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Abstract. This research aims to apply a mathematical procedure of the project evaluation and review technique (PERT) in a 

neutrosophic environment. For such purpose, the elements of the three PERT estimates are considered neutrosophic elements, 

more specifically, trapezoidal neutrosophic numbers. The technique used is novel and attractive since it allows to overcome the 

limitations of the different Fuzzy PERT methods and handle indeterminacy mathematically. On this occasion, the neutrosophic 
PERT method is applied to managing a computer system development project. The PERT method made it possible to estimate 

the minimum duration of the project, the beta parameters of the duration of each activity, and the identification and calculation 

of the critical path, with the help of specialized software.  
 
Keywords: Neutrosophic trapezoidal number, Neutrosophic PERT, IT project, Critical path.

1 Introduction 

The complexity, uncertainty, and extreme competition in the economic and industrial environment in which 

companies of all kinds operate today, and the difficulties in managing their projects are the cause of new challenges 

and growing problems. Therefore, it is not weird to see projects end up in severe and costly failures, deterioration 

or questioning of their main objectives (costs, deadlines, and technical performance) and sometimes in their 

immediate abandonment. For these reasons, project management has become one of the most important topics for 

many companies in recent years. 

The word project comes from the Latin projectum of projacere, "to launch something forward." The prefix pro 

means "precedent in time" (by analogy with the Greek) and the root jacere means "to launch". Thus, the word 

"project" originally meant what is done before the launch (development, manufacture, construction) of something. 

According to [2], a project can be defined as a series of works related to achieving a goal or the development 

of a product and for which time is required. Therefore, project management seeks the planning, direction, and 

control of resources that are subject to critical activities, dependent activities, slack, and lead time. 

In their simplest form, projects are unique in that they have a single goal and a set of individual, definable and 

measurable objectives. They have a finite shelf life and are generally intended to improve or create some process. 

On the other hand, they are usually relatively complex and (because they involve the generation of change), they 

are often relatively risky. Hence the importance of its correct administration. 

It can be stated that project management is the planning, direction, and control of resources (people, equipment, 

materials) to ensure the budget control of the project, the efficient management of available resources and 

compliance with the agreed deadlines and thus guarantee an execution effective, comprehensive project.  

Project management developed from its founding phases in the 1940s and became one of the most important 

international and interdisciplinary applications. The related professional associations are active throughout the 

world and in most areas of industry and commerce. Project management practices and procedures are used in 

various applications, from agricultural projects to complex engineering projects. 

Project management is based on the following objectives. The functional performance objective and technical 

specifications for (reliability, maintainability, ease of use). The respect of a project execution deadline is an 
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important component of the expression of needs since a delay can reduce the interest of the project and, in most 

cases, lead to additional costs, in the form of a delayed penalty, in particular. 

Depending on the project's scope, the economic objective can take different forms (cost, profitability). Among 

the limitations or restrictions that must be controlled in the project, time limitations must be highlighted. These are 

the expression of the periods within which the project must be completed. 

The increasing complexity of projects worldwide has driven the growth of project management as an 

international discipline. To structure the implementation of a project, different techniques have been designed that 

allow addressing some calculations related to the management of its costs, quality, and delivery times, within these 

techniques the network planning models stand out, one of the best known is the Program Evaluation and Review 

Technique (PERT). 

From a network analysis perspective, project planning methods require the identification of data and the 

organization and typification of reciprocal relationships between activities to estimate the project execution time 

and thus carry out planning [2]. 

These methods have also been used to manage IT projects, which are designed based on a set of tasks that have 

their associated costs and delivery times. Mainly, the PERT method offers certain advantages when considering 

probable scenarios for the development of the tasks and, therefore, for fulfilling the deadlines. In addition, some 

authors consider the usefulness of the PERT method for the management of computer projects for the development 

of multipurpose software systems [5]. 

PERT method was developed to include the uncertainty in the estimates of the duration and assumes that the 

time to carry out each of the activities is a random variable described by a probability distribution. 

The original version of PERT takes into account uncertainty by using three different types of estimates of the 

duration of an activity, to obtain basic information about its probability distribution (Beta). These are the most 

probable estimate (m); optimistic estimate (o) and pessimistic estimate (p). These estimates can be identified as 

the estimate of the most probable value of the duration; the estimated duration under the most favorable conditions 

and the estimated duration under the most unfavorable conditions, respectively [9]. 

Some authors identified certain limitations in the classic PERT method. This is evidenced by the statements 

made by [6]: 

The common method of analyzing projects, classical PERT, has numerous problems such as the beta 

distribution and stochastic variables and the estimation of parameters (expected duration and variance). This has 

led researchers to seek new solutions, eg to integrate fuzzy sets with PERT and created a new approach, namely 

Fuzzy PERT or FPERT. (p.185) 

Likewise, these authors believe that the planning of the project should be carried out with greater precision 

and the results should be obtained more realistically with the help of fuzzy sets and the inclusion of opinions and 

experiences of experts [3] [6] [7] [14]. 

However, other authors believe that the theory of neutrosophic sets is more appropriate than fuzzy sets to 

model the uncertainty associated with parameters such as the duration of the activity and the availability of 

resources in PERT. This is mainly because the project manager, to determine the optimistic and pessimistic values 

of the duration of the activities, often faces uncertain, inconsistent, and incomplete information about the real 

world [11]. 

Following the above, a Neutrosophic version of the PERT method was used that allows the treatment of 

indeterminacy in the possible scenarios, to estimate the duration of the project of a computer system for the control 

of production in an Ecuadorian company. The following section addresses the theoretical elements of the classical 

and neutrosophic PERT method applied to the management of a computer project. 

For the PERT method, it is assumed that the shape of the probability distribution obtained is a beta distribution 

with mean [9] [10]: 

 

𝜇 =
𝑜+4𝑚+𝑝

6
          (1) 

and variance: 

𝜎2 = (
𝑝−𝑜

6
)
2

          (2)  

 

In recent years, according to fuzzy set theory for project management, there were different PERT methods. 

However, the existing fuzzy PERT methods have some drawbacks [2]: 

 

- A critical path cannot be found in a fuzzy project network. 

- Increase possible critical paths, which is the riskiest path. 

- Indeterminacy, which exists in real-life situations, cannot be determined. 
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In the case of PERT, time estimates vary considerably. Three-time estimates are used here, which are optimistic 

(𝑎), pessimists (𝑏), and most likely (𝑚). In practice, the question often arises as to how to obtain good optimistic 

or pessimistic estimates. Neutrosophic set theory is more appropriate than fuzzy sets, for modeling the uncertainty 

associated with parameters, such as activity duration and resource availability in PERT. By using neutrosophic set 

theory in the PERT technique, we can also overcome the drawbacks of fuzzy PERT methods [11]. 

Due to those above, we propose applying the neutrosophic sets to the project management of a computer 

system. The neutrosophic PERT method based on trapezoidal neutrosophic sets, proposed by [12], will be applied. 

This method will be implemented based on the plan of activities planned to develop a computer system proposed 

by [5]. 

2 Materials and methods 

In this section, some theoretical elements, formulas, and calculation procedures of the neutrosophic statistics 

are systematized [15-18], which will be used to estimate the project's duration using the neutrosophic PERT 

method. 

Definition 1. [1] Let 𝑋 be a space of points (objects) and 𝑥∈𝑋. A neutrosophic set 𝐴 in 𝑋 is defined by a truth-

membership function (𝑥), an indeterminacy-membership  function  𝐼𝐴(𝑥)  and  a  falsity-membership function 𝐹𝐴(𝑥).  

(𝑥), (𝑥) and (𝑥), are real standard or real nonstandard subsets of ]- 0, 1+[. That is (𝑥): 𝑋→]-0,1+[, 𝐼𝐴(𝑥): 𝑋→]-0, 

1+[ and 𝐹𝐴(𝑥):𝑋→]-0, 1+[. There is no restriction on the sum of  𝑇𝐴(𝑥),  𝐼𝐴(𝑥)  and 𝐹𝐴(𝑥), so   0− ≤ sup 𝑇𝐴(𝑥)+  sup 

𝐼𝐴(𝑥) + sup 𝐹𝐴(𝑥) ≤3+. 

Definition 2. [1] Let 𝑋 be a universe of discourse. A single valued neutrosophic set 𝐴 over 𝑋 is an object 

having the form 𝐴={〈𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)〉:𝑥∈𝑋}, where 𝑇𝐴(𝑥):𝑋→[0,1], 𝐼𝐴(𝑥):𝑋→[0,1] and 𝐹𝐴(𝑥): 𝑋→[0,1] with 

0 ≤ 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) + 𝐹𝐴(𝑥) ≤ 3 for all 𝑥 ∈ 𝑋. The intervals (𝑥), (𝑥) and (𝑥) denote the truth-membership degree, the 

indeterminacy-membership degree, and the falsity membership degree of 𝑥 to 𝐴, respectively. For convenience, 

an SVN number is denoted by 𝐴= (𝑎, b, c), where 𝑎,  , 𝑐 ∈ [0, 1] and 𝑎 + 𝑏 + 𝑐 ≤ 3. 

Definition 3. [6] Let  𝜶𝒂̃, 𝜽𝒂̃, 𝜷𝒂̃ 𝝐 [𝟎, 𝟏]  and  𝒂𝟏, 𝒂𝟐, 𝒂𝟑, 𝒂𝟒 𝝐 𝑹 such that 𝒂𝟏 ≤ 𝒂𝟐 ≤ 𝒂𝟑 ≤ 𝒂𝟒 .   Then   a   

single-valued  trapezoidal neutrosophic number, 𝒂̃ = 〈(𝒂𝟏, 𝒂𝟐, 𝒂𝟑, 𝒂𝟒); 𝜶𝒂̃, 𝜽𝒂̃, 𝜷𝒂̃〉 is a special neutrosophic set on 

the real line set R. The truth-membership, indeterminacy-membership, and falsity- membership functions of 𝒂̃, are 

given by [12]:  

 
 

𝑇𝑎̃(𝑥) =

{
  
 

  
   𝛼𝑎̃ (

𝑥−𝑎1

𝑎2−𝑎1
)         𝑖𝑓  𝑎1 ≤ 𝑥 ≤ 𝑎2

 𝛼𝑎̃               𝑖𝑓  𝑎2 ≤ 𝑥 ≤ 𝑎3           

𝛼𝑎̃ (
𝑎4−𝑥

𝑎4−𝑎3
)    𝑖𝑓  𝑎3 ≤ 𝑥 ≤ 𝑎4 

0                                𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

           (3) 

 

 

𝐼𝑎̃(𝑥) =

{
  
 

  
   

(𝑎2−𝑥+𝜃𝑎̃(𝑥−𝑎1))

(𝑎2−𝑎1)
        𝑖𝑓  𝑎1 ≤ x ≤ 𝑎2

 𝜃𝑎̃                                   𝑖𝑓  𝑎2 ≤ x ≤ 𝑎3           
(𝑥−𝑎3 + 𝜃𝑎̃(𝑎4−𝑥))

𝑎4−𝑎3
   𝑖𝑓  𝑎3 ≤ x ≤ 𝑎4 

1                                𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

          (4) 

 

𝑭𝒂̃(𝒙) =

{
  
 

  
   

(𝒂𝟐−𝒙+𝜷𝒂̃(𝒙−𝒂𝟏))

(𝒂𝟐−𝒂𝟏)
        𝒊𝒇  𝒂𝟏 ≤ 𝐱 ≤ 𝒂𝟐

 𝜷𝒂̃                      𝒊𝒇  𝒂𝟐 ≤ 𝐱 ≤ 𝒂𝟑           
(𝒙−𝒂𝟑 + 𝜷𝒂̃(𝒂𝟒−𝒙))

𝒂𝟒−𝒂𝟑
   𝒊𝒇  𝒂𝟑 ≤ 𝐱 ≤ 𝒂𝟒 

𝟏                                𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆
 

           (5) 
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where 𝜶𝒂̃, 𝜽𝒂̃ 𝐚𝐧𝐝 𝜷𝒂̃ denote the maximum truth-membership degree, minimum indeterminacy-membership 

degree, and minimum falsity-membership degree, respectively. A single-valued trapezoidal neutrosophic number 

𝒂̃ = 〈(𝒂𝟏, 𝒂𝟐, 𝒂𝟑, 𝒂𝟒); 𝜶𝒂̃, 𝜽𝒂̃, 𝜷𝒂̃〉 , according to [11],  may express an ill-defined quantity about 𝑎, which is 

approximately equal to [𝑎2, 𝑎3]. 

From the theory about the single-valued trapezoidal neutrosophic numbers, [12], they propose the theory of 

the neutrosophic PERT method, in which, they define the three-time estimates for activity duration as Optimistic 

time (𝑎̃); Pessimistic time (𝑏̃) and Most likely time, ie Mode (𝑚̃). Where𝑎̃,,̃ 𝑚̃ are trapezoidal neutrosophic numbers. 

Then, based on three-time estimates (𝑎 ̃, 𝑏 ̃, )̃, expected time and standard deviation of each activity should be 

calculated, and to do this, we should first obtain crisp values of the three-time estimates. 

To obtain the crisp values of each estimated time, we use the score function (𝑆(𝑎̃)) and accuracy function 

(𝐴(𝑎̃)), as follows [11]: 

 

𝑆𝑐𝑜𝑟𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛  𝑆(𝑎̃) = (
1

16
) [𝑎1 + 𝑎2 + 𝑎3 + 𝑎4]𝑥[𝛼𝑎̃ + (1 − 𝜃𝑎̃) + (1 − 𝛽𝑎̃)]   (6) 

𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚 𝒇𝒖𝒏𝒄𝒕𝒊𝒐𝒏  𝑨(𝒂̃) = (
𝟏

𝟏𝟔
) [𝒂𝟏 + 𝒂𝟐 + 𝒂𝟑 + 𝒂𝟒]𝒙[𝜶𝒂̃ + (𝟏 − 𝜽𝒂̃) + (𝟏 + 𝜷𝒂̃)]  

 (7) 

 

With the crisp values for each time estimated (a, m, and b), by using the score function, the expected time 

and standard deviation of each activity can be calculated by using (1) and (2), respectively. 

For the management of the computer system project, the activities proposed by [5] are shown in table 1.  

 

N. Task title 

1 Beginning of the project implementation 
2 Meeting with a customer 
3 Investigating the subject area 
4 Designing class models and basic algorithms 
5 Developing the modules of the software system 
6 Module Testing 
7 Interface design and development 
8 Testing and Debugging 
9 Presenting software to a customer 
10 Writing software documentation 
11 Project Completion 

Table 1. Tasks defined for the IT system project 

 

The temporal relationship between the activities in Table 1, represented by the project network, is illustrated 

in Figure 1. 

 

 

Figure 1. Project network. Source: [5] 

On the other hand, the trapezoidal neutrosophic numbers proposed by [12] and which are listed below will be 

applied.: 
 

1̃ = 〈(0,2,4,5));  0.8,0.6,0.4〉;  2̃ = 〈(1,3,5,6));  0.2,0.3,0.5〉; 3̃ = 〈(1,2,5,6));  0.2,0.5,0.6〉 

4̃ = 〈(1,2,5,7));  0.5,0.4,0.9〉;5̃ = 〈(2,4,7,10));  0.8,0.2,0.4〉; 6̃ = 〈(3,7,9,12));  0.7,0.2,0.5〉 
7̃ = 〈(5,8,9,13));  0.4,0.6,0.8〉;8̃ = 〈(1,6,10,13));  0.9,0.1,0.3〉; 9̃ = 〈(6, 8,10,15));  0.6,0.4,0.7〉 

10̃ = 〈(1, 6,11,15));  0.7,0.6,0.3〉; 11̃ = 〈(5, 8,15,20));  0.8,0.2,0.5〉; 12̃ = 〈(4, 8,17,25));  0.3,0.6,0.4〉 
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The elements exposed up to here were applied in correspondence with the working algorithm proposed by [12]: 

‗ We considered three-time estimates of the PERT technique as a single-valued trapezoidal 

neutrosophic number to deal with uncertain, inconsistent, and incomplete information about activity 

time. 

‗ Calculate membership functions of each single-valued trapezoidal neutrosophic number, using 

equations 1, 2, and 3. 

‗ Obtain the crisp model of PERT three-time estimates using the score function equation as we 

illustrated previously. 

‗ Use crisp values of three-time estimates to calculate the expected time and standard deviation of each 

activity. 

‗ Draw a PERT network diagram. 

‗ Determine floats and critical path, which is the longest path in the network, as we illustrated previously 

with details. 

‗ Calculate the expected time and variance of the critical path. 

‗ Determine expected project completion time. 

 

2 Results 

 

From the application of the trapezoidal neutrosophic numbers listed at the end of the previous section, the 

duration of the computer system project activities was determined, which are shown in Table 2. 

 

 

N Task title 
Duration (days) 

𝑎  𝑚  𝑏  

1 
Beginning of the project 

implementation 
0 0 0 

2 Meeting with a customer 〈(0,2,4,5); 0.8,0.6,0.4〉 〈(1,3,5,6); 0.2,0.3,0.5〉 〈(1,2,5,6); 0.2,0.5,0.6〉 

3 Investigating the subject area 〈(1,2,5,6); 0.2,0.5,0.6〉 〈(1,2,5,7)); 0.5,0.4,0.9〉 〈(2,4,7,10); 0.8,0.2,0.4〉 

4 
Designing class models and basic 

algorithms 
〈(1,2,5,6); 0.2,0.5,0.6〉 〈(2,4,7,10); 0.8,0.2,0.4〉 〈(3,7,9,12); 0.7,0.2,0.5〉 

5 
Developing the modules of the 

software system 
〈(1,6,10,13); 0.9,0.1,0.3〉 〈(6,8,10,15)); 0.6,0.4,0.7〉 〈(4, 8,17,25) 0.3,0.6,0.4〉 

6 Module Testing 〈(2,4,7,10); 0.8,0.2,0.4〉 〈(5,8,9,13); 0.4,0.6,0.8〉 〈(6, 8,10,15); 0.6,0.4,0.7〉 

7 Interface design and development 〈(1,3,5,6); 0.2,0.3,0.5〉 〈(1,2,5,7); 0.5,0.4,0.9〉 〈(2,4,7,10); 0.8,0.2,0.4〉 

8 Testing and Debugging 〈(1,2,5,6); 0.2,0.5,0.6〉 〈(1,2,5,7)); 0.5,0.4,0.9〉 〈(3,7,9,12); 0.7,0.2,0.5〉 

9 Presenting software to a customer 〈(0,2,4,5); 0.8,0.6,0.4〉 〈(1,3,5,6); 0.2,0.3,0.5〉 〈(1,2,5,6); 0.2,0.5,0.6〉 

10 Writing software documentation 〈(1,3,5,6); 0.2,0.3,0.5〉 〈(1,2,5,6); 0.2,0.5,0.6〉 〈(2,4,7,10); 0.8,0.2,0.4〉 

11 Project Completion 0 0 0 

 

Table 2. Input data for neutrosophic PERT 

Using the scoring function (6), the estimated times for each activity were obtained, shown in Table 3, together 

with the immediate predecessors of each activity. 

 

N. Task title Immediate Predecessors (Activity number) 
Duration (days) 

a m b 
1 Beginning of the project implementation - 0 0 0 
2 Meeting with a customer 1 1.31 0.96 1.31 
3 Investigating the subject area 1 1.12 3.16 1.12 
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4 Designing class models and basic algorithms 2.3 3.16 3.87 3.16 
5 Developing the modules of the software system 4 3.66 4.39 3.66 
6 Module Testing 5 2.19 3.66 2.19 
7 Interface design and development 5 1.12 3.16 1.12 
8 Testing and Debugging 6.7 1.12 3.87 1.12 
9 Presenting software to a customer 8 1.31 0.96 1.31 

10 Writing software documentation 8 0.96 3.16 0.96 
11 Project Completion 9.10 0 0 0 

Table 3. Three-time estimated crisp numbers for activities  

 

By applying (1) and (2), the meantime and the variance of the duration of the activities were obtained. In figure 

2, the project network is shown with the estimated average times of each activity. 

Figure 2. Estimated time network 

Applying specialized software for project management, it was possible to estimate a minimum duration for 

the computer system development project of 19.86 days. Likewise, the critical path shown in figure 3 could be 

obtained. 

 
 

Figure 3. Project Critical path 

As can be seen in Figure 3, the critical activities of the project, ie those that significantly affect the completion 

of this project, are the following: Investigating the subject area; Designing class models and basic algorithms; 

Developing the modules of the software system; Module Testing; Testing and Debugging and Writing software 

documentation. 

Conclusions 

With the application of the neutrosophic PERT method, it was possible to calculate the estimated time of 

completion of the project (19.81 days), from indeterminate values of the three classical times of the PERT method. 

This was made possible by applying for trapezoidal neutrosophic numbers. This type of number allows handling 

4 components for each time and their respective functions of belonging to the specified sets. Hence it is important 

for project management, in inconsistent or ambiguous information environments. 

The neutrosophic PERT method is a very useful tool, which can be generalized to any type of project that you 

want to manage or undertake, although it can be stated that it has proven efficiency in the management of computer 

projects, in which vagueness tends to abound. When estimating the completion of a task, due to the complexities 

inherent in the art of programming. 

Although the problem of software development is widely discussed in academic articles, some specific issues 
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related to the management of software development projects may be of interest for future research. 
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