
 
Journal of Advanced Research in Applied Sciences and Engineering Technology 62, Issue 1 (2026) 187-197 

 

187 
 

 

Journal of Advanced Research in Applied 
Sciences and Engineering Technology 

 

Journal homepage: 
https://semarakilmu.com.my/journals/index.php/applied_sciences_eng_tech/index 

ISSN: 2462-1943 

 

Green Computing Innovation Index Measurement Using Fuzzy Inference 
System for Young Inventors 

 
Thinesswaran Muniandy1, Ahmad Nurzid Rosli1,*, Suhazlan Suhaimi1, Asma Hanee Ariffin1, Suliana 
Sulaiman1, Mohd Helmy Abd Wahab2 
 
1 Faculty of Computing and Meta-Technology, Universiti Pendidikan Sultan Idris, 35900 Tanjong Malim, Perak, Malaysia 
2 Universiti Tun Hussein Onn Malaysia, Persiaran Tun Dr. Ismail, 86400 Parit Raja, Johor, Malaysia 
  

 ABSTRACT 

 
Green Computing Innovation (GCI) aims to address the negative effects of traditional 
computing on the environment and promote sustainable practices in computing. 
Subsequently, the Green Computing Innovation Index (GCII) was used to measure young 
inventors' inventiveness to evaluate from green computing perspectives. Nonetheless, 
one of the most significant challenges evaluators face in the measurement process 
includes uncertainty and imprecise data in measuring the young inventors' green 
computing innovation. Thus, this paper measures the Green Computing Innovation 
Index (GCII) with a novel approach utilizing Fuzzy Inference System (FIS) with the 
Mamdani method. The study measures the top 10 young inventors' innovations from 
the Faculty of Computing and Meta-Technology, UPSI. Fuzzy Inference System will assist 
in providing improved decision-making solutions for evaluators to prevent any 
uncertainty and subjectivity during the evaluation process. The development of FIS is 
based on four key innovation elements. It uses a triangular membership function with 
Centroid, Middle of Maximum (MOM), Smallest of Maximum (SOM), Bisector and 
Largest of Maximum (LOM) methods for defuzzification. The centroid defuzzification 
method is observed to perform better than other defuzzification methods. It is due to 
the fact that the adopted defuzzification approach is equally sensitive to all key 
innovation criteria inputs and can truly represent the minor change in the values of any 
parameters across all products. The centroid method was found to be the most efficient 
for decision-making, providing precise results with the ability to detect discrepancies as 
small as 0.001. Thus, the centroid method can improve decision-making efficiency, 
leading to fairness in selecting the best green computing innovation product. 
Ultimately, GCII rating contribute mainly on encouraging young inventors to innovate 
and promote sustainable practices in innovations. 
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1. Introduction 
 

Green computing is the study and practice of efficiently designing, using, disposing, and 
manufacturing Information Technology (IT) equipment with little or no negative environmental 
impact [1, 2]. One of the most significant issues the global IT industry has dealt with in recent years 
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is the best way to utilize technology without affecting the environment. Based on [3], it estimates 
that the carbon emissions of the IT industry account for 2% of global carbon emissions. As a result, 
several businesses all over the globe have adopted green computing approaches and successfully 
lowered their carbon footprints to 30–90% [4]. Due to the fact that not all sectors can implement 
such initiatives, this transformation is still a significant problem for the IT sectors to adopt [5]. 
Therefore, innovation in green computing, known as Green Computing Innovation (GCI), is essential 
in solving these environmental problems. 

Furthermore, young inventors refer to people (children or adolescents) involved in invention [6]. 
We focus specifically on young inventors in higher education institutions because they are at the 
forefront of this GCI, as they develop new and creative ways of innovations to reduce the carbon 
footprint of IT equipment and processes [7, 8]. This age range is significant as it covers a critical period 
where young people acquire knowledge and skills that can influence their behavior and decision-
making in the future [9, 10]. Furthermore, this age range also includes individuals currently enrolled 
in higher education institutions, where they can develop and showcase their innovative ideas through 
various academic activities, such as Final Year Projects (FYP) and innovation competitions. 

For instance, The World Youth Report highlighted and recognized a number of young people's 
socially transformative innovations [11]. Consequently, encouraging youth innovativeness has grown 
increasingly over the last ten years. In addition, it inspires millions of young people worldwide to 
participate in scientific fairs funded by the government and industry [12]. Ultimately, these efforts 
have the potential to significantly contribute to achieving the Sustainable Development Goals (SDGs) 
and mitigating the negative impacts of climate change. 

Moreover, since GCI are multifaceted and dependent on various factors, we come out with a 
rubric previously developed that will be used as input scores for evaluation. In this research, the GCI 
focuses on four key innovation elements: collaboration, ideation, implementation, and value creation 
[13]. These four key innovation elements are associated with three main green computing 
approaches. The green computing approaches are design, usage, and disposal [14]. However, the 
challenge of accurately measuring the Green Computing Innovation Index (GCII) based on these 
factors highlights the need for a fuzzy inference system. 

Therefore, we employ fuzzy inference systems that are capable of handling subjective and vague 
input by measuring GCII as the final score. Furthermore, this method can prevent biases among 
evaluators, such as different points of view and opinions in rating GCII, as FIS also capable of 
mimicking human logical sense [15-17]. Thus, FIS is developed in this study to assist in the decision-
making process made by evaluators in measuring GCII. Additionally, we compared several 
defuzzification methods, including the Centroid, Middle of Maximum (MOM), Smallest of Maximum 
(SOM), Bisector and Largest of Maximum (LOM) methods [18]. These methods are employed to 
obtain crisp output values from the fuzzy output sets generated by the FIS. By comparing the results 
obtained from these defuzzification methods, we aim to determine the most suitable method for 
measuring GCII reliably and accurately. 

The objective of this study is to develop a novel approach, the Green Computing Innovation Index 
(GCII), using the Fuzzy Inference System (FIS) with the Mamdani method, to provide a precise rating 
system for measuring young inventors' innovations from green computing perspectives. The study 
aims to address the challenges faced by evaluators in the measurement process, such as uncertainty 
and imprecise data. Additionally, the GCII rating system allows inference to be performed in a more 
natural way using linguistic variables rather than numerical values and method handling multiple 
attributes. The study's ultimate goal is to encourage young inventors to innovate and promote 
sustainable practices in computing by improving decision-making efficiency and providing fair and 
precise results. 
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This paper is structured as follows: Section 2 outlines our research methodology, which utilizes 
fuzzy inference systems to rate GCII. Section 3 presents our findings and discussion. Finally, in Section 
4, we provide our conclusions about this research. 
 
2. Methodology  
 

Fuzzy logic is a set of mathematical principles for representing knowledge based on degrees of 
membership. Fuzzy logic has more than two values, unlike Boolean logic. It is concerned with 
membership and truth degrees [19-21]. Fuzzy logic employs a logical value scale ranging from 0 
(completely false) to 1 (completely true). The renowned paper "Fuzzy Sets" by Lotfi Zadeh was 
published in 1965 [22,23]. Zadeh's work on possibility theory was extended into a formal system of 
mathematical logic, and he introduced a new concept for using natural language terms. Fuzzy logic 
[22, 23] was called to this new logic for representing and manipulating fuzzy terms. 

A fuzzy inference system (FIS) utilizes fuzzy logic to map an input space to an output space. A FIS 
attempts to formalize human language reasoning using fuzzy logic (by constructing fuzzy IF-THEN 
rules). The FIS converts a set of numerical variables (i.e., crisp variables) to a set of fuzzy variables. It 
is accomplished through the execution of a set of logical rules and linguistic variables. The FIS's core 
rules are organized in the "IF-THEN" format. The input must be fuzzified before applying these rules, 
and the conversion is calculated using membership functions [24]. Membership functions are 
mathematical functions that demonstrate where an element meets into a fuzzy set [25]. There are 
many different types of membership functions like trim, trap me, belief, Gaussmf, Gauss2mf etc., 
[26] for the development of FIS. Finally, the defuzzification method converts the fuzzified value to a 
crisp value. 

In this study, the Green Computing Innovation Index was calculated using the Mamdani method 
by following the procedure shown in the flowchart in Figure 1. 
 

 
Fig. 1. Process flow diagram of FIS for measuring GCII 
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 2.1 Input Data 
 

This paper uses four key innovation elements incorporated with three GCI variables to find Green 
Computing Innovation Index. The membership function is adopted from the Green Computing 
Innovation Rubric, developed previously with the domain experts. The details of all input parameters 
are as follows: 
 
2.1.1 Collaboration 
 

In the present study, collaboration is examined with three criteria. Each criterion holds the same 
level of weight of 5%. The first criterion is collaborators are evaluated based on their ability to 
collaborate internally, nationally, and internationally [27]. Second, the effectiveness of collaborative 
mediums in facilitating communication and cooperation among team members or external parties 
was assessed [28]. Finally, problem-solving strategies were evaluated based on their originality, 
creativity, and effectiveness in identifying and addressing challenges presented by the innovation 
[29]. 
 
2.2.2 Ideation 
 

In this research, ideation is defined as a process for generating unique and fresh ideas that can 
benefit both the individual and the wider community [30]. The first criterion of ideation is the 
creation of ideas with a weight of 5%, evaluated based on the ability to identify creative solutions to 
problems and generate new ideas that meet specific requirements. Next, an ideation design with a 
weight of 10% was required to design a plan that meets the criteria, constraints, and intent of the 
problem [31]. 
 
2.2.3 Implementation 
 

Implementation innovation elements consist of three criteria with contributing weight of 10% 
each. First, the potential commercialization was assessed based on market research and stakeholder 
involvement [32]. The value proposition was evaluated based on feasibility and refinement [33]. Last, 
the readiness of the innovation for the demonstration was assessed, with the fully developed and 
tested innovation deemed to have the highest likelihood of success [34]. 
 
2.3.4 Value Creation 
 

The value creation element consists of economic and social criteria with a weight of 5% each, 
whereas three main green computing approaches under the criteria of the environment with a 
weight of 10% each. Value creation's economic aspect involves affordability and innovation's positive 
impact on economic growth [35]. The social dimension considers the potential of innovation to 
produce social benefits in targeted communities [36]. The green design principles aim to reduce the 
environmental impact by eco-designing objects and services. The green usage principles aim to 
minimize hazardous materials and electricity consumption. In contrast, the green disposal principles 
aim to recycle e-waste and repurpose existing equipment or employ appropriate disposal methods 
[37]. 
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2.2 Fuzzification 
 

The data gathered from the GCI Rubric will go through a fuzzification process. Each criterion of 
key innovation elements as input will be classified and expressed in a linguistic expression, for 
instance, minimal, satisfactory, and excellent. Then, each linguistic expression will be grouped in the 
range interval, as presented in Table 1. We adopted the triangular membership function for key 
innovation elements for this research, as shown in Figure 2. This stage involves matching each key 
innovation element's score with three interval membership values to determine the GCII tendency 
for that element. 
 

Table 1 
Linguistic expressions and intervals for input criteria 

Key Innovation elements 
Linguistic expression 
Minimal Satisfactory Excellent 

Collaboration (0, 0, 7.5) (3.75, 7.5, 11.25) (7.5, 15, 15) 
Ideation (0, 0, 7.5) (3.75, 7.5, 11.25) (7.5, 15, 15) 
Implementation (0, 0, 15) (7.5, 15, 22.5) (15, 30, 30) 
Value Creation (0, 0, 20) (10, 20, 30) (20, 40, 40) 

 

 

  
Fig. 2. Membership functions of input variables 

 
2.3 GCII Rules Evaluation 
 

Rules evaluation is the main stage in the FIS method. This stage obtains the GCII membership 
value based on all its key innovation elements' membership values. If-then rules are used in the 
inference process for generating output decisions. This rule will determine the study's outcome 
because it represents decision-making and logical human judgment, usually expressed in linguistic 
terms. All the key innovation elements were calculated using the union and intersection operation 
approach to fuzzy sets by the AND logic. The if-then rules used for measuring GCII are shown in Table 
2. 

At the end of this stage, we will obtain the fuzzified GCII value on each key innovation element. 
This value is then used to determine the GCII score for each innovation by utilizing the defuzzification 
method. 
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Table 2 
If-then rules for measuring GCII in FIS 
Rule No. Rules 

1 
If collaboration is minimal and ideation is minimal, 
implementation is minimal, and value creation is minimal, 
then GCII is minimal 

2 
If collaboration is satisfactory and ideation is satisfactory, 
implementation is satisfactory, and value creation is 
satisfactory, then GCII is satisfactory 

3 
If collaboration is excellent and ideation is excellent, 
implementation is excellent, and value creation is excellent, 
then GCII is excellent 

 
2.4 Defuzzification 
 

In the defuzzification stage, the GCII is calculated from the GCI key elements fuzzified value 
obtained from the previous stage mapped to the triangular membership functions. The GCII range 
interval and triangular membership function are presented in Figure 3 and Table 3, respectively. From 
the mapping result, the GCII is then obtained using the five different defuzzification methods, 
including the Centroid, Middle of Maximum (MOM), Smallest of Maximum (SOM), Bisector and 
Largest of Maximum (LOM). 
 

 
Fig. 3. Membership functions of the output variable (GCII) 

 
Table 3 
Linguistic expressions and intervals for output GCII 

 
Linguistic expression 
Minimal Satisfactory Excellent 

Green computing 
innovation index 
(GCII) 

(0.0, 0.0, 0.5) 
 
(0.1, 0.5, 1.0) 

 
(0.5, 1.0, 1.0) 
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3. Results 
 

From the results obtained in Table 4, MOM, SOM, and LOM defuzzification methods were found 
to be less sensitive and precise because they were unable to read the different ranges of data. 
Therefore, it could be challenging for young inventors who need more accurate and reliable results 
to change and improve their innovations. As a result, more sensitive and precise defuzzification 
methods in measuring GCII are required. 
 
Table 4 
Linguistic expressions and intervals for output GCII 

Key innovation elements input scores  Defuzzification 
 
Innovation 

 
Collaboration 

 
Ideation 

 
Implementation 

Value 
creation 

 
Centroid 

 
MOM 

 
SOM 

 
Bisector 

 
LOM 

1 10 10 20 26.67 0.543 0.835 1 0.54 1 
2 10 10 20 26.67 0.543 0.835 1 0.54 1 
3 10 10 20 26.67 0.543 0.835 1 0.54 1 
4 10 10 16.67 26.67 0.506 0.5 0.83 0.51 0.83 
5 10 10 20 26.67 0.543 0.835 1 0.54 1 
6 10 10 20 26.67 0.543 0.835 1 0.54 1 
7 10 12.5 20 26.67 0.791 0.835 1 0.79 1 
8 10 10 20 26.67 0.791 0.835 1 0.79 1 
9 10 10 20 26.67 0.543 0.835 1 0.54 1 
10 10 10 20 26.67 0.543 0.835 1 0.54 1 

 
Subsequently, the bisectors and centroid methods were more sensitive and precise in detecting 

differences in the data. The centroid method, in particular, was more precise, with the ability to 
detect discrepancies up to 0.001. This level of precision can be highly beneficial in accurately 
evaluating various innovations and producing reliable results. Moreover, the centroid method finds 
the center of gravity of the data and thus produces more accurate results. This method can also 
provide a more comprehensive view of the data because it considers all of the values in the dataset, 
as opposed to the bisector, which only considers the midpoint between the highest and lowest values 
[38]. Therefore, the centroid is able to produce more precise and accurate GCII compared to other 
defuzzification methods in this research. 

From the centroid point of view, Innovation 7 and 8 achieved the highest score of any product on 
the Green Computing Innovation Index, which was 0.791. Based on the four criteria, this suggests 
that Product 7 and Product 8 are the most innovative. However, it should be noted that the scores 
range from 0.543 to 0.791. This is because all of the products have demonstrated a high level of GCI. 

Apart from that, all four key innovation elements contribute equally to defuzzification results. All 
of the innovations in the study showed evidence of collaboration among individuals or organizations, 
which may have contributed to the high levels of innovation observed across all five defuzzification 
methods. Ideation was another vital factor that may have influenced the defuzzification results. The 
degree of ideation varied across the different innovations in the study, with some demonstrating 
greater creativity and originality than others. Therefore, it may have affected the scores obtained 
from the defuzzification process, particularly in the Bisector and Centroid methods which were more 
sensitive to small differences in scores. 

Implementation was also a critical factor in determining the degree of innovation of the GCI. 
Furthermore, the implementation also influenced the scores obtained from the defuzzification 
process, particularly in the LOM method, which relied on the maximum score achieved in each 
element. Finally, value creation, where the innovations are able to demonstrate clear sustainability 
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elements, is highly rated in the study, particularly in the MOM and SOM methods, which were more 
focused on identifying the maximum score achieved in each element. Overall, it can be inferred from 
the above findings that the Fuzzy Inference System utilizes Mamdani mimic similar to human 
reasoning when calculating the GCII by taking into account various factors and weighing their 
importance in determining the final score. 

Moreover, GCII also be used to measure the Faculty of Computing and Meta-Technology's success 
in promoting innovation in green computing. The high scores obtained by the products indicate that 
the Faculty has successfully developed innovative solutions to the challenges of green computing. It 
could also serve as a benchmark for other institutions developing innovative green computing 
projects. 

Therefore, young inventors can use the GCII to evaluate their products' innovative potential in 
green computing. The GCI Framework and Rubric can serve as a guide for young inventors as they 
develop their innovations. The obtained scores can then be used to enhance the products and 
develop more innovative green computing products. 
 
4. Conclusions 
 

The process of qualitative evaluation, which entails innovation in green computing perspectives, 
is often characterized by subjectivity. It can result in challenges in deciding the index value for GCI, 
where a range of criteria is involved in the measurement. Based on the results of this study, Mamdani 
FIS demonstrated its ability to overcome several difficulties faced by the evaluators. Moreover, this 
approach has resulted in streamlining evaluators' responsibilities, as they are no longer required to 
undertake the complex and time-consuming tasks associated with conventional methods. Ultimately, 
FIS explicitly designed to ensure fairness and transparency during the measurement of GCII.  

Thus, it is possible to prevent any unfavorable and unethical behaviors on the part of evaluators, 
such as bias, favoritism, stereotyping, unfairness, and prejudice. The utilization of the Fuzzy Inference 
System can be valuable for emerging young inventors from the perspectives of GCI, as it offers a 
systematic and unbiased way of evaluating their innovation. Hence, this transparent approach gives 
young inventors a comprehensive understanding of the GCII measurement process and encourages 
them to improve their innovation to achieve a higher GCII score. 

Furthermore, the main contribution of this research is the introduction of a novel approach for 
evaluating GCI, utilizing the Fuzzy Inference System (FIS) with the Mamdani method to measure the 
GCII. This approach addresses challenges related to uncertainty and imprecise data in the evaluation 
process. By providing improved decision-making solutions, the FIS based GCII measurement process 
reduces subjectivity and enhances the accuracy of assessing young inventors' GCI. Additionally, the 
transparent and unbiased evaluation approach fosters fairness and transparency, encouraging young 
inventors to strive for higher GCII scores and promoting a culture of sustainable practices. 

In future work, further exploration can be conducted to refine the FIS model by incorporating 
additional criteria and parameters relevant to green computing innovation. This would ensure a more 
comprehensive and accurate assessment of young inventors' contributions to sustainable computing 
practices. 

Additionally, it would be valuable to assess the long-term impact of the GCII ratings on the 
continued engagement of young inventors in green computing innovation by expanding the sample 
size beyond the top 10 innovations. Currently, this research is limited to evaluating the top 10 
innovations from the Faculty of Computing and Meta-Technology, UPSI. However, future studies 
could enhance the generalizability of the findings by including a larger sample size and incorporating 
innovations from other higher education institutions. By expanding the sample size and including 
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diverse innovations from multiple institutions would provide deeper insights into the long-term 
influence of GCII ratings on the ongoing innovation efforts of young inventors in green computing. 

Overall, the objective of this study, which is to assist in the decision-making process made by 
evaluators in measuring GCII, is achieved through Mamdani FIS. Therefore, GCII FIS is a promising 
tool for Young innovators to guide the nation towards a more sustainable approach with the help of 
this GCII. 
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