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Abstract – Technological developments such as 
digital transformation and artificial intelligence have 
affected the way manufacturing is done and therefore 
the way costs are calculated; this has led to changes in 
the structure and dynamics of costs compared to 
previous methods. The traditional approach to costing 
has resulted in inaccurate assessments of costs, 
consistently distorting the costs of products and 
services and providing misleading data to decision 
makers within organizations which rely upon it. 
Therefore, organizations are required to develop and 
implement cost systems and cost management practices 
to maintain their competitive advantage and meet the 
needs of their customers. Activity-based costing is one 
of the most effective cost management practices 
available today because it provides accurate data for 
allocating indirect costs to products and/or services. 
However, activity-based costing systems require 
continuous and comprehensive improvements in the 
collection and analysis of data.  
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As a result, there is often little value placed on the 
data collected from activity-based costing systems due 
to the variability and ambiguity inherent in all systems, 
especially those operating in today’s rapidly changing 
automated industry. To address these problems and 
improve the accuracy of cost estimates and increase the 
reliability of the results, fuzzy logic was applied as a 
concept and methodology that reduces the ambiguity 
and uncertainty associated with estimating cost drivers 
using activity-based costing systems so that managers 
receive reliable and relevant information when 
assessing the cost of products and/or services. 

Keywords - Activity-based costing, fuzzy logic, fuzzy 
activity-based costing, uncertain data. 

1. Introduction

The corporate climate is swiftly adapting to 
technology advancements, providing organizations 
with benefits in consumer satisfaction and heightened 
demand for their products or services [1]. To adapt to 
these advancements and changes, organizations must 
enhance or establish their internal information 
systems, especially cost measuring systems [2]. This 
results from the evolving cost structure, heightened 
indirect expenses, and the necessity for precise data 
inputs to effectively assess production or service costs 
[3]. Conventional cost measuring systems operate on 
the idea of accuracy, wherein the information is 
deemed valid if the input data is accurate, and 
conversely [4]. Conventional systems are incapable of 
delivering precise information when confronted with 
unclear or ambiguous input [5]. Activity-Based 
Costing (ABC), in an advanced industrial 
environment, supports the strategic objectives of 
organizations. In this way it can provide managers 
with useful information about the consumption of 
independent and dependent energies through the 
processing of only quantitative data for decision-
making purposes [6].  
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The ABC approach forfeits its benefits when 
descriptive data is present rather than exact numerical 
values, impeding activity analysis and complicating 
precise cost estimation [7]. Fuzzy logic enables the 
management of uncertain and ambiguous data through 
the formulation of mathematical connections that 
emulate human cognition [8]. Fuzzy logic, with its 
degree of membership, facilitates the resolution of 
several intricate issues that classical logic fails to 
address, as it depends on explicit and precise 
quantitative principles within the range of (0,1) [9]. 
Transforming ambiguous data into quantitative values 
through the degree of membership in fuzzy logic 
facilitates the computation of the activity-based 
costing rate based on the fuzzy values of cost drivers, 
hence allowing for precise allocation of indirect costs 
[10]. The concept of Fuzzy Activity-Based Costing 
(FABC) facilitates a more precise allocation of 
indirect costs in contexts characterized by ambiguity 
and uncertainty [11]. A model is constructed utilizing 
membership functions, fuzzy logic, and 
defuzzification techniques [12]. Notwithstanding the 
intricacies of FABC, it mitigates financial 
inaccuracies and curtails the subjective judgment of 
decision-makers [13]. It assists management in 
identifying utilized and unutilized capacity, 
formulating strategic goals, and regulating 
expenditures to get more precise outcomes [14]. Prior 
study findings can no longer forecast the outcomes of 
implementing fuzzy activity-based costing (ABC) [5]. 
This facilitates a more precise distribution of indirect 
costs in contexts characterized by ambiguity and 
uncertainty within the sector; yet, it has not yielded 
any definitive answers for the future [15]. This 
groundbreaking finding will facilitate future studies 
that tackle the issues of strategically controlling 
additional expenses related to the organic degree of 
fuzzy logic. The initial segment to be discussed is the 
introduction. The subsequent part constitutes a 
literature review. 

 
2. Literature Review 
 

Some of the biggest obstacles include collecting 
accurate and reliable data to use in an ABC system, 
and dealing with uncertainty in the data that is 
collected. to develop an ABC system, managers must 
collect and analyze a large amount of data, including 
the time and resources required to complete each 
business process, the rate at which they consume each 
resource, and the rate at which they contribute to each 
cost driver. Collecting such data may be difficult 
because managers do not always know how much time 
and resources are being consumed, or how quickly 
they are being consumed. As a result, managers will 
often make estimates, which are likely to be 
inaccurate. In addition to inaccuracies in the data 
itself, the data may also be subject to other sources of 
error such as changes in processing times or 
equipment failure.   

While some organizations have reported success in 
collecting data on resource utilization and activity 
characteristics, few have achieved high levels of 
accuracy in measuring the causal linkages between 
activities and resource consumption. One reason for 
this is that many of the factors that influence the rate 
at which resources are consumed during the 
performance of an activity cannot be controlled. For 
example, even if a company develops a highly 
effective method for estimating the amount of time 
and resources that are required to perform each 
business process, changes in processing volumes, or 
changes in the way in which processes are performed, 
can occur rapidly enough to render the estimates 
obsolete.  
 
2.1. Activity-Based Costing and Non-Ambiguous Data 

 
In reaction to changes in the economic business 

environment necessitating significant modifications to 
administrative and accounting unit information 
systems, the ABC system surfaced as a model aimed 
at advancing modern management accounting systems 
to enhance the requisite standards [16]. Robert 
Kaplan’s introduction in 1987 transformed cost 
accounting methods [17]. One year later, Kaplan 
devised the methodology for assigning indirect 
expenses [18]. His principal objective was to develop 
accounting systems that might facilitate the strategic 
operations of economic entities within a swiftly 
changing industrial landscape, especially in American 
corporations [19]. The approach was later used in 
Europe, the United Kingdom, and Canada [13]. 
Activity-Based Costing (ABC) is a costing 
methodology predicated on the principle that goods 
utilize activities, which in turn utilize resources [20]. 
It is a technique predicated on activities, which 
constitute a series of operations that do not finalize the 
manufacturing process [21]. This system comprises 
four components: The first is resources, which denote 
the factors of production utilized by activities to 
generate outputs in the production process [22]. 
Resources consist of equipment, materials, or 
information, which are organized inside a particular 
activity to generate outputs [23]. Secondly, activities 
comprise a collection of procedures or processes that 
collectively constitute the work environment inside an 
economic unit [7]. An instance of this is the 
acquisition of raw materials utilized in the production 
of a certain product [6]. Third, activity drivers are 
determinants that affect cost accounting and represent 
the use of activities concerning items or services [24]. 
These variables provide improved allocation of 
expenses to activities. Ultimately, cost components 
that exhibit a shared cost driver are amalgamated into 
a singular cost factor [25]. The four elements of the 
ABC system fulfill two fundamental purposes for the 
company [26].  
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The initial step involves categorizing activities into 
value-adding and non-value-adding classifications 
[27]. This leads to the exclusion or diminishment of 
activities, particularly in the realm of inventory-free 
manufacturing [28]. The second aspect is the 
categorization of expenses, some of which are not 
associated with production volume but rather with the 
diversity of goods [22]. This is seen as a contributing 
element to the formation of cost, time, and quality 
measurements [16]. It is regarded as a management 
instrument that facilitates the formulation of the 
activity-based budget [17]. 

 
2.2. Membership Degree of Fuzzy Logic 
 

Fuzzy logic constitutes an application of Artificial 
Intelligence [8]. It aims to codify thought when it is 
ambiguous [29]. It is more aligned with human 
cognition than classical logic and significantly aids 
decision-making in uncertain settings where 
information is limited or inadequate [9]. It addresses 
several factors, both quantitative and verbal, aiming to 
deliver unambiguous yet ambiguously defined 
outcomes [30]. Numerous studies suggest that the 
motives for employing fuzzy logic stem from its 
dependable terminology, which is widely recognized 
and comprehensible to the general populace, 
articulated in accessible language [31]. Fuzzy logic 
accommodates imperfect reasoning, which is crucial 
for enhanced decision-making accuracy [32]. Fuzzy 
systems may be readily constructed to correspond 
with any given set of input and output data owing to 
the existence of intricate nonlinear model functions 
[29]. Fuzzy logic is an effective instrument that 
simplifies the complexity of mathematical 
connections, serving as an alternative to classical 
mathematics, as human knowledge cannot be 
dichotomously categorized into two categories (0, 1) 
[33]. In classical logic, it determines the membership 
of an element inside a set, but fuzzy logic allows for 
the assignment of a score to this membership based on 
a fuzzy set [34]. Fuzzy logic fundamentally diverges 
from standard logic, as it encompasses various values 
and has several gray or uncertain areas [35]. Fuzzy 
logic has facilitated the resolution of several intricate 
issues that classical logic fails to handle, as it depends 
on precise and explicit quantitative principles within 
the range of (0,1) [36]. Fuzzy logic is employed across 
several domains and has numerous applications, 
particularly when data is ambiguous owing to 
unpredictability, vagueness, or a combination of both 
[29]. When the variables are fuzzy numbers rather 
than fixed variables, and these variables can be 
quantified over a designated timeframe, the primary 
instruments of fuzzy logic encompass the fuzzy 
function, which assigns a degree of membership [8], 
ranging from 0 to 1, to each element from a particular 
set, which may consist of symbols or numbers, thereby 
indicating the extent of its affiliation with a specific 
fuzzy set [30].  

Fuzzy numbers are a subset of fuzzy sets associated 
with natural numbers, real numbers, or integers, 
distinguished by their convexity and modularity [36]. 
Analyzing the issue and identifying its variables is 
fundamental for constructing a fuzzy system that 
converts issues articulated in descriptive variables into 
actions guided by a set of inference rules that emulate 
human reasoning in three stages [33]. The initial 
process is fuzzification, which is transforming real-
world values into fuzzy values that reflect imprecise 
descriptive expert assessments [9]. The second 
component comprises the fuzzification rules, which 
are divided into two pieces[30]. The initial segment is 
referred to as the logical statement, while the 
subsequent segment is termed the logical outcome 
[35]. This regulation facilitates the development of a 
complicated system dependent on human knowledge 
or a database involves the application of fuzzy logical 
linkages (such as not, or, and) to elucidate the 
connections between system inputs [32]. 
Defuzzification is the process of transforming fuzzy 
values into exact numerical values [8]. The results can 
be achieved by performing a single fuzzy operation on 
two or more fuzzy operations [29]. 

 
2.3. Fuzzy Activity-Based Costing Modeling 

 
Fuzzy Activity-Based Costing (FABC) is the most 

efficacious method for addressing imprecise data, 
with the objective of enhancing the precision of cost 
allocation in uncertain contexts [29]. This approach 
employs language variables such as “high,” “low,” 
and “average” in lieu of exact numerical values, 
facilitating the analysis of activities with costs that are 
challenging to determine properly [11]. The FABC 
paradigm facilitates enhanced cost allocation in 
contexts characterized by ambiguity and uncertainty 
[37]. FABC is executed by membership functions, 
fuzzy logic, and defuzzification [38]. 
Notwithstanding its intricacy, it enhances decision-
making and mitigates financial inaccuracies [39]. It 
diminishes the personal discretion of decision-makers 
and assists management in identifying used and 
unutilized capacity, formulating planning budgets, 
and regulating expenses for more precise and 
objective outcomes [40]. Assessing the behavior of 
resources derived from costs is a critical concern of 
the FABC model, including the duration and amount 
of raw materials alongside other elements associated 
with flexible and committed resources [4]. To 
improve the resource identification process, the cost-
related flexible resource identification phase is 
considered an ambiguous process for each activity  
[10]. To enable the assessment of resource behavior, 
three phases have been delineated: the minimum 
necessary resources, the most likely resources, and 
the maximum available flexible resources [41].  
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FABC enhances cost efficiency in its economic 
unit activities, encompassing manufacturing, 
procurement, warehousing, marketing, and sales - by 
implementing fuzzy control systems to regulate 
machine speed and equipment temperature during the 
production process [12]. It effectively lowers 
inventory expenses by minimizing waste and 
curtailing surplus inventory [42]. FABC augments the 
enhancement and escalation of sales in marketing and 
sales endeavors by offering solutions through 
programs using fuzzy classifications (continuous 
customer, intermittent client, regular customer), 
alongside categorizing market demand state (high, 
low, medium) [34]. These categories facilitate more 
precise decision-making in cost reduction under 
ambiguity or fluctuating situations [43]. To attain 
precise outcomes in cost reduction for activities with 
challenging cost estimations owing to ambiguity and 
uncertainty, five fundamental phases are 
implemented to fulfill the objectives of the FABC 
model [11]. The initial phase involves identifying 
resource-consuming activities that impact costs, such 
as production [4]. Warehousing and distribution in 
ambiguous contexts [32]. Fuzzy linguistic values are 
employed to characterize resource usage [30]. The 
subsequent stage involves use membership functions 
to ascertain the extent to which each expense is 
associated with a certain category [13]. For instance, 
the expenses associated with building maintenance or 
machinery upkeep can be modeled using a 
trigonometric or Gaussian function, classified as low, 
medium, or high [8]. The third phase involves 
identifying the cost factors that influence resource 
consumption, such the quantity of manufacturing 
orders or the duration of operation hours. Rather of 
employing fixed values, these drivers are depicted by 
fuzzy sets [9]. The fourth phase involves converting 
ambiguous input into quantifiable values through a 
defuzzification procedure [25]. An activity-based cost 
rate is determined using the ambiguous values of the 
cost drivers [1]. The last phase involves assigning 
costs to each product according to the outcomes of the 
fuzzy analysis of the cost drivers. Implementing the 
FABC model necessitates addressing several 
challenges associated with computational complexity 
[4], which demands the utilization of sophisticated 
analytical tools such as MATLAB or Python; the 
intricacy of defining membership functions [39], as 
this model necessitates proficiency in selecting 
suitable functions; and ultimately, the requirement for 
data availability, which entails adequate historical 
data to evaluate components such as the knowledge 
base, the inference module, and the user interface 
[12]. 

3. Data and Method 
 

This study relies on a literature evaluation, 
employing theoretical analysis and theory-building 
methodologies for instructional materials. Theoretical 
textbooks are essential resources for scholars to assess 
and generate new knowledge. This study emphasizes 
the necessity of examining the literature about the 
extent of fuzzy logic and the efficacy of activity-based 
costing, as well as seeking pertinent articles using 
keywords such as “fuzzy logic,” “fuzzy activity-based 
costing,” and “Uncertainty  data” to identify relevant 
research. The study findings indicate the overall 
quantity of papers published in scientific journals. 
Nonetheless, the author’s idea, which corroborates 
and encapsulates his first observations, is articulated. 
This research explicitly seeks to reveal previously 
overlooked connections between cost accounting and 
data and activity uncertainty, which have been 
disregarded in other studies. 

 
4. Results 

 
The ABC approach offers a framework that allows 

managers to precisely assess the cost elements of all 
goods or services, facilitating the identification or 
elimination of unproductive offerings. Additionally, it 
provides valuable insights for identifying and 
eliminating inefficient manufacturing processes or 
services. The ABC system is regarded as a strategic 
cost management tool, facilitating the comprehension 
of cost behavior and the reallocation of substantial 
indirect costs in accordance with modern technology 
advancements, executed through three fundamental 
processes, as seen in Figure 1. The ABC system 
enhances product returns in commercial enterprises 
and service returns in service-oriented firms by 
delivering precise and dependable information on 
value-adding resources. The execution of ABC 
encounters several challenges, notably the necessity 
for a cohesive, adaptable, and unequivocal database 
that can serve as input to the system for precise cost 
allocation. The uncertainty over the data accuracy 
utilized in the system, along with the changing 
business conditions due to technical improvements 
and industrial process automation, presents more 
hurdles. Adhering to conventional logic will result in 
managers receiving information in the decision-
making process categorized into two levels of 
accuracy: Either accurate information     or inaccurate 
information derived from the outputs of the ABC 
system. 
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Figure 1. Stages of implementing the ABC system 
 

Fuzzy logic does not yield definitive true or false 
values like conventional logic does. A membership 
function calculates the degree of membership for each 
input value on a scale from 0 to 1, where 0 signifies 
non-membership and 1 indicates complete 
participation. Furthermore, it offers a membership 
value that is both half true and partially false. Figure 2 
depicts the extent of diversity in membership.  

Fuzzy logic is defined by its clarity and simplicity, 
since it accommodates several sorts of inputs, 
including exact, ambiguous, or uncertain data. The 
membership value may be deduced by a series of 
mathematical principles that emulate human 
cognition, aiding in the resolution of complicated 
situations and enhancing the decision-making process. 

 
 

 
 

Figure 2. Fuzzy activity-based costing technology
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The FABC approach was developed to furnish 
reasonably precise information that facilitates the 
appropriate estimate of indirect costs amongst 
confusing and unclear data. This work employed 
fuzzy logic inside the ABC model to address inherent 
ambiguity and uncertainty, therefore identifying 
optimal values for cost parameters, activities, and cost 
drivers, which enhances the accuracy of cost. 

 The FABC approach minimizes the human 
discretion of decision-makers, aiding management in 
formulating planning budgets and controlling 
expenses, hence yielding more precise and objective 
outcomes.  

 
 
 

The FABC model facilitates the detection of 
resource and activity behavior influenced by costs by 
offering an average membership value, which is both 
partially accurate and partially inaccurate, alongside 
values assigned a score of (1,0). Consequently, the 
system’s inputs will be sufficiently precise to provide 
proper cost allocation despite the considerable 
uncertainty and ambiguity in the data. allocation 
information. Fuzzy logic mitigates data inaccuracies 
in the ABC system while assessing value-adding and 
non-value-adding operations, yielding precise and 
intended outcomes through the use of membership 
functions, fuzzy logic, and defuzzification. 
Notwithstanding its intricacy, it enhances the 
decision-making process and mitigates financial 
inaccuracies, as seen in Figure 3.  

 

 
 

Figure 3. Costing system based on fuzzy activities and uncertain data 
 

5. Discussion 
 
Cost and time management is a critical strategic 

objective that an economic entity aims to attain while 
preserving the company’s market position. 
Management implements ways to assign indirect 
expenses in accordance with the unit’s production 
characteristics while maintaining product quality. Due 
to contemporary production systems that utilize 
computer-based automation for managing processes, 
manual labor has diminished in significance, and 
conventional cost-reduction tactics have been 
inadequate in keeping up with the advancement of 
production systems. This has required the necessity to 
remain abreast of contemporary advancements. One 
of these tactics is the FABC strategy for minimizing 
the cost of products or services.  

 

The FABC model is an advancement of the ABC 
approach, integrating activity-based analysis with 
fuzzy logic to mitigate ambiguity and uncertainty in 
the computation of activity-related costs. This 
approach prioritizes organic states as the principal 
criterion for resource allocation, including unknown 
situations that may influence cost escalations and the 
duration necessary to execute tasks. Activities are 
determined by resource consumption levels, with 
costs assigned to activities according to the ambiguous 
activities of each process. Fuzzy logic is employed to 
manage uncertainty in activity data, including delays 
and fluctuating production. The concept seeks to 
decrease complexity relative to conventional ABC 
methods and tackles scenarios with partial or 
erroneous data. The FABC model’s applications aim 
to furnish management with precise information.  
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This information is comprehensive and crucial to 
the manufacturing process, offering greater accuracy 
than conventional costing systems by assigning costs 
logically and equitably, utilizing fuzziness vectors for 
the distribution of joint costs across many cost 
objectives. 

 
6. Conclusion 
 

The integration of fuzzy logic into the Activity-
Based Costing (ABC) system creates a new costing 
method called Fuzzy Activity-Based Costing (FABC). 
FABC is an improvement over the old costing 
methods because it addresses many of the deficiencies 
of the old costing methods in today’s manufacturing 
and service-based environment. In recent years 
technological advancements, digital transformations 
and increased automation in many manufacturing and 
service environments have increased the amount of 
indirect cost that companies incur. Additionally, 
technology has introduced additional amounts of 
uncertainty and ambiguity in the data provided to 
costing systems regarding cost driver, resource usage 
and activity-based analysis. The traditional ABC 
systems rely heavily on exact quantifiable input data 
which can lead to distorted and/or unreliable cost 
allocations when dealing with data that contains large 
amounts of uncertainty or ambiguity. This can result 
in decision-making errors at the manager level 
concerning the pricing of products, the assessment of 
profit, the improvement of processes and strategic 
planning.  

This paper demonstrates how the use of fuzzy logic 
(membership functions, linguistic variables (e.g., low, 
medium, high), fuzzification, fuzzy inference rules 
and defuzzification) in a FABC system can effectively 
address these issues. By representing ambiguous data 
as degrees of membership (from 0 to 1), FABC 
provides a more realistic representation of real-world 
cost dynamics than does the traditional ABC system. 
That is, instead of the data being either exactly true or 
false, FABC allows the data to be represented as 
existing on a continuum. Therefore, FABC produces 
more accurate and reliable indirect cost allocations 
than do the deterministic ABC methods used 
traditionally. These more accurate and reliable 
indirect cost allocations will reduce the financial 
inaccuracies associated with costing decisions made 
using traditional ABC methods. Additionally, they 
will eliminate the need for subjective judgment from 
decision-makers regarding the reliability of the cost 
allocations produced by the FABC system. Finally, 
they will provide decision-makers with an unbiased 
view of which activities add value and which activities 
do not add value to the organization, which resources 
are being utilized and which are not being utilized 
(i.e., idle capacity), and how the total costs of an 
organization behave.  

Therefore, the results indicate that the use of fuzzy 
activity-based costing systems will enhance the 
accuracy of cost estimates regardless of whether the 
organization is operating in a highly automated and 
data-uncertainty environment. As such, FABC 
supports more informed decisions relative to cost 
control, budgeting, pricing and performance 
measurement. While the fuzzy activity-based costing 
system is computationally complex and requires the 
user to possess technical knowledge in order to define 
membership functions and implement the necessary 
tools. For example, in the context of increasingly 
dynamic and flexible production systems, FABC is a 
method of producing cost estimates that can support 
decision-making more accurately than traditional 
costing methods. In conclusion, the proposed fuzzy 
activity-based costing model represents a viable 
means of resolving the long-standing issue of 
inaccurate indirect cost allocation in uncertain 
environments. FABC will provide managers with 
reliable, relevant and useful cost information that will 
enhance their ability to compete in the marketplace, 
improve the efficiency of their use of resources, and 
facilitate strategic cost management in the current 
uncertain environment. Potential areas of future 
research include the development of empirical studies 
examining the application of FABC models in specific 
industries, the examination of the feasibility of 
integrating FABC models with emerging technologies 
such as artificial intelligence (AI)-driven data 
analytics, and the comparison of the feasibility of 
using fuzzy logic to handle uncertainty in costing 
models with other uncertainty-handling techniques 
(e.g. Monte Carlo simulations) in order to further test 
and develop the practical application of FABC 
models. 
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