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- STRACT In the construction sector, construction and manufacturingaffairscan be carried outin a healthy way by the cor-

rect preparation of projects which define the construction works. Correct preparation of projects depends on the
characteristics of the project firm. Therefore, the selection of the most appropriate project firm is an important issue. In this article TOPSIS
method is proposed as a tool to select the best project firm in preparing the projects wealthy. The TOPSIS method allows to decision makers
to express their opinions about the criteria. In this article, four project firms are compared according to criteria: bid, similar work experience,

current workload and number of qualified staff with TOPSIS method.

INTRODUCTION

Construction bidding is the process of submitting a tender to
undertake, or manage the undertaking of a construction pro-
ject. The process starts with a cost estimate from the projects
of construction work. The tender is treated as an offer to do
the work for a certain amount of money or a certain amount of
profit which is calculated by survey of projects [1].So for success
of construction the correct preparation of projects which define
the construction works is very important.Correct preparation
of projects depends on the characteristics of the project firm.
Therefore, the selection of the most appropriate project firm for
the project is an important issue.

In Turkey public agencies, projects which consist with archi-
tectural, static, mechanical and electric projects can be pre-
pared by two methods. One of them is agencies who have
enough qualified technical staff, draw them in its own. The
other one is by supplying them using various tender meth-
ods which are determinate by Public Procurement Law [2].
In tender methods, agencies identify an appropriate list of
evaluation criteria, requirement list and proposes a quanti-
tate procedure for building construction projects. Then pro-
ject executivecommittee who research prices of all projects
to determine the approximate cost of work. Project firms
who have the requirements that are specifiedin tender docu-
ments submit their proposals which contain price they offer.
The firm who offer the lowest bid price wins the tender and
takes the project work [3].In selection process selecting the
firms by only determining the prices may affect the quality of
work [4, 5].There are also other criteria as similar work expe-
rience, current work load of firm, experience and number of
qualified staffthat should be considered. When there are a lot
of criteria to evaluate decision makers need a model to per-
form the best selection. There are methods which are simul-
taneouslyevaluatingdifferent criteria. Some of them are multi-
criteria decision-making (MCDM), multi-attribute analysis
(MAA), multi-attribute utility theory (MAUT), multiple regres-
sion (MR), cluster analysis (CA), bespoke approaches (BA),
fuzzy set theory (FST) and multivariate discriminant analysis
(MDA) [5-8].

Project firm selection is one of the most important steps of
project management that has a significant role to achieve
both short and long term goals of construction and manu-
facturing. It is a multi-criteria decision-making problem
which has several factors to be considered. The most com-
monly used multi criteria decision methods are Weighted
Sum Method, Weighted Product Method, Analytical Hierar-
chy Process, PROMETHEE, ELECTRE and TOPSIS methods
[9-11]. All these methods aim at using a set of criteria which
may vary in the degree of importance for a decision prob-
lem. In this paper the TOPSIS approach is proposed as a
tool to select the best project firm to draw the projects and
prepare the bid documents. In determining the degree of

importance of each criterion, ENTROPY method is used.

MATERIALS AND METHODS

In this section, methodologies of Entropy and TOPSIS methods
are given. And then, the project firm selection problem is struc-
tured.

TOPSIS Method

Technique for Order Preference by Similarity to Ideal Solu-
tion (TOPSIS) was proposed by Hwang and Yoon in 1981.
TOPSIS finds the best alternatives by minimizing the dis-
tance to the ideal solution and maximizing the distance to
the positive or negative ideal solution [12]. All alternative
solutions can be ranked according to their closeness to the
ideal solution. Because its first introduction, a number of
extensions and variations of TOPSIS have been developed
over the years. General TOPSIS process with six steps is list-
ed below [13]:

Step 1. Construction of the decision matrix

TOPSIS Method builds on the assumption that decision matrix
D includes m alternatives and n criteria as follows:

Ay x x, 0]
D=4, [X X .. X
A, X Xy Xn

The decision matrix is normalized by vector normalization as
shown in below:

i=1l. m;j=1l..n

(2]

This results normalized decision matrix as follows.

i, fa ... G| [2]
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Step 3.Weighted normalized decision matrix is formed as:

Step 4. PIS (positive ideal solution) and NIS
[negative ideal solution) are detenmined as:
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A= |'1-__' Vi Vo e Vo :lnmmnu.m values. [6]

Step 5. The distance of each altemative from PIS and
NIS iz calculated as:

Step 6. The closeness coefficient of each altemative
(CC;)1s caleulated as:
. [2]

cC, -
]

Step 7. The ranking of altematives is determined by
companng CC; values.

Entropy Method

Entropy is a term in information theory, also known as the aver-
age amount of information [14]. The criteria weights of TOPSIS
method are calculated by the Entropy Method. Entropy method
is highly reliable and can be easily adopted in information meas-
urement [15]. The calculation steps of Entropy Method are as
follows:

Step 1. Calculation of the entropy value for each criterion

In decision matrix D, feature weight pij is of the ith alternatives
to the jth criterion is calculated by

X

Pi = i=1..m;j=1L..,n. [9]
ZXJ

i=l1

The output entropy ej of the jth criterion becomes

e =K ginggy ° 1P [10]

Where 1 is a constantthatassures g, ¢ and

"~ Infm)

= indicates the entropy value with respect to criterion

C,-

Step 2.Vanation coefficient of the jth criterion

whereWjindicates the objective weight for criterionCij.

Research Paper

Analysis and Results

In this paper, we presented a TOPSIS application for Project
firm selection in multi criteria environment. In our applica-
tion four project firms are compared according to criteria:
bid, experience, similar work experience, current workload
and number of qualified staff as seen on Table 1. The objec-
tives of the survey are to examine the criteria and determine
the relative weights of these criteria used by the administra-
tion. In determining the weights of the criteria Entropy meth-
od is used.

Application of Entropy and TOPSIS Methods in Project Firm
Selection

In calculating of weight using entropy analysis, the procedure is
as follows; the decision matrix shown in Figure 1. Eq. 1 resulted
in the data normalization as shown in Figure 2 while Equations
9, 10, 11 and 12 were applied to obtain the result shown in Table
2.

c, C, G, Cc, C,
A, 150000 1 35000 12000 5
D= A, 145000 & 18000 10000 4
A, 160000 9 21000 9000 6
A, 163000 2 36000 11000 3 |
Figure 1:Decision matrix of project firm selection
0,484896 0,543251 0,610568 0,568216 0,539164 |
_10,468733 0,395092 0,314007 0,473514 0,431331
0,517223 0,444478 0,366341 0,426162 0,646997
0,526921 0,592638 0,628013 0,520865 0,323498 |

Figure 2:Normalized decision matrix

According to TOPSIS method’s calculations, the results are
shown in Table 3. From the result obtained it can be learned
that it is feasible to use entropy analysis and TOPSIS to se-
lect the best project firm. According to Table 3, because of
the highest performance value for Firm A is best Project firm.
The results of this study show that the most appropriate Pro-
ject firm was A. Because the proposed solution can handle
the effects of dependences, it is relatively useful and makes
the evaluation result to be more reasonable.

CONCLUSION

The objective of this paper is to introduce the application of the
TOPSIS in selecting best project firm. This article will briefly
review the concepts and applications of the multiple criteria
decision analysis, the TOPSIS’s implementation steps, and dem-
onstrate TOPSIS application by determining theimportance
weights with Entropy on project firm prequalification problem.
It is indicated that this application can be used in the whole pre-
qualification.

Table 1.
The dataofthe project company according to the each crite-
ria

Bid |Experience Similar Work |Current Number of
P Experience Workload |Qualified

(TL) |(Year) |0y (m?) Staff

Firm (150

A 000 11 35 000 12 000 5

Firm (145

B 000 8 18 000 10 000 4

Firm [160

C 000 9 21 000 9 000 6

Firm |163

D 000 12 36 000 11 000 3
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:ilt)ll'f)sy value, the variation coefficient and the entropy of the each criterion

Bid (TL) Experience (Year) |Similar Work Experience (m?) Current Workload (m?) Number of Qualified Staff
e 2,230134 2,211693 2,16102 2,222778 2,181365
di -1,23013 -1,21169 -1,16102 -1,22278 -,1,18136
W, 0,204784 0,201714 0,193278 0,203559 0,196665
Tz}‘ble 3.
d;,d; , values and ranking of alternatives

d; d; C Rank

Firm A 0,069037 0,086711 0,556737 1
Firm B 0,11050 0,040187 0,266691 4
Firm C 0,084917 0,079227 0,48267 3
Firm D 0,086767 0,085309 0,495763 2
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