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Abstract — In this work, we apply the Technique for Order 

Preference by Similarity to Ideal Solution (TOPSIS) to two case 
studies. The first example is concerned with the evaluation of the 
best response alternatives in case of accident with oil spill in the 
sea. The second example considers the rental evaluation of 
residential properties. Simulations results are promising and 
show the feasibility of the technique. 
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I. INTRODUCTION 

ulticriteria decision making problems are usually 
characterized by a finite number of alternatives and by 

several criteria (attributes) that are usually conflicting and a 
vector of weights that indicates the importance of each 
criterion. Lots of effort was applied to the development of 
several methodologies to help solve the multicriteria decision 
making problem, with several important advances being made 
along the way.  

A technique for decision making that is widely used is 
known as TOPSIS (Technique for Order Preference by 
similarity to Ideal Solution), which is a used to evaluate de 
performance of alternatives through their similarity to the ideal 
solution [7]. According to this technique, the best alternative is 
the one closest to the positive ideal solution and most distant 
from the negative ideal solution [2, 6].  

The ideal positive solution is the one that maximizes benefit 
criteria and minimizes cost criteria, while the ideal negative 
solution is the one that maximizes cost criteria and minimizes 
benefit criteria. That means that the positive ideal solution is 
made of the highest possible values at all benefit criteria, while 
the negative ideal solution is made up of the highest possible 
values in the cost criteria.  

For the last years, TOPSIS has been applied to decision 
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making problems in Brazil. A methodology to evaluate the 
effect of urbanization on water beds being aggregated through 
TOPSIS and ELECTRE TRI was proposed in [1]. In [5] 
TOPSIS was used to evaluate the sanitation services in the 
Velhas River basin in MG.  In [10] a method of prioritizing 
surveillance actions in the presence of pesticides in superficial 
waters was applied in some regional basins.  In this case, 
TOPSIS was used to select the hierarchy of basins with higher 
contamination potential. In [11] TOPSIS was used in decision 
support in the choice of transport route for grain production. In 
[14, 15] a methodology to guide strategic decisions on the 
choice of highest priority projects in Brazil’s transport 
infrastructure using TOPSIS was proposed.  In [8, 9] fuzzy 
TOPSIS was applied to the problem of oil spill in the southern 
shore of ES and in [16] it was used for the selection of hedge 
fund managers.  

In this article our goal is to apply the TOPSIS technique in 
two case studies: i) to evaluate the best alternatives for 
contention in case of oil spills in Espírito Santo’s southern 
shores. ii) for the selection of best alternatives in rental 
evaluation of residential properties. The rest of this article is 
organized as follows: in section 2 we briefly describe TOPSIS. 
Results for both studies are presented in section 3, while 
conclusions and future directions finalize the article in section 
4. 

II. MULTICRITERIA DECISION MAKING 

The decision matrix A is made of alternative and criteria is 
described by:  
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where 1 2, ,..., mA A A  are  feasible alternatives, , 1 2, ,..., nC C C  

are criteria and ijx  indicates the performance of alternative iA  

according to criterion .jC  The weight vector 

( )1 1, ,..., nW w w w=    is composed by the individual weights 

for every criterion jC  is held to 
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=∑  Data from matrix 

A come from different sources and therefore they must be 
normalized so that they can be transformed into a non 
dimensional matrix and the comparison among criteria is 
possible. In this work, the matrix A is normalized for each 
criterion jC  according to the following formula: 
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This way, the normalized decision matrix nA  represents the 

relative performance of the alternatives and can be described 
by  ( ) ,n ij mxnA p=  com 1,..., ,  e  1,..., .i m j n= =  

Now, we describe the multicriteria decision making 
technique TOPSIS. 

A. TOPSIS (Technique for Order Preference by Similarity 
to Ideal Solution) 

Generally, the evaluation criteria can be classified into two 
groups: benefit and cost. Benefit means that a higher value is 
best, while for cost, the opposite is held true. The algorithm to 
calculate the best alternative according to TOPSIS [6] is 
described by the following steps:  

Step 1: Calculate the positive ideal solutions A+  (benefits) 

and he negative ideal solutions A−  (costs) according to the 
following formula: 

 

1 2( , , ..., )mA p p p+ + + +=  (2) 

1 2( , , ..., )mA p p p− − − −=  (3) 

where 

( )1 2max , ;min ,j i ij i ijp p j J p j J+ = ∈ ∈
         (4) 

( )1 2min , ;max ,j i ij i ijp p j J p j J− = ∈ ∈
         (5) 

 
where 1J  and 2J  represent the criterion benefit and cost, 

respectively.  
Step 2:  Calculate the Euclidean distances between iA  and 

A+  (benefits) and between iA  and A−  (cost) using the 

following formula: 
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Step 3:  Calculate the relative closeness iξ  for each 

alternative iA  in relation to the positive ideal solution A+  

using: 
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In the next section we apply this technique to two case 
studies. 

III.  EXPERIMENTAL RESULTS 

A. Case Study 1: Oil spill in the southern shore of Espírito 
Santo  

The first case study considers a problem involving a 
possible accident causing an oil spill in the sea at the southern 
shore of the state of Espírito Santo [3]. The decision matrix 
adopted from [8, 9] shown in Table 1 is composed by 10 
alternatives and 2 criteria, 1C  being a cost criterion and 2C  a 

benefit criterion, according to the terminology used in 
TOPSIS. We normalized the decision matrix as described in 
the previous section. The weight vector is 

( )1 2, (0.5107,0.4893)W w w= =  [8]. The result of the 

application of TOPSIS is shown in Table 2. As we can see, 
alternative 8 represented the best strategy according to 
TOPSIS. 

 

B. Case Study 2: Rental evaluation of residential properties 

The second case study considers a problem involving the 
evaluation of rental prices in the city of Volta Redonda, RJ. 
The information on the decision matrix presented here are 
available in [4, 13]. The decision matrix A in Table 3 is made 
of 15 alternatives and 8 criteria. The normalized decision is 
shown in Table 4. The weight vector is listed in Table 5. The 
results of the application of TOPSIS are shown in Table 6. As 
we can see, the alternative 5 is the best one according to 
TOPSIS.  

A recent study on real state evaluation using a hybrid 
approach combining TODIM and neural networks was 
proposed in [12]. Similarly, TOPSIS could also be used, for it 
is also based in distance metrics, i.e., the best alternative is the 
one closer to the positive ideal solution and farther away from 
the negative ideal solution.  

IV  CONCLUSIONS 

In this paper we applied the decision support technique 
known as TOPSIS (Technique for Order Preference by 
Similarity to Ideal Solution) to two case studies: i) to evaluate 
the best alternatives for contention in case of oil spills in 
Espírito Santo’s southern shores. ii) for the selection of best 
alternatives in rental evaluation of residential properties.  

In both case studies investigated, we could verify the 
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feasibility of TOPSIS, which is very effective and very simple 
in terms of computational implementation. One of its main 
advantages is the fact that it does not require parameter tuning. 
If the decision matrices with uncertainties are described by 
fuzzy numbers, then fuzzy TOPSIS [9] might be used to solve 
those problems.  
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Table 1.  Decision Matrix  

Alternatives 3
1 (x10 )C  3

2  (x10 )C   

A1 8.627 5.223 

A2 9.838 4.023 

A3 10.374 3.495 

A4 8.200 5.659 

A5 5.854 7.989 

A6 8.108 5.790 

A7 6.845 7.083 

A8 5.738 8.238 

A9 5.858 8.189 

A10 6.269 7.808 

 
Table 2.  Alternative      Ordering 

 iξ   Classification 

A1 0.3695 8 
A2 0.1131 9 
A3 0.0000 10 

A4 0.4615 7 
A5 0.9568 3 
A6 0.4859 6 
A7 0.7584 5 
A8 1.0000 1 
A9 0.9816 2 
A10 0.8989 4 
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Table 3. Decision Matrix [4] 
Criteria 

Alternatives 
C1 C2 C3 C4 C5 C6 C7 C8 

A1 3 290 3 3 1 6 4 0 
A2 4 180 2 2 1 4 2 0 
A3 3 347 1 2 2 5 1 0 
A4 3 124 2 3 2 5 4 0 
A5 5 360 3 4 4 9 1 1 
A6 2 89 2 3 1 5 1 0 
A7 1 85 1 1 1 4 0 1 
A8 5 80 2 3 1 6 0 1 
A9 2 121 2 3 0 6 0 0 
A10 2 120 1 3 1 5 1 0 
A11 4 280 2 2 1 7 4 1 
A12 1 90 1 1 1 5 2 0 
A13 2 160 3 3 2 6 1 1 
A14 3 320 3 3 2 8 2 1 
A15 4 180 1 4 1 6 1 1 

 
 
 
 

Table 4. Normalized decision matrix [4] 
Criteria 

Alternatives 
C1 C2 C3 C4 C5 C6 C7 C8 

A1 0.068 0.103 0.1 0.075 0.045 0.069 0.174 0 
A2 0.091 0.064 0.067 0.05 0.045 0.046 0.087 0 
A3 0.068 0.123 0.033 0.05 0.091 0.057 0.043 0 
A4 0.068 0.044 0.067 0.075 0.091 0.057 0.174 0 
A5 0.114 0.127 0.1 0.1 0.182 0.103 0.043 0.143 
A6 0.045 0.031 0.067 0.075 0.045 0.057 0.043 0 
A7 0.023 0.03 0.033 0.025 0.045 0.046 0 0.143 
A8 0.114 0.028 0.067 0.075 0.045 0.069 0 0.143 
A9 0.045 0.043 0.067 0.075 0 0.069 0 0 
A10 0.045 0.042 0.033 0.075 0.045 0.057 0.043 0 
A11 0.091 0.099 0.067 0.05 0.091 0.08 0.174 0.143 
A12 0.023 0.032 0.33 0.025 0.045 0.057 0.087 0 
A13 0.045 0.057 0.1 0.075 0.091 0.069 0.043 0.143 
A14 0.068 0.113 0.1 0.075 0.091 0.092 0.087 0.143 
A15 0.091 0.064 0.033 0.1 0.045 0.069 0.043 0.143 
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Table 5. Weight for each criterion [4] 
Criteria Weights Normalized 

Weights 
C1 5 0.25 
C2 3 0.15 
C3 2 0.10 
C4 4 0.20 
C5 1 0.05 
C6 2 0.10 
C7 1 0.05 
C8 2 0.10 

 
 

Table 6.  Alternative       Ordering 

 iξ  Classification 

A1 0.5414 7 
A2 0.3432 10 
A3 0.3851 9 
A4 0.4547 8 
A5 1 1 
A6 0.1364 12 
A7 0.2609 11 
A8 0.5627 5 
A9 0.0896 14 
A10 0.1200 13 
A11 0.8209 2 
A12 0 15 
A13 0.5565 6 
A14 0.8139 3 
A15 0.6582 4 

 


