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ABSTRACT 

    Raw material inventory management is a crucial element in the food industry to ensure smooth 
production processes. Unstable inventory can lead to risks of material spoilage, stock shortages, and 
quality degradation, which impact the fulfillment of market demand. The Fuzzy Logic method, 
specifically Fuzzy Sugeno, is used to address the complexity and uncertainty in inventory 
management. This method allows inventory data to be processed more flexibly, producing accurate 
numerical outputs that can be directly applied to operational decisions. This study employs a 
descriptive qualitative approach with a literature review to examine the role of Fuzzy Logic in 
decision-making related to raw material inventory, along with data analysis of production in the food 
industry. Production data for pie crusts from April 2023 to May 2024 shows inventory fluctuation 
patterns, with initial stock ranging from 996 to 1153 units, production from 300 to 1579 units, and 
incoming stock from 310 to 1535 units each month. Through the application of Fuzzy Sugeno, initial 
stock, production, and incoming stock membership values are categorized into fuzzy sets (low, 
medium, and high) to map uncertainty in input data. Implementing Fuzzy Sugeno on MATLAB 
generates more precise outputs aligned with inventory management needs in the food industry. The 
results indicate that using the Fuzzy Sugeno method can improve stock prediction accuracy and 
reduce the risk of overstocking or understocking, supporting more efficient and stable operations. This 
approach provides an adaptive solution to market demand changes, essential for business 
sustainability and production stability in the food industry. 
 
Keywords: inventory management, fuzzy logic sugeno, food industry, stock uncertainty, demand 
prediction. 
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INTRODUCTION  

The management of raw material inventory is a crucial aspect in the food industry. A stable 
availability of raw materials is essential to ensure the smoothness of the production process (Anton & 
Gusrianty, 2023). The efficiency and accuracy of inventory management become critical points given the 
perishable nature of food products (Nugroho et al., 2023). It is necessary to have competent strategies to 
reduce the risks of damage, raw material shortages, and quality degradation, with the expectation that the 
output achieved by the company can optimally meet market demand (Hilmansyah & Hilpiah, 2019). 
However, decision-making in inventory management does not solely depend on quantity calculations 
(Umam, 2023). Various uncertain factors will influence it. Internal factors, such as demand fluctuations 
and supply variability, are among these (Azizah & Fauziyah, 2020). Meanwhile, external factors like 
weather also affect inventory dynamics (Pinem & Utomo, 2020). To address these risks, a fuzzy 
logic-based approach offers an innovative solution that can adapt to complexity and uncertainty 
(Aisuwarya & Annafi, 2017). This approach allows for flexibility in processing uncertain data, leading to 
more accurate and relevant decisions for stock management in the industry (Haque & Sriani, 2023). 
According to Muflihunna & Mashuri (2022), the Sugeno fuzzy logic method is particularly suitable 
because the output is in the form of numerical values that can be directly applied in operational decisions. 
Sugeno provides efficient solutions for decision-making that requires easily calculable figures, making it 
highly relevant in raw material inventory management (Warmansyah & Hilpiah, 2019). This method 
enables the conversion of input data into fuzzy values, which are then processed through a series of 
inference rules to produce outputs that are responsive to changes in market demand (Nasution et al., 
2022). Moreover, research shows that Sugeno fuzzy logic has the advantage of adjusting stock predictions 
with a high level of accuracy, thus reducing the risks of overstocking or stockouts (Mawardani et al., 
2022). The implementation of the Sugeno method in software like MATLAB is also a trend in the 
industry, including the food sector, because it facilitates fast and efficient predictive analysis (Putra et al., 
2018). Such applications support more effective and efficient management, ensuring that the production 
process runs smoothly without disruptions due to material shortages or unused stock accumulation 
(Irdayanti et al., 2024). The application of the Sugeno fuzzy logic model in managing the raw material 
inventory for pie production in the food industry is expected to enhance the efficiency and effectiveness 
of stock predictions. This is intended to provide stock management solutions that are more adaptive to 
market demand (Simon et al., 2018). The desired outcome is to support operational sustainability and 
business stability, particularly in the food industry. In this regard, the fuzzy logic-based approach offers 
innovative solutions to handle the complexities and uncertainties that may hinder business processes 
(Anugrahwaty & Azmy, 2017). Therefore, fuzzy logic models can be effectively identified and applied in 
decision-making for managing raw material inventory in pie production within the food industry. This is 
aimed at improving the efficiency and quality of inventory management (Kastina & Silalahi, 2016). 

 

 

 
 

 



 
 
 
 
 
METHODS 
Research Approach 

This research employs a qualitative descriptive approach aimed at gaining an in-depth 
understanding of the application of Fuzzy Logic in decision-making related to raw material inventory 
management in the food industry. This approach was chosen for its ability to provide detailed descriptions 
of the phenomena being studied through the analysis of information from various sources (Maruwu, 
2023). With this approach, it is hoped that the research can explore the role of Fuzzy Logic in managing 
inventory uncertainties, optimizing cost efficiency, and providing an overview of the challenges and 
opportunities faced in the implementation of Fuzzy Logic in the food industry. 
Data Collection  

Data collection in this study is conducted using the literature review method as part of the 
qualitative descriptive approach. This literature review involves gathering information and secondary data 
from relevant sources, such as scientific journals, articles, and related documents that discuss Fuzzy Logic 
and raw material inventory management (Melfianora, 2019). Data sources are selected based on 
relevance, validity, and credibility to support the theoretical and empirical analysis of this research. 
Through the literature review, the researcher can establish a strong theoretical foundation, examine 
previous research findings, and understand the key concepts related to Fuzzy Logic in the context of the 
food industry. 
Data Analysis  

The Fuzzy Logic method is used to address uncertainty and ambiguity in the decision-making 
process. Fuzzy Logic allows membership values to exist within a continuous range between 0 and 1, 
indicating the degree of certainty or uncertainty of a statement. This differs from traditional binary logic, 
which recognizes only two values (true or false). This method is particularly suitable for applications 
occurring in the real world, where many variables are involved and the available information is often 
inaccurate or incomplete (Mayasari et al., 2018).. 

One variant of Fuzzy Logic used for modeling and decision-making is the Fuzzy Sugeno method, 
where each fuzzy rule generates a numerical output, which can be a linear function or a constant. The 
main advantage of this method is that it makes the outputs easier to compute, making it more suitable for 
applications that require numerical-based decisions, such as inventory management. This system 
essentially breaks down the problem into several simple rules that can be evaluated simultaneously, which 
facilitates data analysis and interpretation (Sihombing, 2024). 

The Fuzzy Sugeno system consists of three main components: fuzzification, fuzzy inference, and 
defuzzification. Membership values in the fuzzy set are converted into crisp inputs during the 
fuzzification stage. Then, in the fuzzy inference stage, these membership values are combined with 
predefined fuzzy rules to generate the appropriate output. Finally, the defuzzification process converts the 
fuzzy output back into crisp values that can be used for decision-making (Darmawi et al., 2020). 

The use of the Sugeno fuzzy logic method has the potential to handle inventory management 
variables, both simple and complex. This is particularly applicable in cases where there are variations in 
the quantity of available inventory and uncertainties in demand. This data analysis method allows for 
more suitable and responsive solutions to market dynamics (Warmansyah & Hilpiah, 2019). It aids in 
better and more efficient decision-making in the food industry. 

 



 
 
 
 
 

Through data analysis conducted with the Sugeno fuzzy method using MATLAB, this research 
aims to demonstrate the effectiveness of the Fuzzy Logic approach in optimizing raw material inventory 
management. The results of this implementation are expected to provide valuable insights into how Fuzzy 
Logic can be utilized as a decision-making tool that is more accurate and data-driven in the context of 
food industry management. 

 
 
RESULTS AND DISCUSSION 
Data Collection 

Table 1. Pie crust production data for the period April 2023 to May 2024 
Month of production Initial stock Production quantity Incoming goods Final stock 

April 2023 1000 300 310 1010 

May 2023 1010 598 620 1032 

June 2023 1032 799 920 1153 

July 2023 1153 861 730 1022 

August 2023 1022 670 673 1026 

September 2023 1026 1108 1140 1058 

October 2023 1058 1579 1535 1014 

November 2023 1014 1090 1095 1019 

December 2023 1019 659 730 1090 

January 2024 1090 672 650 1068 

February 2024 1068 1195 1145 1018 

March 2024 1018 1200 1178 996 

April 2024 996 1220 1250 1026 

May 2024 1026 1100 1115 1041 

 
The data above represents a datasets of pie crust production from April 2023 to May 2024. The 

collected data includes initial stock, production volume, incoming goods, and ending stock for each 
month. This data has been gathered to analyze production patterns of pie crust and identify the factors 
affecting the ending stock. 

 
Needs Analysis 

1.​ Input Analysis 
​ The input variables are factors that influence the output variables. There are three input 
variables: Initial Stock, Production, and Incoming Goods. These three input variables are grouped 
into three fuzzy sets: low, medium, and high. This categorization is done to accommodate 
uncertainties in the data.  
 
 

 



 
 
 
 
 

 
 

Table 2. Variable input 
Function Variable Fuzzy set Universe set Domain 

 
 
 
 
 
 
 

Input 

 
 

Initial stock 

Few  
 

996-1153 

[996-1075] 

Medium [996-1075-1153] 

High [1075-1153] 

 
 

Production 

Few  
 

300-1579 

[300-940] 

Medium [300-940-1579] 

High [940-1579] 

 
 

Incoming goods 

Few  
 

310-1535 

[310-923] 

Medium [310-923-1535] 

High [923-1535] 

2.​ Output Analysis 
​ The output variables are factors that are influenced by the input variables. The output is 
the result that is intended to be predicted or analyzed. The output variable includes the ending 
stock of pie crust, which is categorized into three fuzzy sets: low, medium, and high. 
 

Table 3. Variable output 
Function Variable Fuzzy set Domain 

 
 

Output 

 
 

Final stock 

Few [996] 

Medium [1075] 

High [1153] 

 
3.​ Rules 

​ Rules in fuzzy logic are a set of guidelines that connect input variables with output 
variables. These rules help address the uncertainties present in the data and facilitate 
decision-making regarding the ending stock value based on combinations of input variable values. 
Fuzzy logic allows for decision-making based on “if-then” rules that reflect the relationship 
between input and output variables. There are 27 possible combinations for creating different 
fuzzy rules. 

 
Table 4. Rules 

No Input Output 
Initial Stock (x1) Incoming Goods (x2) Production (x3) Final Stock 

1 Few Few Few Few 

 



 
 
 
 
 

2 Few Few Moderate Moderate 
3 Few Few Many Many 
4 Few Moderate Few  Few 
5 Few Moderate Moderate Few 
6 Few Moderate Many Moderate 
7 Few Many Few  Few 
8 Few Many Moderate Few 
9 Few Many Many Moderate 
10 Moderate Few Few  Moderate 
11 Moderate Few Moderate Moderate 
12 Moderate Few Many Many 
13 Moderate Moderate Few  Few 
14 Moderate Moderate Moderate Moderate 
15 Moderate Moderate Many Many  
16 Moderate Many Few  Few 
17 Moderate Many Moderate Moderate 
18 Moderate Many Many Many 
19 Moderate Few Few  Moderate 
20 Many Few Moderate Moderate 
21 Many Few Many Many 
22 Many Moderate Few  Moderate 
23 Many Moderate Moderate Moderate 
24 Many Moderate Many Many 
25 Many Many Few  Few 
26 Many Many Moderate Many 
27 Many Many Many Many 

 
Fuzzy Sugeno Design 

1.​ Initial Stock Input Variable 
The input variable of initial stock, often referred to as the initial stock, is the amount of 

inventory or raw materials available before the production process begins (Fatwa et al., 2022). 
Initial stock is one of the essential input variables used to manage inventory optimally to meet 
production needs without significant shortages or surpluses (Yudha & Putri, 2024). 

Initial stock serves as a key variable in inventory management systems, helping to 
balance supply and demand. In this context, pie companies need to ensure that the initial stock 
level is adequate to meet production requirements without stagnation due to excessive stock 
(Alim et al., 2023). If the initial stock is too low, the company may experience shortages of raw 
materials, potentially disrupting production. Conversely, if the initial stock is too high, there will 
be additional storage costs and the risk of losses due to expired products. 

Based on initial stock input data for pie crusts obtained from a food industry producing 
pies, the minimum initial stock generated was 996 units, while the maximum was 1,153 units. 
This initial stock data range, from 996 to 1,153 units with a midpoint of 1,075 units, can be used 
as an input variable for initial stock. This range can then be applied to calculate fuzzy sets using 
the following formula. 

Fuzzy logic can be applied to manage uncertainty in fluctuating market demand. This 
method enables more flexible decision-making in managing initial stock, allowing companies to 
adapt to changing market conditions (Zhang & Wang, 2024). For example, by using the Sugeno 

 



 
 
 
 
 

fuzzy logic approach, the "initial stock" input can be processed into a relevant fuzzy value, which 
can then be used for inference and defuzzification to produce a more accurate value. 

 
This formula serves as the foundation for developing a fuzzy-based prediction system 

that can accommodate market demand uncertainty and fluctuations. The Sugeno fuzzy logic 
transforms the “Initial Stock” input into a fuzzy value, which is then processed using inference 
rules and defuzzified to produce an accurate value. Based on the obtained data, the value of “a” 
can be replaced with the minimum production value, which is 996 units, the value of “b” with the 
midpoint of production, which is 1,075 units, and the value of “c” with the maximum production 
value, which is 1,153 units. Thus, it can be applied in the set as follows. 

 
The calculated set values represent a membership function used to convert crisp data into 

fuzzy set data. This set value requires a triangular membership function, which acts as a curve to 
map input data points to membership values ranging from 0 to 1. For the “Initial Stock” variable, 
the triangular membership function can be constructed based on the domain obtained from the 
following table. 

 



 
 
 
 
 

 
Figure 1 Membership function of the “Initial Stock” input variable 

 
2.​ Production Input Variables 

In determining the raw materials needed in the industry, production volume is key to 
ensuring the efficiency, quality, and sustainability of company operations. Incorrect production 
volume can lead to inefficiencies, uncertain or uncontrolled raw material inventory, and reduced 
marketing opportunities (Wicaksono et al., 2023). Production is an activity aimed at creating a 
product, whether a good or service, that will be used by consumers. To generate profit for an 
industry, an optimal production process is essential (Gustian & Gayatri, 2020). The number of 
products to be produced in an industry is determined by market demand and previous product 
inventory (Nasution & Prakarsa, 2020). Optimizing product production requires consideration of 
several factors, including market demand and previous product inventory. This optimization will 
have a positive impact on the subsequent production process (Priyo, 2017). By optimizing the 
production process, the need for raw materials becomes more efficient. 

Based on pie crust production data obtained from a food industry producing pies, the 
minimum production output was 300 units, while the maximum was 1,579 units. This production 
data range, from 300 to 1,579 units with a midpoint of 940 units, can be used as a variable for 
initial production stock. This range can then be applied to calculate fuzzy sets using the following 
formula. 

   

 



 
 
 
 
 

The formula structured as above can be directly used to calculate fuzzy sets to determine 
the membership function for the “Production” variable. Based on the obtained data, the value of 
“a” can be replaced with the minimum production value, which is 300 units; the value of “b” with 
the midpoint of production, which is 940 units; and the value of “c” with the maximum 
production value, which is 1,579 units. Thus, it can be applied in the set as follows. 

 
The set values obtained as above are used to determine the function and membership 

values to be applied. The membership function used is the triangular membership function, with 
membership values ranging from 0 to 1. Based on the obtained set, the triangular membership 
function for the “Production” variable is as follows. 

 

 
Figure 2 Membership function of the “Production” input variable 

 
Once the membership values are converted into crisp inputs and an appropriate 

membership function is established, they will then be combined with predefined rules to obtain 
the desired output. 

  
3.​ Input Variable Incoming Goods 

​ The implementation of fuzzy logic on the input variable “Incoming Goods” aims to 
optimize the decision-making process in the inventory system by considering aspects of 

 



 
 
 
 
 

uncertainty and variability in the quantity of goods entering the warehouse. The determination of 
the membership function for the variable “Incoming Goods” is divided into three categories that 
represent actual conditions in the field: Low, Medium, and High. 

Fuzzy Logic is an enhancement of Boolean logic that introduces the concept of partial 
truth, where classical logic states that everything can be expressed in binary terms (0 or 1, black 
or white, yes or no) (Setia & Ramadan, 2019). In its implementation, fuzzy logic allows systems 
to handle data uncertainty in a more natural manner, similar to human decision-making processes. 
The system can provide smoother and more adaptive responses to changes in input, resulting in 
more accurate and consistent outputs. 

Based on the input data for the initial stock of pie crust obtained from one of the food 
industries producing pies, the minimum initial stock produced is 310 units, while the maximum is 
1535 units. This initial stock can be used as an input variable for the initial stock, which lies 
within the range of 310 to 1535 units, with a midpoint value of 923 units. This range can then be 
used to calculate the fuzzy set using the following formula. 

 
The formulated equations can be directly used to calculate the fuzzy set in determining 

the membership function for the variable “Production.” Based on the obtained data, the value ￼ 
can be filled with the minimum production of 310 units, the value ￼ with the median production 
of 923 units, and the value ￼ with the maximum production of 1535 units. This equation serves 
as the foundation for developing a fuzzy-based prediction system capable of addressing 
uncertainties and fluctuations in market demand. By using Sugeno fuzzy logic, the input “Initial 
Stock” is converted into a fuzzy value, which is then processed through inference rules and 
defuzzified to generate accurate predictive values. Thus, it can be applied in the following sets. 
 

 



 
 
 
 
 

 
 

The calculated set values serve as the basis for the membership function, which is used to 
convert crisp data into fuzzy data. This set requires a triangular membership function, which acts 
as a curve to map input data points to membership values within the range of 0 to 1. Based on 
these set values, the triangular membership function is used as a reference to determine the 
function and membership values. For the variable “Incoming Goods,” this triangular membership 
function can be constructed with the domain obtained from the following table. 
 

 
Figure 3 Membership function of the “Incoming Goods” input variable 

 
4.​ Defuzzification 

Defuzzification is a crucial process in fuzzy logic systems that aims to convert fuzzy 
values into crisp or real values. In the context of pie production, defuzzification assists in 
decision-making related to the quality, quantity, and types of raw materials used. For example, 
when determining the amount of ingredients such as flour, sugar, and others, pie producers can 
utilize fuzzy systems to capture uncertainties and variations in consumer preferences and 
production conditions. Thus, the defuzzification process yields results that are more accurate and 
aligned with real-world conditions (Mardiana et al., 2021). 

Commonly used defuzzification methods include centroid, bisector, and mean of maxima. 
In pie production, the centroid method is often chosen because it provides a more representative 
outcome of the resulting fuzzy values. For instance, when considering various pie flavors that 
consumers prefer, the fuzzy system can evaluate sales data and flavor preferences. The results of 

 



 
 
 
 
 

this evaluation are then defuzzified to determine which flavors should be produced in greater 
quantities, enabling producers to meet market demand more efficiently (Hidayati & Purwanto, 
2020). 

The application of defuzzification in pie production not only enhances production 
efficiency but also aids in the development of more innovative new products. By analyzing data 
and integrating the results of defuzzification, producers can create flavor combinations that align 
with market tastes and current trends. This is essential for maintaining competitiveness in the 
increasingly competitive food industry (Rizki et al., 2022).  

 

 
Figure 4 Defuzzification of the rules results 

 
In the context of fuzzy logic systems, the surface of defuzzification results represents a 

crucial visualization that assists in understanding how fuzzy values translate into crisp outputs. 
This surface is typically generated by plotting the output values against varying inputs, which 
allows producers to observe the relationships and interactions between different factors involved 
in production processes. For example, in pie production, the surface can illustrate how changes in 
ingredient quantities (such as flour or sugar) affect the final output, such as the preferred flavor or 
quality rating of the pie. This visualization is not only useful for decision-making but also aids in 
identifying optimal production conditions and parameters that lead to the best possible outcomes 
(Davis & Thompson, 2021). 

 

 



 
 
 
 
 

 
Figure 5 Surface of defuzzification results 

 
Moreover, analyzing the surface of defuzzification results can provide insights into 

consumer preferences and market trends, enabling producers to adapt their strategies accordingly. 
By examining the contours of the surface, producers can pinpoint areas that represent high 
satisfaction levels or optimal ingredient combinations, facilitating targeted adjustments to recipes 
or production techniques. This data-driven approach can lead to more effective marketing 
strategies and product innovations, ensuring that offerings remain aligned with consumer desires 
and expectations. Ultimately, the surface of defuzzification results serves as a powerful tool for 
enhancing product quality and fostering competitiveness within the food industry (Garcia & Lee, 
2023). 

 
 
CONCLUSION  

A deep understanding of how to manage raw material inventory in the food sector is the 
achievement and expected output of this experiment. The emphasis is on the application of Fuzzy Logic 
methods, specifically Fuzzy Sugeno. This method has proven effective in dealing with uncertainty and 
can enhance accuracy in stock projections. Utilizing this method allows companies to adapt more quickly 
to changes in market demand, ultimately reducing risks in inventory management. The implementation of 
fuzzy logic methods not only supports operational continuity and business stability but also demonstrates 
significant potential for improving efficiency and long-term profitability for companies. Therefore, this 
research encourages companies to continue developing and utilizing fuzzy-based systems in inventory 
management within the industry. 
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areas that require improvement. Building good collaboration with suppliers will enhance the company’s 
flexibility and its ability to respond to changes in market demand. 
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