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Abstract 
 

Many software development projects encounter 
problems related to over- or under-estimation of effort. 
Accurate effort estimation is crucial for successful 
project management, but it can be challenging when 
resources are limited, and little is known about the 
project. The commonly used method for effort estimation 
is Use Case Points (UCP), which is mainly used for 
application-based objects and takes use cases as input. 
However, UCP has weaknesses, particularly in the high 
variation of weight factor values for Unadjusted Use 
Case Weight (UUCW). To address this problem, Fuzzy 
Use Case Points (FUCP), which is a combination of 
fuzzy logic and use case points, can be used. By 
applying fuzzy logic to the UUCW category, FUCP 
derives new weight factor values for UUCW. The 
implementation of FUCP to calculate effort estimation in 
ten government-based projects in this research has 
shown that FUCP yields the closest value to the actual 
effort required. It has also been demonstrated that 
FUCP outperforms UCP in terms of accuracy, with an 
improvement of 6.51%. 
 
Keywords: effort, estimation, fuzzy, use case points

 

 

1. Introduction 

One of the most important stages in building or developing software is 

the planning stage. During this stage, effort and resource estimation, human 

resources, materials, infrastructure, time, and budget must be taken into 

account (Kurniawan et al., 2013). The problem that is often encountered in 

software development projects is overestimation or underestimation. 

Overestimation can lead to unnecessary allocation of resources, while 

underestimation can indirectly reduce the quality of the product due to lower 

costs, resulting in software that does not meet standards. Both of these 

problems indicate that estimation is an important factor that must be carefully 

considered before starting a software development project (Ziauddin et al., 

2013). 

mailto:rakhmi.khalida@dsn.ubharajaya.ac.id
mailto:rakhmi.khalida@dsn.ubharajaya.ac.id
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Although estimates may not always produce highly accurate results, 

these inaccuracies can be minimized by using evaluation methods that are 

tailored to the project being estimated. Effort estimation is an activity that is 

performed to predict or forecast the number of workers needed and the time it 

will take to complete the project (Vishal Sharma & Verma, 2010). 

The methods used for effort estimation are Function Points and Use 

Case Points. The Function Points method has the advantage of not depending 

on the programming language and can be applied to different types of 

applications  (Sholiq et al., 2019). This approach is also more predictable 

because its parameters are calculated based on the number of inputs and 

outputs. The Use Case Points (UCP) method is widely used in object-based 

applications. Estimating software projects using UCP is easy to use in complex 

software environments. The UCP method provides an estimate of the effort 

(person-hours) required to create a project. UCP method is valuable in the 

context of early size measurement and estimation of effort (Garg et al., 2014). 

UCP estimation does not relate to the estimation of the cost factor, 

because the UCP has weaknesses, which is high difference among the value of 

weight factor of UUCW. In order to overcome the abovementioned problem, 

Fuzzy use case points (FUCP) which is the combination between fuzzy logic 

and use case points, can be used (Alostad et al., 2017). 

This research has contributions to make effort estimation more accurate 

without increasing the time and money spent and simplifying effort estimation 

methods without compromising their accuracy.  

 

2. Research Method 

The concept of fuzzy use case points is created by expanding the UCP 

method with Mamdani-type fuzzy logic (Ashita Malik et al., 2013). It is also used 

for estimating project effort, offering more varied value estimates, and 

investigating the causal relationship between UCP and FUCP using an 

evaluation effort estimation model. The research methodology stages are 

illustrated in Figure 1. 
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Source: Research Result (2023) 

Figure 1. Research Method 

Starting from data obtained from data collection techniques, namely 

technical factors, environmental factors, use case diagrams, and actual effort. 

The second stage, to analyze the use case diagram, actor and use case 

become important things that are analyzed in this phase. When analyzing the 

use case diagram, actor and use case would be the reference for the 

calculation of effort estimation. Actor and use case analysis can then provides 

values to variables estimated calculation effort. The third stage calculating effort 

estimation using UCP and FUCP. When doing calculations using FUCP effort 

estimation, there is a fuzzy influence on the calculation effort estimation. The 

final stage is the evaluation of effort estimation methods. Activities such 

measurements are compared with FUCP and UCP method. Activities such 

evaluation will produce the best methods that appear to approach the value of 

actual effort. 

2.1. Effort 

As the name suggests, ‘effort’ is the number of work units that is vital to 

complete an activity. In simple terms, it is the number of hours we put in, 

focused on a particular task, to get a certain job done. Effort has to do with how 

hard you're trying. If something is easy, it doesn't take much effort. If it's hard, it 

takes a lot of effort.  Effort estimation is predict the real work in completing the 
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project by reviewing the schedule, project size, even the project risk will be 

borne (Reddy et al., 2011). The common methods used for effort estimation is 

use case points and fuzzy use case points. 

Actual effort is the amount of time needed by programmers in completing 

the project, starting from the stage of planning, analysis, design to 

implementation. Column person, working days, and working hours these, three 

things next will be the reference to get the actual effort of a software 

development project (Hariyanto & Wahono, 2015). The formula for calculating 

the actual effort is as follows: 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑒𝑓𝑓𝑜𝑟𝑡 =  ∑ 𝑝𝑒𝑟𝑠𝑜𝑛 −  ∑ 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑑𝑎𝑦𝑠 ∗ 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 (1) 

2.2. Use Case Points 

Use Case Points is a method of effort estimation in software 

development. The concept of UCP is based on the requirements for the system 

being written using use cases diagram. The UCP concept is based on use case 

diagrams for the system requirements created. The value of the UCP system is 

obtained by a person assessing the complexity of the actor. The use case is 

adjusted to two types of technical factors, namely those that characterize the 

development environment and the technical complexity of the system being 

developed (Iraji et al., 2012). The UCP is detailed as follows (Nassif et al., 

2011): 

a. In UCP, actors are weighted with standard Unadjusted Actor Weights (UAW) 

values: actors are classified as simple, average, or complex. A weight is 

assigned to each category as follows: 

1) Simple actors (SA) have a value weight of 1. Actors are usually described 

as other systems via an API. 

2) The average actor (AA) has a value of 2. Actors are described as systems 

that interact through a text-based user interface or protocol. 

3) Complex actors (CA) have a value of 3. Complex actors are described as 

systems that interact through a graphical user interface (GUI). 

The UAW is calculated as: 

𝑈𝐴𝑊 = (∑ 𝑆𝐴 ∗ 1) + (∑ 𝐴𝐴 ∗ 2) + (∑ 𝐶𝐴 ∗ 3)      (2) 
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b. Unadjusted Use Case Weight (UUCW): Use cases have categories based on 

the number of transactions in the success and alternative scenarios. A weight 

is assigned to each category as follows : 

1) Simple Use Case (SU) Its weight is 5. A use case is classified as Simple if  

2) the number of transactions is ≤ 3.  

3) Average Use Case (AU) Its weight is 10. A use case is classified as 

Average if the number of the transactions is between 4 and 7.  

4) Complex Use Case (CU) Its weight is 15. A use case is classified as 

Complex if the number of transactions is more than 7.  

The UUCW is calculated as : 

𝑈𝑈𝐶𝑊 =  (∑ 𝑆𝑈 ∗ 1) + (∑ 𝐴𝑈 ∗ 2) + (∑ 𝐶𝑈 ∗ 3)   (3) 

5) The sum of the UAW and UUCW values is the Unadjusted Use Case 

Points (UUCP) value. This is described as : 

𝑈𝑈𝐶𝑃 = 𝑈𝐴𝑊 + 𝑈𝑈𝐶𝑊       (4) 

c. Technical Complexity Factor (TCF): Factors that influence success and 

contribute to project complexity. The technical complexity factor (TCF) is 

calculated as follows: 

𝑇𝐶𝐹 =  𝐶1 +  𝐶2 ∑ 𝑇𝐹13
𝑖=1        (5) 

The TCF weight factor are depicted in Table 1. Where C1 = 0.6, C2 = 0.01 

and TF is a factor that takes values between “0” and “5”. The value “0” 

means the factor is irrelevant while the value “5” is essential. The value “3” 

means that the factor is not very essential, neither irrelevant (average). For 

instance, if all the factors have a value of “3”, the TCF will be 1. 

Table 1. Technical Complexity Factor (TCF) 

No Factor contributing to complexity Weight 

T1 Distributed systems 2 

T2 Response time or through put performance Objectives 1 

T3 End user online efficiency 1 

T4 Complex internal processing 1 

T5 Reusability of code 1 

T6 Easy installation 0.5 

T7 Ease of use 0.5 

T8 Portability 2 

T9 Ease of change 1 
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No Factor contributing to complexity Weight 

T10 Concurrency 1 

T11 Special security objective includes 1 

T12 Direct access for thrid parties 1 

T13 Special user training required 1 

Source: Research Result (2023) 

d. Environmental Complexity Factor (ECF): Factors that affect and contribute to 

team efficiency and productivity. The environmental factors are presented in 

Table 2. The environmental complexity  factor (ECF) is calculated as follows: 

𝐸𝐶𝐹 =  𝐶1 + 𝐶2  ∑ 𝐸𝐹8
𝑖=1        (6) 

Table 2. Environmental Complexity Factor (ECF) 

No Factor contributing to complexity Weight 

E1 Familiarity with system development process being used 1.5 

E2 Application experience 0.5 

E3 Object-oriented experience 1.0 

E4 Lead analyst capability 0.5 

E5 Motivation 1.0 

E6 Requirements stability 2.0 

E7 Part time staff -1.0 

E8 Difficulty of programming language -1.0 

Source: Research Result (2023) 

Where C1 = 1.4, C2 = -0.03 and this factor EF environmental has a weight 

which is equivalent to the EF of the technical factor (i.e. between 0 and 5). 

e. Use Case Points (UCP), which is an estimation method for making software 

and measuring the size of the software using use cases. The value of 

technical factors such as TCP and technical quality and environmental 

complexity factor (ECF) of development resources and environmental factors 

have been obtained, then the UCP can be calculated. UCP is calculated as 

follows: 

𝑈𝐶𝑃 = 𝑈𝑈𝐶𝑃 ∗ 𝑇𝐶𝐹 ∗ 𝐸𝐶𝐹      (7) 

if the value of all technical factors is 5, then the maximum value of TCF is 

1.3. If a project has high complexity and low team efficiency, then the risk of 

project failure will be high. Typically, taking technical and environmental 

factors into account, an adjusted use case (UCP) point value will be 30% 

more or less than an unadjusted use case points (UUCP). 
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f. Effort is a technique to change value of UCP into value in the form person 

man hours (PHM). UCP effort illustrates size of the workforce required in 

hours. UCP effort can be calculated after UCP results have been obtained. 

PHM value is influenced by the Environmental Complexity Factor in UCP. 

Environmental Complexity Factor (ECF) on UCP can be seen in Table 2. 

Value PHM obtained by the following rules: 

𝑊1 =  𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 𝐸1 𝑡𝑜 𝐸6 𝑤ℎ𝑖𝑐ℎ ℎ𝑎𝑠 𝑎 𝑣𝑎𝑙𝑢𝑒 < 3 

𝑊2 =  𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 𝐸7 𝑡𝑜 𝐸8 𝑤ℎ𝑖𝑐ℎ ℎ𝑎𝑠 𝑎 𝑣𝑎𝑙𝑢𝑒 >  3 

If 𝑊1 +  𝑊2 ≤  2 then 𝑃𝐻𝑀 =  20 

If 𝑊1 +  𝑊2 =  3 𝑜𝑟 4 then 𝑃𝐻𝑀 =  28 

If 𝑊1 +  𝑊2 >  4 then the project should be canceled 

UCP effort calculation with the following formula: 

𝐸𝑓𝑓𝑜𝑟𝑡 = 𝑈𝐶𝑃 ∗ 𝑃𝐻𝑀       (8) 

Description : 

UCP = Use Case Point 

PHM = Person Man Hours 

2.3. Fuzzy Inference System 

 The concept of fuzzy logic was introduced by Lotfi Zadeh, Prof. of 

University of California at Berkeley in 1965. Fuzzy inference system is 

computing systems that work on the basis of the principle of fuzzy reasoning 

(Maleki et al., 2014). Fuzzy inference system can perform reasoning with similar 

principles such as human reasoning on instinct (Iraji et al., 2012). There are 

several types of Fuzzy Inference System (FIS) are recognized Mamdani, 

Sugeno and Tsukamoto. FIS is the easiest to understand. because it suits 

human instincts (Reddy et al., 2011). 

2.4. Fuzzy Use Case Points 

 The FUCP method is an extension of the UCP method that incorporates 

Mamdani-type fuzzy logic to calculate project effort estimates. This method 

allows for a wider range of estimated effort values and can be used to 

investigate the relationship between UCP and FUCP using an evaluation effort 

estimation model (Nwaiwu & Oluwadare, 2016). 
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 Essentially there is no difference in the step of the process calculating 

the estimate project effort using fuzzy use case points with using use case 

points, that the difference is the weight factor when looking for value 

classification UUCW transaction use case. Using the same data that is value 

UAW, TCF, and ECF use the value obtained by using use case points. Do the 

calculation of estimated effort using fuzzy use case points. Only one category 

given the influence of fuzzy logic, namely weighting factor UUCW while other 

categories of data processed using the appropriate method of use case points. 

2.5. Evaluation Effort Estimation 

 Evaluation effort estimation is a comparison was conducted that predict 

software effort estimation from use cases which are the UCP and FUCP method 

(Nassif et al., 2011). Evaluation model effort estimation used to perform 

analysis of the correlation that is Root Mean Square Error (RMSE), R square, 

adjusted R square and Spearman’s rank order correlation which is a very 

common criterion used to evaluate the software effort estimation model 

(Hariyanto & Wahono, 2015). 

 When using Root Mean Square Error (RMSE) to evaluation between 

actual with estimation, good results are shown with a low value. Specifically for 

R square and adjusted R square to be good models if the indicator measuring 

goodness of fit models’ high value or closer to 1. If the value of one variable is 

high, then the value of the other variable will be low and vice versa. In the 

Spearman rank-order correlation it is called a monotone relationship. In Table 3 

shows the evaluation formula was conducted on four different criteria, these 

include R square, adjusted R square, RMSE and Spearman’s rank-order 

correlation (Hariyanto & Wahono, 2015). 

Table 3. Model Evaluation for Effort Estimation  

Model Evaluation Formula 

R Square 𝑅2 = 1 − 
𝑆𝑆𝑅

𝑆𝑆𝑇
= 1 −  

∑(𝑦̂𝑖 −  𝑦̅)

∑(𝑦𝑖 − 𝑦̅)
 

Adjusted R Square 𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅 𝑠𝑞𝑢𝑎𝑟𝑒 = 1 −  
(1 − 𝑅2) − (𝑁 − 1)

𝑁 − 𝑀 − 1
 

RMSE 𝑅𝑀𝑆𝐸 = √
∑(𝐴𝑐𝑡𝑢𝑎𝑙 𝑒𝑓𝑓𝑜𝑟𝑡 − 𝐸𝑓𝑓𝑜𝑟𝑡 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑜𝑛)2

𝑛
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Model Evaluation Formula 

Spearman’s Rank 𝜌 = 1 −
6∑𝑑𝑖

2

𝑛(𝑛2 − 1)
 𝑜𝑟 𝜌 =

∑𝑖(𝑥𝑖 − 𝑥̅)(𝑦𝑖 − 𝑦̅)

√∑𝑖(𝑥𝑖 − 𝑥̅)2∑𝑖(𝑦𝑖 − 𝑦̅)2
 

Source: Research Result (2023) 

 

3. Results and Analysis 

3.1. Use Case Diagram 

A use case diagram is composed of use cases and actors, which 

describe the system's capabilities. This diagram is used to identify the business 

processes of the system. Once the actors that play a role in the system are 

identified, the processes that can be performed using the system are 

determined and illustrated in a use case diagram. 

The Assessment Library Website development project is used as an 

example in this study. Figure 2 shows the main page of the Assessment Library 

Website, while Figure 3 displays the use case diagrams of the website. 

 

Source: Research Result (2023) 

Figure 2. Main Page Assesment Library Website 
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Source: Research Result (2023) 

Figure 3. Use Case Diagram Assesment Library Website 

 

3.2. Use Case Points 

Based on Figure 3, the use case diagram for the Assessment Library 

Website consists of three actors and eight use cases. The actors on the use 

case diagram will be used as the variable Unadjusted Actor Weight (UAW), and 

the UAW for the Assessment Library Website is shown in Table 4. Similarly, the 

use cases on the use case diagram will be used as the variable Unadjusted Use 

Case Weight (UUCW), and the UUCW for the Assessment Library Website is 

shown in Table 5.  

Table 4. UAW Value Assesment Library Website 

Actor 

Type 

Description Weighting 

Factor 

Number Result 

Simple External System with well-defined API 1 0 0 

Average External system using a protocol based 

interface 

2 0 0 

Complex Human 3 3 9 

Unadjusted Actor Weight (UAW) 9 

Source: Research Result (2023) 
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Table 5 shows the UUCW values for the Assesment Library Website 

project, including the actor type, description, weighting factor, number, and 

resulting value. 

Table 5. UUCW Value Assesment Library Website 

Actor Type Description Weighting Factor Number Result 

Simple 1-3 transaction 5 5 25 

Average 4-7 transaction 10 2 20 

Complex > 7  transaction 15 1 15 

Total 60 

Source: Research Result (2023) 

Unadjusted Use Case Points (UUCP) value is the result of the UAW 

value added by UUCW. Based on formula number 4, UUCP value of 

Assesment Library Website is 69.  Calculating the value of technical factors to 

obtain the value of TCP. Based on formula number 5, TCF value of Assesment 

Library Website is 1.17.  Calculating the value of environment factors to obtain 

the value of Environment Complexity Factor (ECF). Based on formula number 

6, ECF value of Assesment Library Website is 0,67.  

UUCP, TCF and ECF value used to calculate UCP. Based on formula 

number 7, UCP value of Assesment Library Website is 54.0891 ≈ 54.09. Based 

on ECF of Assesment Library Website, PHM value is 20. UCP effort can be 

calculated after UCP and PHM results have been obtained. Based on formula 

number 8, UCP effort  value of Assesment Library Website is 1081.79 ≈ 1082 

hour. 

3.3. Fuzzy Use Case Points 

Using the same data from the Assesment Library Website, UAW, TCF, 

and ECF value use the value obtained by using use case points. Only one 

category given the influence of fuzzy logic, namely weighting factor UUCW 

while other categories of data processed using the same method of use case 

points. UUCW value for the Assesment Library Website using fuzzy logic 

influence can be seen in Table 6. UUCW value combined with fuzzy called 

FUUCW. 
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Table 6. FUUCW Value Assesment Library Website 

No Use Case Type of Transaction Weighting Factor Value 

1 Login 3 5,70 5,70 

2 Upload PDF 7 10,30 10,30 

3 Upload Link 4 6,72 6,72 

4 Sign up 10 13,70 13,70 

5 Sign in 3 5,70 5,70 

6 Read PDF 1 4,79 4,79 

7 Upload PDF 1 4,79 4,79 

8 Read Government Regulation 1 4,79 4,79 

Total 56,49 

Source: Research Result (2023) 

Unadjusted Use Case Points (FUUCP) value is the result of the UAW 

value added by FUUCW. Based on formula number 4, FUUCP value of 

Assesment Library Website is 65,49. Using the same data from the value 

obtained by using use case points, UAW, TCF, and ECF and then value of 

FUUCP, TCF and ECF value used to calculate FUCP. Based on formula 

number 7, FUCP value of Assesment Library Website is 51.337611 ≈ 51.34. 

Based on ECF of Assesment Library Website, PHM value is 20. FUCP effort 

can be calculated after FUCP and PHM results have been obtained. Based on 

formula number 8, FUCP effort  value of Assesment Library Website is 1026.76 

≈ 1027 hour. 

3.4. Actual Effort 

Actual effort value is the amount of time required by the programmer in 

completing the project, starting from the stage of planning, analysis, design to 

implementation. On the Assesment Library Website has a person is two people, 

working days Assesment Library Website is 101 days and do the project for five 

hours each day. Based on formula number 1 actual effort  value of Assesment 

Library Website is 1010 hours. 

3.5. Evaluation Model for UCP Method 

A comparison is performed between UCP method with actual effort. The 

implementation of UCP to calculate effort estimation in projects used in this 

research has shown that UCP has RMSE is 699,4. Display train data with a 
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fitted polynomial, degree is one, and 95% prediction bounds intervals. Figure 3 

shows the evaluation result of UCP method and actual effort.  

 

Source: Research Result (2023)  

Figure 4. Polynomial Graph UCP Method Versus Actual Effort 

3.5. Evaluation Model for FUCP Method 

A comparison is performed between FUCP method with actual effort. 

The implementation of FUCP to calculate effort estimation in projects used in 

this research has shown that FUCP has RMSE is 547.1. Display train data with 

a fitted polynomial, degree is one, and 95% prediction bounds intervals. Figure 

4 shows the evaluation result of FUCP method and actual effort.  

 

Source: Research Result (2023)  

Figure 5. Polynomial Graph FUCP Method Versus Actual Effort 
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4. Conclusion 

In this study that applying fuzzy logic to this use case points in the 

UUCW category provides a significant improvement in the accuracy of ffort 

estimation. The implementation of FUCP to calculate effort estimation in ten 

projects goverment used in this research and it has shown that FUCP has the 

closest value to the actual effort. It is also demonstrated that FUCP outperforms 

UCP in terms of accuracy by 6.51 % improvements based on adjusted R square 

and low value of RMSE the closer to the value actual effort. The correlation 

calculation effort estimation between UCP and FUCP method with actual effort 

is FUCP method gives good results for effort estimation in software 

development projects because FUCP has smaller RMSE is 547.1 than UCP has 

699,4. A low value indicates that the effort estimation method approaches the 

accuracy of the actual value effort. 
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