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1. INTRODUCTION

Production efficacy is a critical factor in determining the success of a company in the manufacturing
sector, inefficient processes can lead to wasted resources, increased costs, and decreased product quality
[1]-[3]. As a result, many companies are looking for ways to improve the efficiency of their production
processes [4], [5]. Uncertainty about market demand and raw material availability often leads to incorrect
production planning, resulting in over- or under-production [6]. This is one of the major challenges faced in
efforts to improve production efficiency. The fuzzy Tsukamoto method is one of many artificial intelligence
(Al) approaches to address this problem [7]-[10].

The Tsukamoto fuzzy approach is one of the fuzzy system techniques that can deal with ambiguity
in data. This method allows for modeling uncertain variables more flexibly, resulting in more accurate and
adaptive decisions [11], [12]. The goal of this research is to use the Tsukamoto fuzzy approach to develop a
production prediction system for the industrial sector. It is expected that this method can improve the
efficiency of production planning.

The Tsukamoto method is one of the logic strategies that can handle ambiguous or uncertain data
[13]-[15]. This method, in the context of production, has the ability to more accurately simulate the
relationship between variables such as demand levels and availability [16]-[19]. As a result, this method is
not only able to provide more accurate predictions, but also allows companies to adapt more quickly and
efficiently to changing market conditions. It is hoped that this research will help improve production
efficiency in the manufacturing sector by applying the fuzzy Tsukamoto method. It is anticipated that the
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fuzzy method’s application in the decision support system will aid in determining how many things should be
produced. Next, the Tsukamoto method will be employed by the decision support system to process the data
in the input variables, and the output will indicate the quantity of products that require production [20].

2. PROPOSED METHOD
2.1. Research method
To plan, implement, and analyze research, these are some of the research methods used, namely:

— Literature study: the initial step involved a comprehensive literature review to gather theoretical
knowledge about production efficiency and the fuzzy Tsukamoto inference system. Sources include peer-
reviewed journals, technical books, prior research articles, and relevant case studies. This step established
the theoretical foundation and guided the experimental design.

— Experimental method:

1) Problem identification
The study started by identifying inefficiencies in the manufacturing process through collaboration
with a case study company. Data regarding demand variability and inventory availability were
analyzed.
2) System development
a. Design phase
The fuzzy Tsukamoto method was chosen for its capability to handle uncertainty in production
processes. A flowchart as shown in Figure 1 outlines the system development process, which
includes input, processing, and output stages.
b. Implementation
— The system interface was designed to allow users to input demand and inventory data.
— A backend was built to calculate optimal production quantities using fuzzy Tsukamoto rules.
— Results were displayed in a user-friendly interface, including visual charts for inference and
output validation.
3) Fuzzy logic application
a. Fuzzification: crisp input variables (e.g., demand, inventory) were converted into linguistic
variables using triangular membership functions.
b. Rule establishment: rules such as “IF Demand is High AND Inventory is Low THEN Production
Increases” were defined.
c. Inference process: the system calculated the degree of rule activation (a-predicate) using the
MIN implication function and determined outputs for each rule.
d. Defuzzification: the output was transformed into a crisp production value using the weighted
average method.
4) System testing
The developed system was tested on real production data, with demand ranging from 2,900 to 7,800
units and inventory ranging from 580 to 1,700 units. The output provided predictions for optimal
production levels (4,140 to 8,460 units).

2.2. Flowchart

In the application development process, there are several stages to achieve maximum results as in
Figure 1. The research flow used to develop a manufacturing production prediction system using the fuzzy
Tsukamoto method is depicted in Figure 1. The flow of this system begins with a start then the next stage
enters the dashboard page, on the dashboard page the user is asked to enter demand and supply to find the
amount of production, and the data will be processed using the method of fuzzy Tsukamoto, and the results
of the calculation will be recorded in the database. The results will be displayed on the results page, and a
chart will be used to visualize the data. This flow is concluded with the completion of the process.

2.3. Fuzzy Tsukamoto

Fuzzy logic is a branch of computer science that investigates truth values that possess multiple
values [21], [22]. In classical logic, truth values are either O (false) or 1 (true). However, fuzzy logic has
actual truth values within the range of [0,1]. Fuzzy logic is based on the human cognitive process, which
means that its values encompass not only 0 and 1, but also all potential values between 0 and 1 [23]. The
concept of fuzzy logic enables us to address uncertainty in data and generate results that are more realistic
and consistent with the conditions [24]. Fuzzy truth values may be classified as true, somewhat true, less true,
not true, or very true [25].
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The initial developer of fuzzy logic was Lotfi A. Zadeh, an Iranian-American scientist at the
University of California. The Tsukamoto fuzzy method is one of the most popular approaches to using fuzzy
logic to measure and improve production efficiency. However, Japanese practitioners created fuzzy logic.
The triangular curve design is shown in Figure 2 [26].
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Figure 1. System flowchart

a b c

Figure 2. Triangular curve

Example formula for fuzzification [27]:

0; x<aorx =c
ulx] {&x—a)/ (b — a); a<x <bh
(c—x)/(c—Db); b<x <c

Fuzzy sets with monotone membership functions should be used to represent each outcome of the
IF-THEN rules in the Tsukamoto fuzzy method. Tsukamoto fuzzy logic is chosen because it provides clear
outputs from individual rules [28]-[30]. The inference results of each rule are explicitly (strictly) provided in
accordance with the a-predicate (fire power), and the final result is subsequently determined by a weighted
average. The operational phases of the Tsukamoto fuzzy:

a. Fuzzification is the process of converting system inputs with fixed values into linguistic variables by
utilizing membership functions archived in a fuzzy knowledge base.

b. The establishment of an ambiguous knowledge base (Rule is IF THEN), that is typically employed in the
Tsukamoto fuzzy model is IF (X IS A), (Y IS B), and (Z IS C), where A, B, and C are fuzzy sets, fuzzy
rules in IF will connect more than one premise, and rules in THEN will connect more than one
conclusion. They can use conjunction statements (AND) or disjunction statements (OR), or both [31].

c. The inference engine is a process that employs the MIN implication function to determine the a-predicate
value for each Rule (al, a2, a3, ... an) [24]. Next, the precise inference result for each Rule (z1, z2, z3, ...
zn) is calculated using each a-predicate value.

d. Defuzzification, by using the average (weight average) with the formula: g aLzitazz?

al+a2

and use the center

area method with the formula: Z* y [26].
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3.  RESULTS AND DISCUSSION

The application of the fuzzy Tsukamoto method in this study successfully demonstrated its
capability to predict optimal production quantities in manufacturing, addressing uncertainties in demand and
inventory data. The system calculated a production value of 6,118 units for specific inputs (demand: 5,000
units; inventory: 950 units), showcasing its adaptability and accuracy. These findings align with previous
research emphasizing the advantages of fuzzy logic in managing ambiguity in production systems, leading to
improved decision-making compared to conventional methods. The method enhances manufacturing
efficiency by reducing costs, minimizing waste, and optimizing resources. However, its reliance on accurate
input data and computational demands poses limitations that future research could address by incorporating
additional variables or hybrid techniques to improve its performance in complex environments. Below is an
example of the results of the research conducted.

Figure 3 shows the production value calculation system interface using the fuzzy Tsukamoto method. This
shows an example where a user enters a demand value of 5,000 and an inventory value of 950. The system
processes these inputs using fuzzy logic rules to predict optimal production quantities, demonstrating its ability to
handle variability and provide accurate decision support for the manufacturing process.

Efisiensi Produksi

Test Data

Demand Supply

Rules Fuzzy Tsukamoto

No Fuzzy Rules

R1 IF Domand DECREASES And Supply 1S MUCH THEN Produ

R2 SA OW THEN

S MUCH THEN lterr CREASES

R4 IF Demand INCREASES And Supply IS LOW THEN Item n INCREASES

Figure 3. System page for calculating data

To calculate, it is necessary to calculate the largest demand (7800) and the smallest (2900), the
largest inventory (1700) and the smallest (580), and the largest production (8460) and the smallest (4140).
Then the membership data in Figure 4 is the result of the calculation using the fuzzy Tsukamoto formula
using the following formula:
— Request MAX
Figure 5 illustrates the Request MAX fuzzy membership function:

urequestMAX [5000] = (5000 —2900)/4900 = 0.43

Figure 5 depicts the membership function diagram for maximum requests (RequestMAX). The diagram
represents the fuzzification process, where query values are converted into linguistic variables based on their
degree of membership. This visualization helps in understanding how the fuzzy system categorizes different
levels of demand, forming the basis for further inference and production prediction.

Membership Value Data
Membership Value
DemandMAX 043
DemandMIN 057
SupplyMAX 033
SupllyMIN 067

Prediction Result Data
No Demand Supply MIN Production
Ri 057 033 033 7034
R2 057 067 057 5008
R3 043 033 033 5566

R4 043 067 043 5908
Prediction Result

Result

8117.83

Figure 4. System page for calculating data
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Figure 5. Diagram RequestMAX

— Request MIN
Figure 6 illustrates the Request MIN fuzzy membership function:

urequestMIN [5000] = (7800 — 5000)/4900 = 0.57

Figure 6 illustrates the “Request MIN” diagram, which represents the membership function for the
lowest request level in the Tsukamoto fuzzy method. This graph is important in determining the minimum
demand membership degree, which directly affects the inference process used to calculate production values.
By visualizing this data, the system can process input variables more accurately, ensuring production
predictions are optimized even in low market demand scenarios.
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Figure 6. Diagram RequestMIN
— Supply MAX
Figure 7 illustrates the Supply MAX fuzzy membership function:
uSupply MAX [950] = (950 — 580)/1.120 = 0.33
Figure 7 illustrates the “Supply MAX” membership function used in the fuzzy Tsukamoto method.
This chart determines maximum supply levels based on input data, providing an important reference point for

calculating production levels. By visualizing the maximum supply range, the image helps understand how the
system processes supply data to make accurate and efficient production predictions.

UpP
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Figure 7. Diagram SupplyMAX
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— Supply MIN
Figure 8 illustrates the Supply MIN fuzzy membership function:

uSupplyMIN [950] = (1700 — 950)/1.120 = 0.67

Figure 8 illustrates the “Supply MIN” membership function used in the fuzzy Tsukamoto method.
This graph represents the smallest inventory level and its membership degree, which is important for
determining the level of correctness in fuzzy logic rules. The data obtained from this function contributes to
the inference process, ensuring the calculation of correct production predictions based on limited supply
conditions.
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Figure 8. Diagram SupplayMIN

After finding the membership value, the next step is to find the inference from the production that
matches the fuzzy Tsukamoto rule as follows.
— R1 = IF RequestMIN and SupplyMAX THEN production DECREASES
Predikat;y = pRequestMIN N SupplyMAX
= MIN (uRequestMIN[5000], uSupplyMAX[950])
= MIN(0.57;0.33)
= 0.33
= (8460 — 2)/4320 = 0.33 —> z, = 7034
— R2 = IF RequestMIN and SupplyMIN THEN production DECREASES
Predikat, = uRequestMIN N SupplyMIN
= MIN(uRequestMIN[5000], uSupplyMIN[950])
MIN (0.57;0.67)
= 0.57
= (8460 — 2)/4320 = 0.57 —> z, = 5998
— R3 = IF RequestMAX and SupplyMAX THEN production INCREASES
Predikat; = uRequestMAX N SupplyMAX
= MIN(uRequestMAX[5000], uSupplyMAX[950])
= MIN(0.43; 0.33)
= 0.33
= (z — 4140)/4320 = 0.33 —> z3; = 5566
— R4 = IF RequestMAX and SupplyMIN THEN production INCREASES
Predikaty = uRequestMAX N SupplyMIN
= MIN (uRequestMAX[5000], uSupplyMAX[950])
= MIN (0.43; 0.67)
= 043
= (z — 4140)/4320 = 0.43 —> z; = 5998
The next step is defuzzification to find the predicted production value, using the following formula [28]:

apredxzi+apredy*zZy+apreds*zz+apreda*zy

7 =

apredi+apred,+apredz+apred,

or if the value is rounded: 6118

0.33%7034+0.57+5998+0.33+5566+0.43+5998 __ 10156
= = =6117.83
0.33+0.57+0.33+0.43 1.66
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4. CONCLUSION

This study successfully developed a production prediction system using the fuzzy Tsukamoto
method to enhance production efficiency in the manufacturing industry. The method effectively handles
uncertainties in the production process by modeling variables such as demand and inventory availability
more flexibly. Testing results demonstrate that this system can generate more accurate and efficient decisions
compared to conventional methods, achieving cost reduction, improved resource management, waste
minimization, and production cycle optimization. The adoption of the fuzzy Tsukamoto method adds
significant value to companies facing increasing market competition by maintaining low production costs
without compromising product quality. This system is expected to serve as a decision-making tool for
companies to plan production more effectively and efficiently.
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