
pomocou  tabulky  nasobenim  vah
a hodnoteni v rozmedzi kardinalnej miery
index ktory si ozna¢ime Hyy (hodnota
modelu financovania , kde K predstavuje
model financovania).

Hvk —_— :IWi.HKi

Problém rieSime ako maximalizaény, t. j.
¢im je vidcsia vaha W; a hodnotenie HKi,
tym ma faktor vdcSiu dolezitost pri
hodnoteni.

Optimalny variant = M3X i { Hvy}

V  konkrétnom pripadoch, ktoré
rieS§ime, musime  pouzit  metodu
multikriteridlneho  rozhodovania  ako
dvojstupriovi metédu. Vzhl'adom na rdzne
realne hodnoty kritérii, ktoré vyplyvaju zo
Statistik a rozpdtia ich hodnot musime ich
kvoli porovnatelnosti ich vplyvu na
celkovy vysledok, tj. vyber metody
financovania, pretransformovat’ do
rovnakého rozpitia — kardindlnej miery.
A az v druhom kroku urobit’ ohodnotenie
Hki. Tymto postupom by sa mala potvrdit’
spravnost’ vyberu modelu financovania na
konkrétnych tsekoch a rovnako by mohla
byt aplikovatel'na na useky v priprave, kde
je rozporuplné pouzitie toho ktorého
sposobu financovania .

Realna hodnota kritéria:
RHk; < HDx; ; HRk; >

2
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The cardinal measure, i.e. the evaluation
range defines a degree of evaluation
response. That is why it is required to
transform the actual values of criteria into
cardinal measures, mainly in order to
compare and calculate the final evaluation.
The Hg; evaluation for individual sections
can also be carried out using an expert
approach.

From the above values an index designated
as Hyy (a value of a funding model, where
K stands for the funding model itself) shall
be calculated using a table, ie. by
multiplying weights and evaluations in the
range of the cardinal measure.

K=1,2345 ,m=8

The issue is solved as a maximizing one
i.e. the bigger W; weight and HKi
evaluation/score, the greater importance of
the factor in terms of evaluation.

Optimum alternative = ™2X ¥ { Hyy}

In individual cases that are being dealt
with, a method of multi-criteria decision
making shall have a form of a two-stage
method. Considering different actual
values of criteria found out from statistics
and a range of their values the criteria had
to be transformed into a common range -
i.e. cardinal measure, in order to make
them comparable in terms of their
influence on the final result i.e. selection of
a funding method. Only at the second stage
the Hk; evaluation will be performed. By
this procedure correctness of the selected
funding model at individual sections
should be confirmed and at the same it
could be applicable to individual sections
under preparation, where it is questionable,
which funding method to use.

Actual criterion value:

RHk; < HDg; ; HRg; >
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3 TRANSFORMACIA REALNYCH

HODNOT  FAKTOROV DO
ROZPATIA KARDINALNEJ
MIERY

Realna hodnota kritéria RHK; e

<DRHK;, HRHK; > kde: DRHK; — dolna
minimalna hodnota kritéria ,,i*, HRHK; —
horna maximalna hodnota kritéria ,,i*.

Kardinalna miera je v rozpiti KM e
<DKM, HKM> napr. v intervale <1, 10>

3 TRANSFORMATION OF ACTUAL
VALUES OF FACTORS INTO A
CARDINAL MEASURE RANGE

An actual value of the RHK; e
<DRHK;, HRHK; > criterion, where:
DRHK; — Lower, minimum value of the “1”
criterion; HRHK; — Upper, maximum value
of the “i” criterion;

The cardinal measure is in the KM e
<DKM, HKM> range, e.g. in the <l,
10> interval.

1

%4*0”80101

Obr.1 Transformacia readlnych hodnét faktorov RHKi do rozpdtia kardinalnej miery
Fig 1 Transformation of actual values of RHKi factors into a cardinal measure range

Vypocet realizujeme na zaklade vztahu :

HRHK;-DRHK;

(1)
HKM,

kde:

VYPJED; = vypocitand hodnota jednotky

kritéria K;

Na zdklade tohto vztahu vypocitame
stupnicu — tabulku pre transformaciu —
normovanie kritéria i.

Medza MRHK; je hodnota, do ktorej eSte
priradime k realnej hodnote RHK;
prislusni  hodnotu kardindlnej miery.
Hodnotu RHK; vypocitame:

RHK;=KM x VYPJED;

KM e<1,10>
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The calculation is carried out based
on the following relationship:
HRHK-DRHK;
VYPJED; = (1)
HKM,;
where:
VYPJED; = Calculated value of a unit of

the K; criterion

On the basis of this relationship a scale, i.e.

a table for transformation or
standardization of the “i” criterion is
calculated.

The MRHK; margin is a value represented
by a sum of the actual RHK; value and the
relevant cardinal measure. The RHK; value
is calculated as follows:

RHK;= KM x VYPJED;

KMe<1,10>
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Tab. 1 Tabulka pre transformdciu, resp. normovanie kritéria i

l HODNOTA KARDINALNEJ MIERY | MEDZA MRHK; KRITERIA |

1 1 x VYPJED;
2 2x VYPJED;
HKM HKM*VYPJED,

Tab. 1 Table for “I” criterion transformation or standardization

| CARDINAL MEASURE VALUE I MRHK; CRITERION MARGIN |

74 1 x VYPJED,;
2 2 x VYPJED;
HKM HKM*VYPJED;

Vypodet HK;

Ak hodnota reédlneho kritéria RHK; je
Vv rozpiti
(HKM*VYPJED;;
=HKi= HKM+H (2),
potom hodnotenie kritéria HK; pre dany
variant / Gisek / bude HK;=HKM + 1.

(HKM+1*VYPJED>

Na zéklade realnej RHK; pre variant j (pre
jednotlivé useky) predchadzajucej tabul'ky
avztahu (2) ur¢ime hodnoty HKjj pre
jednotlivé useky j.

HK; calculation
If the value of the actual RHK; falls in the

range of
(HKM*VYPJED;;
=>HKi= HKM+H (2),
then HK; criteria evaluation/score for an
alternative/section given will be HK; =
HKM + 1.

On the basis of an actual RHK; for a "
alternative (for individual sections) of the
previous table and on the basis of the (2)
relationship, HK; values for individual *j”
sections will be defined.

(HKM+1*VYPIJED;>

Tab. 2 Urcenie hodnot faktorov pre jednotlivé useky

USEK J RHK ;, HK 14
Nazov useku 1 RHK; HK ;;
Nazov useku 2 RHK ;> HK ;>
Nazov useku n RHK ;, HK ;,

Indexy : i— kritérii, j — usekov, k — variant financovania

Tab. 2 Specification of factor values for individual sections

“J” SECTION RHK 1, HK 1;
Name of section No. 1 RHK; HK ;,;
Name of section No. 2 RHK ;> HK ;>
Name of section No. n RHK ;, HK ;,

Indexes: i— criteria, j — sections, k — funding alternative
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Tab. 3 Hodnotenie modelov financovania
éKEtiéri Wi Statny rozpocet | PPP eurdpske fondy cudzie zdroje g:ir;z i i

Wi, | HKi,; | Wi HK;, Wis HK; ; Wi4 HK; 4 Wis | HKis

K1 Wpi Wi, HK, Wi, HK W3 HK, ; Wi, HK | 4 W;s | HK;
K2 Wp, Wy, HK,, W,, HK ,, W5 HK, 3 W, HK ;4 Wys | HK;s
K3 Wps Wi, HKj; W, HK ;, Wi, HKj;; Wi, HK 5 4 Wis | HK;5
K4 Woe oW R W - | B Ws - By Sl PR Was | HKqs
K5 Wps Ws, HKs Ws, HK s, Wi HKSs 5 Ws, HK 54 Wss | HKss
K6 Wbe W HKg Ws.2 HK ¢, W3 HK 3 We.a HK 64 Wes | HKgs
K7 Wps W, HK; W, HK 7, W5 HK; 5 W, HK ;4 W;s | HK;s
K8 Wps Wg, HKg Ws ., HK g, Ws 5 HKj ; Wi 4 HK g4 Wss | HKgs

Tab. 3 Funding model evaluation

Cri-
teria K;

Whi

State budget

PPP

European funds

External sources

Use revenues

K1 Wor |[Win |HKy, |Wi, |HK,, |Wi |HKy; |Wie |[HKis |Wis |HKgs
K2 Wp, | W2, HK,, | Wi, HK,, | Wa;s HK,3 | W4 HK ;4 Wys | HKys
K3 Wps | W3, HK;, | Wi, HK;, | Ws; HK3; | Waq HK 34 Wss | HKj;s
K4 Wpa | Wy HKy; | Wi HK, 2 W3 HK43 | Wags HK 44 Wys | HKys
K5 Wps W) HKs; | Wsa HKs, | Ws; HKs3 | Wsgq HK 54 Wss | HKs;s
K6 Wps | We, HKg; | We2 HK 4> We.3 HK¢3 | Wea HK ¢4 Wes HKg s
K7 Wp7 | Wy, HK;, | W HK 7, W3 HK;3 | Wogq HK 74 Wis | HKys
K8 Wps | Wg HKg, | Ws; HK g, Ws 3 HKg; | Ws4 HK g4 Wss HKg s
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HV1 = Zi HKi 5 WDi. WV]
HVK = Zi HKi s WDi ’ WVK
Optimalny variant pre tusek j je max

{EVKE -~ "k=123.45

4 ZAVER

Predchéadzajuci model metody
multikriterialneho rozhodovania  bol

spracovany pre vyber metddy financovania
logistickych sieti, najmd pre vystavbu
usekov dialnic v Slovenskej republike.
Tento model je vSak univerzalny aje ho
mozné aplikovat’ pre vyber varianty
rieSenia — rozhodnutia pre oblasti, kde
hodnoty jednotlivych faktorov nie je
potrebné odhadnit’ expertnym spdsobom
ale vyplyvaju zanalyzy hodnoteného
systému atam, kde je potrebné brat do
uvahy niekol’ko véh hodnotenia.

HV|=Zi HKi.WDi.WVI

HVK=Zi HKi. WDi . WV[(

Optimum alternative for the “j” section is
maximum of {HVK}, k=1,2,3,4,5

4 CONCLUSION

The previous model of a multi-criteria
decision-making method was designed for
selection of logistic network funding
method, mainly for construction of
sections of Slovak highways. This model
is, however, generic and it cannot be
applied when selecting an alternative of a
solution - decision for the areas, in which
values of individual factors are not
estimated by an expert approach but are the
result of an evaluated system analysis. It
also cannot be used in the areas, in which
several evaluation weights are to be taken
into consideration.
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