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ABSTRACT 
In this paper, Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) is applied to project 
management to determine the critical path in a fuzzy project network. Trapezoidal fuzzy numbers are added to 
determine the final evaluation value of fuzzy activity times to determine the final evaluation value of fuzzy activity for 
each path in the network. A numerical example related to real life problem is provided to explain the procedure of 
proposed TOPSIS method in determining critical path with different criteria.   
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1. INTRODUCTION 
 
Fuzzy TOPSIS, for the first time, was initiated by Hwang and Yoon in [7]. In order to tackle Multi Criteria Decision 
Making (MCDM) issue, Fuzzy TOPSIS is considered as a standout in the midst of most established techniques. It 
focuses on the hypothesis that elective picked up should at the longest distance from the negative perfect outcome, 
therefore the result that extends the cost criteria and abates the benefit criteria and the momentary division from the 
positive faultless outcome, where the result that broadens the benefit criteria and reduces the expense criteria. The 
weights and investigations of the criteria are known precisely in settled TOPSIS.  On the other hand, Hwang and Yoon, 
in [7], stated that, even under genuine state of affairs, crisp information is inadequate to demonstrate regular 
circumstance since human adjudications are uncertain and they cannot be evaluated with accurate numeric attributes.  
In order to envisage the ambivalence that stems out customarily in information from human judgments, fuzzy set 
speculation has been amalgamated in innumerable MCDM procedures that embrace TOPSIS. In fuzzy TOPSIS, all the 
weights and evaluations are depicted by the technique for semantic variables.  Numbers of fuzzy TOPSIS methods and 
procurements have been engendered of late. Chen and Hwang, in their work of [27] for the first time connected fuzzy 
numbers to create TOPSIS.  In [31], Triantaphyllou and Lin initiated a technique in fuzzy TOPSIS in which the relative 
proximity of every substitute is weighed and concentrated around fuzzy number juggling operations. Liang in [27], 
advocated fuzzy MCDM focused around ideal and anti-ideal perceptions. In [5], Chen conceded triangular fuzzy 
numbers and characterized crisp Euclidean separation between two fuzzy numbers to expand the TOPSIS strategy to 
fuzzy GDM circumstances. Chu [12] and Chu and Lin [13] once again cultivated the technique put forth by Chen in 
[5]. Chen and Tsao endeavoured to augment the strategy focused around interval-esteemed fuzzy sets in decision 
analysis.  Jahanshahloo and others, in [18], as well as Chu and Lin in [14] gave a boost to the fuzzy TOPSIS technique 
that has been focused around alpha level sets with interim number-crunching. In [9], Chen and Lee broadened the 
theory focusing on sort-2 fuzzy TOPSIS system, keeping in mind the end goal to offer extra level of opportunity to 
advocate for the vulnerabilities and fuzziness of this reality of the present day.  Fuzzy TOPSIS has been presented for 
various multi-characteristic issues to production of choices. In [34], Yong had put into use fuzzy TOPSIS for 
determining the plant area and in the same year, Chen and others used it for determining the suppliers. In [19], 
Kahraman and others had utilized fuzzy TOPSIS for choosing the mechanical automated framework. The very same 
fuzzy TOPSIS was connected to assist the Air Force Academy in Taiwan to pick ideal introductory criteria for 
determining the site of TPP airplane in a fuzzy environment.  In order to assess alterably, the administration nature of 
three inns, by means of overviews, fuzzy TOPSIS approach was used in a very vital organization in Gran Canaria 
Island by Benitez and others in [3].  A fuzzy progressive TOPSIS model was put forth by Kahraman and others in [19] 
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for the assessment of the multi-criteria of the modern automated frameworks.  In [2], Ashtiani and others had put to use 
an interim-esteemed fuzzy TOPSIS strategy that points at looking after MCDM issues in which the weights of the 
criteria are unequal, using ideas of interim esteemed fuzzy sets.  Ekmekcioglu and others in [15], used an altered fuzzy 
TOPSIS for selecting a strong waste transfer strategy as well as the site.  Kutlu and Ekmekcioglu [26], had coordinated 
fuzzy TOPSIS and fuzzy AHP to propose another FMEA disappointment modes and Impacts dissection that allows the 
conquering of the deficiencies of classical FMEA. Again in [22], Kaya and Kahraman have come forward with a 
proposal of an altered fuzzy TOPSIS for choosing the best vitality elective of engineering. The customers’ item 
reception process has been displayed using fuzzy TOPSIS by Kim and others in [23]. 
 
So in this we proposed an algorithm based on fuzzy TOPSIS method, projected by authors in another paper, to prefer 
the critical path under the four criteria. In section-2 we discussed some fundamental definition of trapezoidal fuzzy 
number and its Arithmetic operations like addition, subtraction, multiplication and division, also discussed on linguistic 
variable and finally considered the distance between the trapezoidal fuzzy numbers. In section 3, we discussed on fuzzy 
TOPSIS method, section4, we presented an algorithm to deal with the critical path selection problem in the project 
network method. In section 5 we exemplify our projected algorithmic method with real life problem like civil 
construction. 
 
2. TRAPEZOIDAL FUZZY NUMBERS AND LINGUISTIC VARIABLES 
 
In this segment, some basic definitions of fuzzy sets, fuzzy numbers, and linguistic variables are reviewed  
 
Fuzzy set  
Let X  is the space of positive real values associated with variable and X  is a generic element of X . A fuzzy set A in 

X  defined as the set of ordered pairs ( )( ){ }AA , / Xx x x= ∈


 µ  such that [ ]: 0,1X
A

→


µ  

 
Fuzzy number 
A Fuzzy set A defined on the universal set of real numbers R is said to be a fuzzy number if its membership function 
has the following characteristics  
(i) A is  convex  i.e., ( )( ) ( ) ( )A 1 min A ,A1 2 1 2x x x xλ λ+ − ≥   

   for all , R1 2x x ∈  
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Trapezoidal fuzzy number  
A fuzzy number ( )A= , , , ;a b c d w is said to be Trapezoidal fuzzy number, if it is a convex set which is defined as
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Generalized trapezoidal fuzzy number  
A fuzzy set A defined on the universal set of real number R, is said to be generalized fuzzy number if its membership 
function has the following characteristics: 
(i) [ ]A : 0,X w→



µ is continuous 

(ii) [ ] [ ]A ( ) 0 for all , ,x x a d= ∈ −∞ ∪ ∞


µ  

(iii) A ( )x


µ  Strictly increasing on [ ],a b  and strictly decreasing on [ ],c d  

(iv) [ ]A ,( ) for all , 0 1.x w x b c w= ∈ ≤ ≤


µ  . 
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Normal trapezoidal fuzzy numbers  
If 1w = then ( )A= , , , ;1a b c d  is a normalized fuzzy number. 
 
Arithmetic operation between trapezoidal fuzzy numbers 
Addition and subtraction of any two trapezoidal fuzzy numbers is a trapezoidal fuzzy numbers but the multiplication of 
any two Trapezoidal fuzzy number is only an approximate trapezoidal fuzzy number. Two, positive trapezoidal fuzzy 

numbers, ( )1 1 1 1A= , , ,a b c d and ( )2 2 2 2B= , , ,a b c d ,and a positive real number k ,the operation between the trapezoidal 

fuzzy numbers A and B can be as follows: 
( )1 2 1 2 1 2 1 2A+ B = a + a ,b + b ,c + c ,d + d                                                                                                                       (1) 

( )2 2 2 2, , ,B = d c b a− − − − −                                                                                                                                               (2)  
( )2 2 2 21 1 1 1A B = a d ,b c ,c b ,d a− − − − − 

                                                                                                                     (3)  

( )(.) 1 1 1 1k A = ka ,kb ,kc ,kd                                                                                                                                               (4)  

( )1 2 1 1 2 1 2A B = a a ,b b ,c c ,d d2×                                                                                                                                        (5)                                      

1 1 1 1

2 2 2 2

a b c dA
= , , ,

B d c b a

 
 
 





                                                                                                                                                    (6) 

  
Fuzzy matrix 
A matrix D  is a fuzzy matrix if at least one element in a matrix is a fuzzy number. 
 
Linguistic variables 
A linguistic variable is a variable values of which are expressed in linguistic terms.  The concept of using a linguistic 
variable comes very handy in dealing with situations that are very complex or ill-defined to be reasonable described in 
conventional quantitative. For example, “weight” is a linguistic variable whose values are very low, low, medium, high, 
very high, and also usually values of some linguistic variable such as “rating” are usually presented as very poor, poor, 
medium poor, fair, medium good, good, and very good presented in the Table-1 and Table-2 respectively. 
   

Table-1: Linguistic variables for importance weight of each criterion 
                                                                                        

 
 
 
 
 
 
 
 
 
 
 
 
 

Table-2: Linguistic variables for rating 
 
 
   
 
 
 
 
 
 
 
 
 
 

 

Linguistic variables Trapezoidal Fuzzy Number 

Very low ( )0,1,1,1  
Low ( )0 ,1, 3, 5  
Medium low ( )1, 3, 5, 7  
Medium ( )3, 5, 7, 9  
Medium high ( )5, 7, 9,11  
High ( )7, 9,10,12  
Very high ( )9, 9,10,10  

 Linguistic variables Trapezoidal Fuzzy Number 

Very low ( )0,1,1,1  

Low ( )0 ,1, 3, 5  

Medium low ( )1, 3, 5, 7  

Medium ( )3, 5, 7, 9  

Medium high ( )5, 7, 9,11  

High ( )7, 9,10,12  

Very high ( )9, 9,10,10  
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Table-3: Importance weight of criteria from decision makers 

 
 
 
 
 
 
 
Distance between trapezoidal fuzzy numbers 

Two Trapezoidal fuzzy numbers ( )1 1 1 1A= , , ,a b c d and ( )2 2 2 2B , , ,= a b c d , the distance between them can be 
determined by using the vertex method  

( ) ( ) ( ) ( )( )2 2 2 2
1 2 1 2 1 2 1 2

1
2 2

6df a a b b c c d d= − + − + − + −                                                                                                                (7) 

 
3. FUZZY TOPSIS METHOD 
 
TOPSIS method is offered by Chen and Hwang [8], in reference to Hwang and Yoon [17]. TOPSIS is a method of 
multiple criteria so that solutions can be identified from a finite set of alternatives which have been widely applied to 
numerous sciences in order to take different decisions. The basic principle of the method is that the alternative picked 

up should be at the shortest distance from the positive ideal solution PIS A+ , and at the farthest distance from the 

negative ideal solution, NIS A− .  An extension version of TOPSIS has been proposed by Chen et al [6].  This fuzzy 
TOPSIS method can deal with the ratings of both quantitative as well as qualitative criteria and can effectively select a 
suitable alternative.  As a matter of fact, the fuzzy TOPSIS method is very supple.  As per the coefficient of closeness, 
not only the ranking order but also the assessment status of all alternatives can be determined.  And therefore, basing on 
these advantages and the fuzzy data which are put to use in this paper, we apply the proposed fuzzy TOPSIS method 
[6] to find out the best alternative.  This method is given as the following steps 
 
Step-1: Construct the normalized fuzzy decision matrix: 
The linear-scale method is used here so as to avoid complexity of mathematical operations and to transform the various 
criteria scales into comparable scales.  The set of criteria can be classified into benefit criteria (the larger the rating, the 
greater the preference) and cost criteria (the smaller the rating, the greater the preference).  And thus, the normalized 
fuzzy decision matrix can be represented as ij m n

R r
×

=   




 
where 

, , , ,ij ij ij ij
ij

j j j j

a b c d
r j B

d d d d
= ∈+ + + +

 
 
 
 

                                                                                                                                    (8)                                                                  

, , ,j j j j
ij

ij ij ij ij

a a a a
r j C

d c b a

− − − −
= ∈
 
 
 
 

                                                                                                                                       (9)                                          

 
where B  in Eq.8  and C  in Eq.9 are the sets  of benefit criteria and cost criteria, respectively. 

( )maxj i ijd c+ =                                                                                                                                                              (10)                                                                          

( )minj i ija a− =                                                                                                                                                              (11)                                                                    

 
The normalization method mentioned above is designed to preserve the property in which the elements ijr  are 
standardized (normalized) trapezoidal fuzzy numbers.   
 
Step-2: Construct weighted normalized fuzzy-decision matrix:  
Considering the different importance of each criterion, the weighted normalized fuzzy decision matrix is constructed as 

1, 2, 3, ..., & 1, 2, 3, ...,ij m n
V v i m j n

×
= = =  


                                                                                                              (12) 

where (.)v w rij j ij=   and also the fuzzy weight of each criterion. 
 
 

Criteria Decision makers 
Time Very high 
Cost Very high 
Risk High 
Quality High 
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Step-3: Determine FPIS and FNIS: According to the weighted normalized fuzzy-decision matrix, normalized positive 

triangular fuzzy numbers can also approximate the elements ijv . Then, the fuzzy positive ideal solution, FPIS ( )A+ and 

fuzzy negative ideal Solution, FNIS ( )A− can be defined as 

( )1 2, , ..., nA v v v+ + + +=                                                                                                                                                        (13) 

( )1 2, , ..., nA v v v− − − −=                                                                                                                                                        (14) 

where ( )1min ijv vj i
− = , ( )4maxj ijv vi

+ = , 1, 2, 3, ..., & 1, 2, 3, ...,i m j n= = . 

The index 1vij  and 4vij ,1 and 4 determine the first and fourth elements in a Trapezoidal fuzzy number respectively. 
 
Step-4: Calculate the distance of each alternative from FPIS and FNIS respectively: The distance of each alternative 

from A+  and A−  can be currently calculated as 

( ),
1

ij jv

n
d f v vi d

j
+ += ∑

=
  , 1, 2, 3, ...,i m=                                                                                                                         (15) 

( ),
1

i ij j
n

d f v vdvj
− −= ∑

=
  1, 2, 3, ...,i m=                                                                                                                          (16) 

 
Step-5: Calculate the closeness coefficient of each alternative: 

A closeness coefficient is defined to demarcate the ranking order of all possible alternatives once di
+  and di

−  wherein 
for each alternative, Ai has been calculated.  The coefficient of closeness represents the distances to the fuzzy positive 

ideal solution A+  and the fuzzy negative ideal solution A− simultaneously by taking the relative closeness to the fuzzy 
positive ideal solution.  The closeness coefficient icc of each alternative is calculated as 

i
i

i i

d
cc

d d

−
= − ++

                                                                                                                                                               (17) 

 
Step-6: According to the closeness coefficient, we can understand the assessment status of each alternative and 
determine the ranking order of all alternatives (each criterion has a larger closeness coefficient has a higher level in the 
ranking order of all alternatives). 
 
In next section, we propose our method to select the critical path in fuzzy environment. 
 
4. PROPOSED METHOD FOR THE CRITICAL PATH SELECTION 
 
In this section a methodical approach to find the critical path problem under fuzzy atmosphere. In this paper, various 
criteria like weights and qualitative are supposed as linguistic variables which are represented as positive Trapezoidal 
fuzzy numbers. Now detailed explanation is given for the proposed method. Huge project can be divided in to many 
activities. Determine the duration and preference relations of these activities. The preference relationship of these 
activities may be visualized in the Fuzzy project network. So drawing the precedence project network which arc denote 
activities also determining all criteria which are important to select the critical path in the project network under these 
criteria. A path is one of the route from starting node to the ending node. Identify all the paths in the fuzzy project 
network which start with starting event and end with the ending event. Under the consideration of the each path we 
choose one path as a critical path. Choose the suitable linguistic variables for qualitative criteria and trapezoidal fuzzy 
number for quantitative criteria, to obtain the fuzzy evaluation of activity under each criterion. Then, all linguistic 
evaluations are converted into suitable trapezoidal fuzzy numbers. The length of a path is the sum of durations of 
activities on the path, so add up trapezoidal fuzzy number to establish the final assessment value of each criterion for 
paths. The length of longest path of the entire project network is the project duration. The longest path of the project 
network is also called as critical path. So, build the fuzzy-decision matrix in which its alternative is the paths that start 
with the starting event and end with the ending event. To calculate the completion time of the project, we require 
concluding the critical path in the project network under different criterion. To prefer suitable alternative, critical path, 
under different criteria, apply fuzzy TOPSIS method can deal with the ratings of both qualitative as well as quantitative 
criteria. 
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5. APPLICATION OF PROPOSED METHOD TO CIVIL CONSTRUCTION 
 
The recommended method is at present employed to real life problem, wherein the process of computing it is 
summarized as follows. The first and foremost activity for constructing a building is to obtain material for making the 
beams stand up. This is followed by the excavation of foundations in which the beams are erected. When this job of 
excavation is done with, the next thing is to procure bricks for in order the make the walls and then wood is secure 
wood for the basic furnishings such as cupboards and shelves. The process of acquisition does not stop just here as it is 
essential to obtain sanitary fittings like commodes and faucets and then the process furthers to procure electrical 
equipment such as bulb-holders, switches and sockets. After acquiring all the requisite materials, it is to further proceed 
to the beginning of the construction of the building. When the pits for are ready, foundations are laid for the edifice to 
stand strong. Once the foundation job is done, brick work is initiated so as to bring a basic look to the structure. A 
perfect building would not complete without a good drainage system that is to follow the brick work. Once the drainage 
and brick work is completed, the activity proceeds to the placing of roof timbers, which is very necessary for the 
construction to look complete. Then roof covers are erected so that the roofing is finished. Then comes the turn of 
fixing the exterior doors such that the house is completely secure and impregnable. Completing the plumbing is a must 
for the water to run to and fro. Electric wiring is another crucial stage in making a building illuminated since no one can 
live in darkness. The electric work is very promptly followed by plaster work to give a fine look to the structure. 
Getting done the job of carpentry is another task in building a group house which is followed by placing all the sanitary 
fitting in the respective places. Finally it comes to the fixing the doors and point brick work after finishing which, it can 
be quoted that the construction of a group house is fully completed in all respects. Just the same way, an activity is 
divided into many a particle, so that a conclusion could be reached through the longest way in the shortest while 
possible. The required activities of the civil construction is collected and represented in Table -4. Draw the priority of 
the network. It is displayed in Fig.2. Decision makers use the linguistic weighing variables as depicted in the Table-1 to 
measure the significance of the criteria. The important weights of the criteria as stipulated by the decision makers are 
exhibited in the Table-3. Regulate all activities in the paths which commence with the starting event and conclude with 
the ending event. At this point decision makers use the linguistic rating variables as shown in Table-2 and the 
trapezoidal fuzzy numbers to appraise the ratings of these activities pertaining to each criterion. The ratings of the 
activities by the decision makers under various criteria are disclosed in Table-4. Then the linguistic calculations as 
shown in the Tables 3 and 5 are converted into trapezoidal fuzzy numbers as displayed in Table-6. Sum up trapezoidal 
fuzzy numbers to ascertain the values of final evaluation of each criterion for paths that get under way with the starting 
event and end up with the ending event. Subsequently create a fuzzy decision matrix as depicted in Table-7. The 
standardized fuzzy decision matrix is constructed as shown in Table-8. The weighed up and regularized fuzzy decision 
matrix is built up as described in the Table-9. At this point finalize FPIS and FNIS as 

( ) ( )
( ) ( )
9, 9, 9, 9 , 9, 9, 9, 9 ,

11,11,11,11 , 11,11,11,11
A+ =

  
 
    
( )
( )
( ) ( )

1.12,1.12,1.12,1.12 ,
1.68,1.68,1.68,1.68 ,
0.9, 0.9, 0.9, 0.9 , 1.3,1.3,1.3,1.3

A− =
  
 
  

 

 
Assess the distance of each path from FPIS and FNIS in regard to each criterion as exhibited in the Tables 10 and 11 
respectively. Then workout and of five conceivable paths and then calculate the closeness of coefficient of each path as 
cited in the Table-12. According to the closeness coefficient of five paths, we know that the second path (1-3-6-10) is 
the critical path under the time, cost, risk, and quality criteria. A notable is that this example is solved only with time 
being the yardstick. In this case the trapezoidal fuzzy activity times to determine the final evaluation have been added 
up so that the value of fuzzy activity times of each path could be worked out that commence with the starting event and 
conclude with the ending event. As per this, we possessed five alternatives (paths) with trapezoidal fuzzy numbers 
assigned. Thus Yager’s fuzzy ranking method [29] is applied to classify these five fuzzy numbers and pick out the 
alternative which is the critical path as per the criteria of time. Hence, according to this method of ranking, the first path 
has first rank, according to the largest amount of ranking function among other paths and therefore it in the critical 
path. Therefore, it is very essential to take into account different criteria in ascertaining a critical path.  

 
Table- 4: Activities with description of Building construction 

 
Activity Description 

1-2 Obtain material for beams ,Excavate foundations, Obtain bricks, Obtain wood 
1-3 Obtain sanitary fittings, etc 
1-4 Obtain electric equipment 
2-5 Lay foundations, Brick work, Place roof timbers 
3-5 Lay drains 
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Table-5: Rating of the activity by decision makers under various criteria 
 

Activity Time Cost Risk Quality 
1 2−  ( )4, 7,10,12  ( )1500, 2000, 2500, 3000  Medium poor ( )1, 2, 3, 4  
1 3−  ( )3, 6, 9,12  ( )3500,1000,1500, 2000  Medium poor ( )3, 4, 5, 6  
1 4−  ( )2, 4, 6, 8  ( )200, 700,1200,1700  Fair ( )2, 3, 4, 5  

2 5−  ( )3, 5, 7, 9  ( )200, 700,1200,1700  Fair ( )3, 4, 5, 6  
3 5−  ( )3, 4, 5, 6  ( )1500, 2000, 2500, 3000  Fair ( )3, 4, 5, 6  
4 6−  ( )2, 3, 4, 5  ( )5500, 6000, 6500, 7000  Medium poor ( )2, 3, 4, 5  
8 9−  ( )8,10,12,14  ( )1500, 2000, 2500, 3000  Medium poor ( )2, 3, 4, 5  
3 6−  ( )2, 4, 6, 8  ( )1500, 2000, 2500, 3000  Medium poor ( )4, 3, 5, 7  
5 7−  ( )5, 8,11,14  ( )700,1200,1700, 2200  Medium poor ( )2, 3, 4, 5  
4 8−  ( )4, 5, 6, 7  ( )1000,1500, 2000, 2500  Fair ( )3, 4, 5, 6  
6 10−  ( )3, 6, 9,12  ( )900, 2000, 2500, 5000  Medium poor ( )2, 3, 4, 5  
7 10−  ( )3, 5, 7, 9  ( )3500, 4000, 4500, 5000  Medium poor ( )3, 4, 5, 6  
9 10−  ( )4, 5, 6, 7  ( )2500, 3000, 3500, 4000  Medium poor ( )1, 2, 3, 4  

           
Table-6: Converted linguistic evaluation in to Trapezoidal fuzzy numbers. 

 
Activity Time Cost Risk Quality 
1 2−  ( )4, 7,10,12  ( )1500, 2000, 2500, 3000  ( )5, 7, 9,11  ( )1, 2, 3, 4  
1 3−  ( )3, 6, 9,12  ( )3500,1000,1500, 2000  ( )1, 3, 5, 7  ( )3, 4, 5, 6  
1 4−  ( )2, 4, 6, 8  ( )200, 700,1200,1700  ( )1, 3, 5, 7  ( )2, 3, 4, 5  
2 5−  ( )3, 5, 7, 9  ( )200, 700,1200,1700  ( )3, 5, 7, 9  ( )3, 4, 5, 6  
3 5−  ( )3, 4, 5, 6  ( )1500, 2000, 2500, 3000  ( )3, 5, 7, 9  ( )3, 4, 5, 6  
4 6−  ( )2, 3, 4, 5  ( )5500, 6000, 6500, 7000  ( )3, 5, 7, 9  ( )2, 3, 4, 5  
8 9−  ( )8,10,12,14  ( )1500, 2000, 2500, 3000  ( )1, 3, 5, 7  ( )2, 3, 4, 5  
3 6−  ( )2, 4, 6, 8  ( )1500, 2000, 2500, 3000  ( )1, 3, 5, 7  ( )4, 3, 5, 7  
5 7−  ( )5, 8,11,14  ( )700,1200,1700, 2200  ( )1, 3, 5, 7  ( )2, 3, 4, 5  
4 8−  ( )4, 5, 6, 7  ( )1000,1500, 2000, 2500  ( )5, 7, 9,11  ( )3, 4, 5, 6  
6 10−  ( )3, 6, 9,12  ( )900, 2000, 2500, 5000  ( )3, 5, 7, 9  ( )2, 3, 4, 5  
7 10−  ( )3, 5, 7, 9  ( )3500, 4000, 4500, 5000  ( )5, 7, 9,11  ( )3, 4, 5, 6  
9 10−  ( )4, 5, 6, 7  ( )2500, 3000, 3500, 4000  ( )5, 7, 9,11  ( )1, 2, 3, 4  

 
 

3-6 Plumbing 
6-10 Place sanitary fittings 
4-6 Plaster 
4-8 Electric wiring 
8-9 Board fitting 

9-10 main connection 
5-7 Complete roofing, carpentry 

7-10 Fit enterer doors, etc 
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Table-7: Fuzzy –decision matrix, Fuzzy weight of criteria 

                             
Criteria 
Activity 

Time 
( )7, 9, 9, 9  

Cost 
( )7, 9, 9, 9  

Risk 
( )5, 7, 9,11  

Quality 
( )5, 7, 9,11  

1 2 5 7 9− − − −  ( )15, 25, 35, 44  ( )5900, 7900, 9900,11900  ( )14, 22, 30, 38  ( )9,13,17, 21  
1 3− − 6 10−  ( )8,16, 24, 32  ( )2900, 5000, 6500, 8000  ( )7,13,19, 25  ( )8,10,14,18  

1 3 5 7 10− − − −  ( )14, 23, 32, 41  ( )6200, 8200,10200,12200  ( )14, 22, 30, 38  ( )11,15,19, 23  

1 4 6 10− − −  ( )7,13,19, 25  ( )6600, 8700,10200,11700  ( )9,15, 21, 27  ( )6, 9,12,15  
1 4 8− − − 9 10−  ( )18, 24, 30, 36  ( )5200, 7200, 9200,11200  ( )12, 20, 28, 36  ( )8,12,16, 20  

 
Table-8: Normalized Fuzzy –decision matrix 

                 
Table-9: Normalized Fuzzy –decision matrix 

 

Table-10: Distance between paths and A+  with respect to each criterion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Criteria 
Activity 

Time 
 

Cost 
 

Risk 
 

Quality 
 

1 2 5 7 9− − − −  ( )0.16, 0.2, 0.28, 0.47  ( )0.24, 0.29, 0.37, 0.49  ( )0.18, 0.23, 0.32, 0.5  ( )0.39, 0.57, 0.74, 0.91  
1 3− − 6 10−  ( )0.22, 0.29, 0.44, 0.88  ( )0.36, 0.45, 0.58,1  ( )0.28, 0.37, 0.54,1  ( )0.35, 0.43, 0.61, 0.78  
1 3 5 7 10− − − −  ( )0.17, 0.22, 0.3, 0.5  ( )0.24, 0.28, 0.35, 0.47  ( )0.18, 0.23, 0.32, 0.5  ( )0.48, 0.65, 0.83,1  
1 4 6 10− − −  ( )0.28, 0.37, 0.54,1  ( )0.25, 0.28, 0.33, 0.44  ( )0.26, 0.33, 0.47, 0.78  ( )0.26, 0.39, 0.52, 0.65  
1 4 8− − − 9 10−  ( )0.19, 0.23, 0.29, 0.39  ( )0.26, 0.32, 0.4, 0.56  ( )0.19, 0.25, 0.35, 0.58  ( )0.34, 0.52, 0.69, 0.87  

Criteria 
Activity 

Time 
 

Cost 
 

Risk 
 

Quality 
 

1 2 5 7 9− − − −  ( )1.12,1.8, 2.52, 4.23  ( )1.68, 2.61, 3.33, 4.41  ( )0.9,1.61, 2.8, 5.5  ( )1.95, 3.99, 6.66,10.01  
1 3− − 6 10−  ( )1.54, 2.61, 3.96, 7.92  ( )2.52, 4.05, 5.22, 9  ( )1.4, 2.59, 4.86,11  ( )1.75, 3.01, 5.49, 8.58  
1 3 5 7 10− − − −  ( )1.19,1.98, 2.7, 4.5  ( )1.68, 2.52, 3.15, 4.23  ( )0.9,1.61, 2.8, 5.5  ( )2.4, 4.55, 7.47,11  
1 4 6 10− − −  ( )1.96, 3.33, 4.86, 9  ( )1.75, 2.52, 2.97, 3.96  ( )1.3, 2.31, 4.23, 8.58  ( )1.3, 2.73, 4.68, 7.15  
1 4 8− − − 9 10−  ( )1.33, 2.07, 2.61, 3.51  ( )1.82, 2.88, 3.6, 5.04  ( )0.95,1.75, 3.15, 6.38  ( )1.7, 3.64, 6.21, 9.57  

Criteria 
Activity 

Time 
 

Cost 
 

Risk 
 

Quality 
 

( )1 ,f A Ad
+  6.74  6.06  8.59  6.04  

( )2 ,f A Ad
+  5.62  4.46  7.17  6.83  

( )3 ,f A Ad
+  6.58  6.17  8.59  5.51  

( )4 ,f A Ad
+  4.97  6.25  7.55  7.37  

( )5 ,f A Ad
+  6.67  5.78  8.33  4.59  
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Table-11: Distance between paths and A−  with respect to each criterion  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table-12: Distances id
+ , id

−  and icc  
 
 
 
 
 
 
 
 
 
 
 
 
 
Critical path of the fuzzy project network as per criteria using TOPSIS method is1 3− − 6 10−  
 
6. CONCLUSIONS 
 
In this paper TOPSIS method has applied to fuzzy project network to determine the critical path using several criteria. 
Trapezoidal fuzzy numbers have been used as fuzzy activity times, fuzzy cost, fuzzy quality etc. to find criticality using 
linguistic terms. To rank the critical paths in fuzzy project network, several new methods are introduced in TOPSIS 
algorithm. A numerical example related to real life problem has provided to explain the procedure of proposed TOPSIS 
method in determining critical path with different criteria. For future work, this method is applicable to 
developing a group decision support system and solving time cost trade-off problems in fuzzy environment. 
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