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SIMPLE PREQUALIFICATION MODELS

E. PLEBANKIEWICZ!

The selection of a contractor is one of the most important among decisions made by the owner
of a construction. The application of the prequalification procedure enables the selection of the
most competent tenderers. Various mathematical models are helpful in carrying out prequalification
procedure. In the paper, some selected mathematical models are briefly characterized and model
based on the theory of fuzzy sets is offered. The applied model takes into consideration the
owner’s various objectives, as well as different evaluation criteria. The results of the sensitivity
analysis of the model are also presented. Part of a computer software applying an earlier presented
prequalification mathematical model is described.
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1. INTRODUCTION

Although the basic criterion for selecting a tender for construction works is price,
the owners more and more often value the choice of a competent contractor. It is
especially important in big projects. In orders announced by private owners, as well as
in big international tenders, the prequalification procedure often occurs as a pre-tender
selection of contractors.

Two types of prequalification can be distinguished. Prequalification may suggest
grouping of the most suitable contractors for realization of a definite kind of projects (as
a rule taking into consideration a chosen factor, e.g. having special equipment to do a
specific kind of works). As a result it leads to forming a prequalification list (“standing
list”). In such a case only contractors from the list can apply for a given project. Such
lists are formed in many countries by different state organizations, big owners, and
also by smaller private owners [1]. Prequalification may also mean selecting a group
of contractors most suitable to compete for a particular project — the so called “per
project”. Such selections are often supported by mathematical models.

The aim of the paper is to present selected prequalification models, among them
a model adjusted to the needs of Polish owners, built on the basis of fuzzy sets theory.
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2. PROBLEM WITH CONSTRUCTING THE PREQUALIFICATION MODEL

Building a model comprising all conditions of prequalification process is not an easy
task. In evaluation of a contractor, numerous criteria are taken into account, which,
in turn, are characterized by the right subcriteria. In many countries there were many
researches carried out on the criteria used by construction owners — Banaitiené and
Banaitis [2], Jennings and Holt [3], Mitkus and Trink{iniené [4], Plebankiewicz [5],
Russell et al. [6], Singh and Tiong [7], Waara and Brochner [8].

Evaluation of many criteria is subjective and ambiguous in meaning, e.g. “con-
tractor’s reputation” is important in evaluation. It is also not an easy task to determine
a single common scale of evaluation for all the criteria.

The objectives which an owner sets in a given project are essential. There are
some objectives mentioned in literature which most construction projects aim at, these
are: time, cost, and quality of works. Depending on different factors, first of all the
purpose of the project to which an owner may attach different significance to these
objectives, e.g. in the case of prestigious building, its quality is most important, the
cost being of less importance. However, in the case of a building meant for sale, its
quality can be less significant than its cost or time of realization.

In the process of prequalification, evaluation is carried out by a group of decision-
makers appointed by an owner. The group consists of specialists from different bran-
ches. They are usually employed by an owner, but in some cases they may come
from outside and may evaluate the position and reputation of a constructor on the
market. Thus, there is an additional problem of taking into consideration the model of
evaluation of numerous decision-makers.

3. MODELS OF SIMPLE PREQUALIFICATION

The simplest and used most often in practice is the dimensional weighting model. Its
application in prequalification problems and all possible modifications were described
by Jaselskis and Russell [9]. An owner chooses the criteria and their importance. Each
contractor is evaluated on a set scale according to the assumed criteria. The final
evaluation of the k contractor can be written in the following formula [10]:

n

G.1) OCi = )" (K)(Wa),

i=1

where: n — number of criteria, K; — weight of the criterion i, W;; — a mark given to a
contractor kaccording to criterion i.

Linear model described by Russel, among others, [11], apart from the main criteria,
takes also into consideration some sub-criteria characterizing them. Computer software
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QUALIFIER-1 [12] was designed as an aid in using the model. The evaluation of the
contractor in a linear model can be written as:

K; > (Kip(Wii),

=1 j=1

n
3.2) OCy =
where: n — number of main criteria, m — number of subcriteria ascribed to criterion
i, K; — weight of the criterion i, K;; — weight of the subcriterion j assigned to criterion
i, Wijx — evaluation assigned to the contractor k according to subcriterion j, assigned
to criterion i.

Models similar to the linear model are those taking into consideration many va-
riations of the evaluation [11]. Criterion evaluation in these models is considered as
the random variable with probability assigned to it. Two cases were detailed;

1) with normally assumed distribution,

2) with assumed B-PERT distribution.

In the first case evaluation of contractor k£ according to criterion j, is an expected
value of random variable and can be defined by the formula:

m
(3.3) Wik = > (Pi) (W),

=1
where: m — number of evaluations of a given criterion, P j; — probability of evaluation
i of contractor k according to criterion j occurrence (probability sum of all evaluations
of a given criterion equals 1.0), W, — evaluation 7 of contractor k according to criterion
J-

Then, total, overall evaluation of contractor k can be obtained as in Eq. (3.1), but
taking into consideration Eq. (3.3).

In the second case, three evaluations are taken into consideration: optimistic, mo-
dal, and pessimistic. The value of random variable (evaluation of contractor k according
to criterion j) has the form of:

a+4m+b

(3.4) Wik = —

where: a — optimistic evaluation, m — most probable evaluation (modal), b — pessimistic
evaluation.

Complete, total, evaluation of contractor k can be obtained as in Eq. (3.1), but
taking into consideration (3.4).

4. MobEL USING THE AHP

Some authors have formed prequalification models by using the Analytical Hierarchy
Process (AHP) [13]. Such models were developed by Al-Harbi [14], Fong and Choi
[15], Mahdi et al. [16]. In this paper, the model created by Al-Harbi [14] is presented.
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In the discussed model the hierarchy of the problem can be developed as shown
in Fig. 1.

Level 1: Goal Selecting the most suitable contractor
Level 2: Criteria %N
Ky Ky Ks Ky Ks K
Level 3: Contractor Wi Wi Wi Wi Wi Wi
Wz Wz Wz Wz Wz Wz
W3 W3 W3 W3 W3 W3
W W, Wi A Wi W
W, W, W, Wa Wa W

Fig. 1. Hierarchy of the problem.
Rys. 1. Drzewo decyzyjne

For each criterion the following operations are carried out:

1. The pair-wise comparison matrix is obtained,

K. W W, W3 W, W,
Wi 1 Wp Wi Wiy Wy,
Wy Wi 1 Wy Wy Wy
Wi Wi Wi 1 Wi Ws,
Wy Wy W Wi 1 Wy,
Wo Wi Wi Wi W 1
Synthesized matrix is performed,
Priority vector is calculated,
Consistency ratio is calculated,
Amax — Maximum eigenvalue is calculated,

Consistency index CI is calculated,
Consistency ratio CR is calculated.

ANk L=

Operations carried out in points 2 — 7 allow to check matrix consistency. As the
value of CR is less than 0.1, the judgments are acceptable.
The next step is to determine the pair-wise comparison matrix for criteria:

Ki K, K3 K; K;
Ki 1 K Kiz Ky Ky
K, Ky 1 Ky Ky Ky
K3 K3 Ky» 1 Ky Ky
Ky Ky Ko Kiz 1 Ky
Ki Ki Ko Kz Ky 1
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Subsequently the operations points 2-7 are carried out for the pair-wise comparison
matrix for the criteria.

As a result these operations allow to determine the final evaluation and the ranking
of contractors.

A detailed description of the models, as well as its usage, can be found in [17].

5. OTHER MODELS

Among other models of the evaluation of contractors, the model making use of expert
system is worth consideration. The model and the programme (QUALIFIER 2) facili-
tating its usage was described in [18]. On several occasions, artificial neural networks
were used to build a prequalification model. Such models were worked out by, among
others, Lam et al. [19], Khosrowshahi [20] and Elazouni [21].

Problem of the selection of contractor is a multi-criteria problem. Many multi-criteria
techniques are proposed and applied for the solution of such problems — Zavadskas and
Vilutiene [22], Zavadskas et al. [23], Zavadskas et al. [24], Jaskowski [25]. Brauers
et al. [26], GineviCius and Podvezko [27], Mitkus and Trinkuniene [28], Turskis [29],
Zavadskas et al. [30], Zavadskas et al. [31] investigated the assessment of construction
firms and contractors evaluation problems.

6. CONTRACTOR PREQUALIFICATION MODEL USING FUZZY SETS

Aiming at quantification of the values, so far considered as non-measurable, resulted
in the sixties of the 20" century in forming a fuzzy sets theory and its wide application
in decision making. Thanks to this theory, decision makers can, among others, evaluate
contractors in the form of linguistic variables, later on converted into fuzzy numbers.
Fuzzy sets theory is very useful in searching for the solutions of problems which
include elements of human subjectivism, such as evaluation of contractors competence.
The basic aim of fuzzy sets theory is to represent the existing inaccuracies occurring
in some expressions of the natural language. Many authors think that combining the
methods of representation of incomplete information with the theory of fuzzy sets,
representing inaccurate information, can fully and in a natural way describe the real
world phenomena. A formal description of the theory of fuzzy sets was introduced in
1965 by Zadeh [32] and he is considered as the author of this theory.

A fuzzy set is characterized by its membership function, which represents nume-
rically the degree to which an element belongs to a set. Unlike conventional (crisp)
sets theory, where objects are either in or out of a set, fuzzy sets theory allows objects
to partially belong to a set.

Fuzzy sets were for the first time used to build a contractor selection model by
Nguyen [33]. He proposed a procedure of choosing a bidder taking into consideration 3
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criteria: cost, presentation of bid information, and past experience, as well as different
scenarios of a construction owner’s preferences.

An interesting prequalification model, based on fuzzy sets, was presented by Singh
and Tiong [34]. The model allows to consider different types of criteria and characterize
them as subcriteria. It admits subjective evaluations of numerous decision-makers. The
decision-makers can use linguistic variables both for the criteria and for the degree of
satisfying them by contractors. The way in which linguistic variables, used by Singh
and Tiong, are interpreted, has been applied in the model developed by the author and
discussed in the paper.

6.1. GENERAL CHARACERISTICS OF THE MODEL

The main purpose of the model is to choose a contractor for a concrete project (“per
project”). In the assumed scheme, it is accepted that only contractors from the “standing
list” can apply for the realization of the project. However, it is not an indispensable
condition. The model can also be used for the evaluation of contractors, especially
when there is no other form of preliminary selection. In such a case a greater number
of general criteria should be considered, not only those connected with the project.

The model considers different objectives and criteria. The basic objectives consi-
dered in the model are time, cost, and quality of works. Evaluation is usually carried
out by a team of decision makers. In the model there is a possibility of taking into
consideration evaluations by many decision makers.

The advantage of the model is the fact that all evaluations can be presented in the
form of linguistic values. Making use of the fuzzy sets theory, the linguistic variables
are converted into fuzzy numbers. Fuzzy relations are formed, then fuzzy compositions
determining the relationship between objective and contractor through their respective
relationships to criterion.

As it results from the specificity of the model it is difficult to determine a satisfying
evaluation. Thus, it is important that all the contractors are evaluated at the same time.
The number of contractors evaluated as the best, who are qualified, should be in
agreement with the number determined by the owner. A simultaneous evaluation of
all candidates makes the task easier for the decision makers, who can compare the
contractors’ features.

In the model an algorithm is accepted:

1. In the first stage the construction owner has to define the objectives (c,,) he wants
to achieve in the project.

2. We determine k, criteria having influence on the decision on a contractor being
qualified.

3. Decision-makers (d,) evaluate the degree to which the construction owner aims at
achieving a given objective, the degree of criteria importance for the construction
owner, and the degree of satisfying criteria by particular contractors.
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3.1. In the evaluation the decision-makers use linguistic variables: Linguistic variables
(very important, important, above average, average, below average, less important,
the least important), refer to the evaluation of the importance degree in reaching
a given objective, and to the evaluation of a given criterion. Values of linguistic
variables (very good, good, above average, average, below average, poor, very poor),
refer to the evaluation of the degree of contractors satisfying the criterion.

3.2. Linguistic variables are converted into a fuzzy numbers (Fig. 2 and Table 1)
(Singh, Tiong [34]).

»n
>

Fig. 2. Graphical representation of fuzzy numbers for linguistic variables.
Rys. 2. Interpretacja rozmyta zmiennych lingwistycznych

Table 1
Fuzzy numbers for linguistic variables.
Interpretacja rozmyta zmiennych lingwistycznych

Linguistic variables Fuzzy numbers

VG/VI very good/important (0.8, 0.9, 1.0, 1.0)
G/1 good/important 0.6, 0.7, 0.8, 0.9)
AA above average 0.5, 0.6, 0.7, 0.8)
A average 0.4, 0.5, 0.5, 0.6)
BA below average 0.2,0.3,04, 0.5
P/LI poor/low important 0.1, 0.2, 0.3, 0.4)
VP/VLI very poor/very low important (0.0, 0.0, 0.1, 0.2)

3.3. For each objective we determine fuzzy value of the degree to which a con-
struction owner is striving in order to reach a given objective
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3.4. The crisp score (defuzzified value) — the average degree to which a construction
owner is striving in order to reach a given objective — is obtained as follows (Kaufmann
and Gupta [35]):

(62) Ca = (Cal + Ca2 + Ca3 + Ca4)/4>
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For details about different types of fuzzy numbers, membership function, aggregation,
and defuzzification methods, interested readers are referred to Klir and Folger [36],
Kaufmann and Gupta [35], Kacprzyk [37].

Next, similarly to the case of the degree to which a construction owner is striving
in order to reach a given objective, the degree of criterion importance and degree of
satisfying criteria by particular contractors is established.

3.5. For each criterion we determine fuzzy value of the degree of criteria importance
for the construction owner

Kﬁj —b (b=1, 2,..., n) criterion evaluation by j (j=1, 2, ..., p) decision-maker,
for e (e=1, 2, 3, 4) variant;

n — number of criteria.

Criteria evaluation matrix: Kj;.

3.6. The crisp score (defuzzified value) — the average degree of criteria importance for
the construction owner: K,

3.7. For each contractor we determine, fuzzy value of satisfying criteria by particular
contractors

W, —c (e=1,2, ..., 1) contractor evaluation, by j decision maker, for e variant,
according to b criterion;

t — number of contractors.

Contractor evaluation matrix: W, .

3.8. The crisp score (defuzzified value) — the average degree of satisfying criteria by
particular contractor: W,

4. The elements of the R(c, k) relation are calculated, where R(c, k) is a fuzzy binary
relation approximating the relationship between the objective set and criteria set:

(63) R(Ca,kb) = Ca X Kp X 1.

where: /,, — influence of b criterion on a objective;
5. The elements of the R(k,w) relation are calculated, where R(k,w) is a fuzzy bi-
nary relation. Each element of R(k,w) represents the degree of satisfying criteria by
particular contractors.
6. The elements of the Q(c,w) relation are calculated, where Q(c,w) is a fuzzy com-
position operation, performed on the 2 fuzzy binary relations R(c, k) and R(k,w). The
elements of the Q(c, w) relation determine the relationship between objective ¢ and con-
tractor w through their respective relationships to criterion k. We use maximum-minimum
(max-min) and cumulative-minimum (cum-min) composition operation.
— The max-min operation is defined, for a given ¢, and w,, by (Klir and Folger [36]:

(6.4) O(c,w) = S o R(cy, w.) = max min [R(c,, kp), R(kp,, we)] for all k.
Contractor evaluation is obtained as follows:

(6.5) 0; = [Z Olcanwo)|/ Z ¢, fora=1tom.
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— The cum-min operation is defined, for a given ¢, and w,, by (Russel and Fayek [38]):
(6.5) O(c,w) = S o R(cy, we) = summin [R(cg, kp), R(kp, w.)] for all k.

Contractor evaluation is obtained using Eq. (6.5).
A detailed description of the model can be found in [39].

6.2. ANALYSES OF MODEL SENSITIVITY

In order to examine the influence of particular input data on the results of operations
performed on the model, a sensitivity analysis was carried out. One of the input data
was changed, assuming that the remaining data were stable. The influence of these
changes on the final result was observed. Model sensitivity measure is a variation of
the final results in answer to the changes in particular parameters of the input data.

In the carried out analysis, the influence of the following parameter variations on
the evaluation of the contractor was examined:

— the degree to which the construction owner aims at achieving a given objective,
— the number of objectives,

— the degree of criteria importance for the construction owner,

— the degree of satisfying criteria by particular contractors,

— the number of criteria,

the degree to which the criterion influences of on objective.

The carried out analyses aimed at establishing some general tendencies of the
model behavior. On the basis of the carried out analyses some general conclusions can
be made about the input data influence on the final results:

1) The degree of criterion importance has the biggest influence on the final results
for the owner. Slightly less important is the degree of satisfying the criteria by particular
contractors. The degree to which the construction owner aims at achieving a given
objective, and the value of coefficient /,, only slightly influences on final results.

2) Greater influence of the input data on the final results can be seen in the sum-min
method than in the max-min one.

3) Introduction of additional objectives or criteria only slightly influences on the
final results (a little bit more when introducing additional criteria).

6.3. “PREQUALIFICATION” PROGRAMME

As an aid in prequalification procedure and model usage, the author worked out a
software with a working name “Prequalification”. It can be used in the most popular
systems in Poland, such as Microsoft Windows XP, Vista and Windows 7. The program
is in Polish. It is meant for a particular owner, but after some modifications, especially
those referring to prequalification onto a “standing list”, it can be used by any owner.
The aim of the software is to make it easier for the owner to evaluate the contractors
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onto the “standing list”, and then to choose one for a concrete project from among
them. In the prequalification “per project’, a mathematical model presented in the
paper was used. The software is divided into two fundamental parts — the modulus of
the contractor and that one of the owner. In the contractor modulus, a candidate for the
“standing” and then “short list” has to provide the data demanded by the owner. The
data are determined by the owner as the needs arise, and passed on to the contractor
in the form to be filled up.

Modulus of the owner is much more elaborated. It consists of three fundamental
parts — the first allows to evaluate a contractor onto the “standing list”, the next enables
to prepare data concerning the realized project, the third allows to evaluate “per project”
contractors. Additionally, the software ensures indispensable contact between the owner
and contractors — transmitting data, inquiries, and supplementing information.

Further, only a part of the software that allows the owner to evaluate “per project”
contractor will be discussed.

The selection of contractors for a specific project is possible thanks to a form
for “per project evaluation”, available in the owner modulus. This function makes it
possible for a decision maker to add evaluation, remove it, and recalculate it, and thus
gain contractors ranking. (Fig. 3)

Femowe evaluation Recalculate the
of decision maker evaluation by “per
project” method

Ucena wykonawcow metoda “per projekt”

I - I
Uity nceng % LQ‘F'rzellcz OCEANE
decydenta odg “per projkt”

E'I:ié‘ﬁé"uj';:"é'h"a'éi&_;,}aé.ﬁ't"swi] FPocsumaowanie ocen decydentdw | Ranking wadaonamocow | Cioliczenia

Add decision :
aker’ Dada ncene

maker s P decpderia

evaluation

¥ Data oceny |Nazwa OCENiBjRCcEI0 |
LEIZH 02031553 M owak &

o 2010-02-02 1e:45 Faomealzki B.

__|2010:02.03 1E:50 Rodszz C.

Fig. 3. Form for “per project evaluation”.
Rys. 3. Formularz ,,ocena wykonawcéw metoda per projekt”

To evaluate contractors for a given, earlier determined project, a decision maker has
to click “add decision maker’s evaluation” button. Objectives considered in the project
appear as the first, for them the degree the owner wants to achieve is then evaluated.
Ascription of the evaluation takes place when a particular objective is marked in the
table, evaluation value chosen from the lower panel, and evaluation ascribed by pressing
“ascribe evaluation” button. (Fig. 4)
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Evaluation Name Date of evaluation

Ocena projektu przez decydenta

Ocena stopnia w jakim inwestor dazy do osiagniecia danego celu

ObjectiveA [ l0cena | N i [Data oceny
 p|Koszt Powyiej przecietne] MNowak A 2010-02-03 17:51
Termin Bardzo dobry/Bardzo wazne  Nowak A 2010-02-03 1751
Jakosc Powyzej przecigtnej MNowalk A 2010-02-0317:51

| Przypisz ocene do zaznaczonej pozycji| -
LI ZzZYP'SZ II"Ascribe evaluation
ocen

JBardzo dobry/Bardzg wazne
|Dobry/Wazne
Powyiej przecigtnej
|Przecietny/Przecigt
v

Ascribe evaluation to
the marked position

Fig. 4. Evaluation of the degree to which the objective is desired by the owner.
Rys. 4. Ocena stopnia w jakim inwestor dazy do osiggniecia danego celu

In the next step, having pressed the button “accept’, there the evaluation of the
degree of criteria importance follows. The evaluation is done identically as in the
previous step. (Fig. 5)

Evaluation Name Date of evaluation

Dcena projektu przez decydenta

Ocena stopnia waznosci kiyt 2riéw
Criterion g [Otena |
7 Ysytuacja finansowa Bardzo dobry/Bardzo waine Mowak A 2010-02-03 17:51
Doéwiadczenie Powyiej przecigtnej Nowak A 2010-02-03 17:51
Srodki-sprzet Powyzej przecietnej Nowak A 2010-02-03 17:51
Zdolnoéci organizacyjne Panizej przecigne] Nowak A 2010-02-03 17:51
Reputacja Ponizej przecigtne] Nowak A 2010-02-03 17:51

|Przypisz ocene do zaznaczonej pozydi = . .
| _'J scrlbe evaluation
|

J|Bardzo dobry/Bardzp waine
|Dobry/Wazne

Powyzej przecietne|
5 ?rzgt_:igtny/ Pv_zecie_tn ]
v

Ascribe evaluation to
the marked position

Fig. 5. Evaluation of the degree of the importance of criteria.
Rys. 5. Ocena stopnia waznosci kryteriéw

The last step of evaluation by the decision maker is to evaluate the degree of
satisfying criteria by particular contractors. The only difference, in comparison to
previous steps of evaluation, is an additional criterion from the list developed in relation
to the choice of a contractor from the list. (Fig. 6) At each stage of contractor evaluation,
the decision maker has an access to the candidate’s data.
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Show contractor’s data

Ocena projiktu przez decydenta

Ocena stopinia spelnienia kryteriéw przez wykonawciow

how evaluation

Criterion < Kiyterium Contractor’s . Evaluated by Date of evaluation
[Svtuacia finansowa :]ad(TESS fva]uatmn
Contractor’s €= Nazwawykonawey | [Adres wykonawey [|ocena | | |ocenit | Datacceny |
name C Ogrodowa 7 Katowice Powyej przecistne] Nowak A 2010-02-03 1751
u Buddom ul. Brandla 3 Chrzandy Dobry/\Wazne Nowak A 2010-02-0317:51
|| Budoal Kwiatowa 6 Krakéw  Przecigtny/Przecigtne Nowak A 2010-02-0317:52
| |cedar ul. Aleje Pokaju 2 Tyc Przecigtny/Przecigtne Nowak A 2010-02-03 17:52
Stalbar ul. Konopnickiej 8 Kral Przecigtny/Przecigtne Nowak A 2010-02-03 17:52
|_|Staweski ul. Koralowa 23 Staby/Mato waine Nowak A 2010-02-0317:52

Pizypisz ocene do zaznaczonej pozycji|
[ :] ﬂjlﬂcribe evaluation
ocen

JBardzo dobry/Bardzo yaine
|Dobry/\Waine
Powyzej przecietne]
|Przecietny/Przecigtne
B Sh A
Ascribe evaluation to
the marked position

Fig. 6. Evaluation of fulfilling the criteria by contractors.
Rys. 6. Ocena stopnia spelnienia kryteriéw przez wykonawcéw

Summing up the evaluation

List of decison makers SRR

evaluafions

Ocenawykonawcow metoda "per projekt”™

Diodajoceng Usuﬁuoane [l Fiasicz oc=ng
derydenia decydents Raee metada “per projky!

Lists acan dacydenti] Padsumonanie acen decydentow | Rankin g wylionssoow | Obliczens

Lista deoydentdmw:

Lista wykonawoow:
w(l)= DaumsR

Lizza oalow:
CL)=
(2=

oz -

Lista krytsriow:

Fig. 7. Bookmark “summarising the evaluation of the decision makers”.
Rys. 7. Zaktadka ,,podsumowanie ocen decydentéw”
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Evaluation of the project is calculated after pressing the button “calculate eva-
luation by per project method”. In the first bookmark on the form for “per project
evaluation” there is a list of decision makers’ evaluations. In the subsequent bookmark
there is decision makers’ summing up of the evaluation. (Fig. 7)

The next bookmark contains ranking of the contractors. (Fig. 8)

Contractors

Ocena wykonawcow metodg "per projekt”

[ Dodaj ocene % Usun ocene % Przelicz oceng A Pokaz dane % Pokaz
decydenta decydenta metodg "per projekt” wikonawe oceng
Lista ocen decydentéw] Podsumowanie ocen decydentiw MW‘;] Ohliczenia
MNazwa wykonawcy Adres wylkonawcy COcena Ocena
v metodsa | metods
R BRI | SUIM-RAIN
|| baumex Darodowa 7 Katowice 0.925 296
_|Budol Kwiatowa 6 Krakdw 0.905 292
U} Buddom ul. Brandla 3 Chrzandw 04902 296
] Stalbar ul. Konopnickie] 8 Krakdw 0.881 294
|| Staweski ul. Koralowa 23 0.799 282
L Cedar ul. Aleje Pokoju 2 Tychy 0.71 258

Fig. 8. Bookmark “contractors ranking”.
Rys. 8. Zaktadka ,,ranking wykonawcéw”

7. CONCLUSIONS

In the paper prequalification models of contractors for construction works are briefly
characterized. The model built on the basis of fuzzy sets theory is presented in a
more detailed way. Sensitivity analysis of the model allows to evaluate the input data
influence on the obtained results. As an aid in practical application of the procedure of
selecting contractors, the author has worked out the “Prequalification” software. The
paper describes part of the programme applying the earlier presented mathematical
model.
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Choosing a construction contractor is one of the most important decisions made by an owner.
Using the prequalification procedure makes it possible to select the most competent tenderers. Various
mathematical models are helpful in carrying out prequalification procedure. The paper briefly characterizes
simple mathematical models, such as dimensional weighting model, linear model, or models taking into
consideration many evaluation variants. Among the models built on the basis of a complex mathematical
method is the model making use of AHP described in the paper. All characterized models have certain
limitations. In the paper, the author offers her own model in which fuzzy sets theory is applied. The
model takes into consideration various objectives of the owner, as well as different criteria for evaluation
of contractors, also many evaluations of decision makers are possible. The advantage of the model is that
all evaluations can be presented in the form of linguistic variables. Making use of the theory of fuzzy
sets, linguistic variables can be transformed into a fuzzy numbers. On the basis of sensitivity analysis of
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the model, some general conclusions can be formed in reference to the influence of input data on final
results. It appears that for the owner, the degree of criteria importance has the biggest influence on the
final results. As an aid in application of the procedure, the author has worked out a programme of the
working name “Prequalification”. The aim of the programme is to make it easier for the owner to evaluate
contractors onto a “standing list”, and then to choose from among them contractors for a specific project.
In “per project” prequalification procedure, a mathematical model presented in the paper was used. The
paper describes this part of the programme which allows the owner to evaluate “per project” contractor.

Streszczenie

Wybér wykonawcy robdt budowlanych jest jedng z najwazniejszych decyzji podejmowanych przez inwe-
stora. Zastosowanie procedury prekwalifikacji daje szans¢ wyselekcjonowania najbardziej kompetentnych
oferentéw. Przeprowadzenie procedury prekwalifikacji wspomagaja ré6znego rodzaju modele matematycz-
ne. W artykule krétko scharakteryzowano proste modele matematyczne, takie jak model wagowy, liniowy,
modele uwzgledniajace wiele wariantéw oceny. Do modeli zbudowanych w oparciu o zlozony aparat
matematyczny mozna zaliczy¢, oméwiony w artykule model wykorzystujacy AHP. Wszystkie scharakte-
ryzowane modele posiadaja pewne ograniczania. W artykule zaproponowano takze wiasny model, wyko-
rzystujacy teori¢ zbioréw rozmytych. Zastosowany model uwzglednia zaréwno rézne cele stawiane sobie
przez zamawiajacego jak i rézne kryteria oceny wykonawcéw a takze oceny wielu decydentow. Zaleta
modelu jest fakt, ze wszystkie oceny zamawiajgcy moga przedstawi¢ w formie wartosci lingwistycznych.
Wykorzystujac zatozenia teorii zbioréw rozmytych, wartodci lingwistyczne przeksztalcane sa do formy
rozmytej. Na podstawie przeprowadzonej analizy wrazliwo$ci modelu, mozna wyciggnaé pewne ogdlne
wnioski, odno$nie wptywu danych wejsciowych na korficowe wyniki. Wynika z niej, ze najwickszy wplyw
na kodcowe wyniki ma stopiefi waznoSci kryteriéw dla zamawiajacego. Jako pomoc w zastosowaniu
procedury i modelu prekwalifikacji autorka opracowata program pod robocza nazwg ,,Prekwalifikacja”.
Celem programu jest ulatwienie zamawiajagcemu oceny wykonawcow na ,,stalg list¢”, a nastgpnie wybor
z ich grona wykonawcéw do konkretnego przedsigwzigcia. W procedurze prekwalifikacji ,,per project”
zastosowano model matematyczny zaprezentowany w artykule. W artykule opisano cz¢s$¢ programu umoz-
liwiajaca inwestorowi ocen¢ wykonawcy ,,per project”.
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