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This study addresses the competitive challenge between two 
mountain bike brands, Senator MTB and Aviator MTB, in capturing 
consumer preference within the East Java market. The research 
object focuses on product attribute comparison between the two 
brands, aiming to identify the optimal strategic positioning for 
each. The objective is to determine competitive strategies that 
minimize losses and maximize gains using a quantitative approach. 
Data were collected through a closed-ended Google Form survey 
distributed to 31 respondents, consisting of MTB users in East Java. 
The analysis employed paired comparison, Game Theory, and the 
primal–dual Simplex method, supported by validity, reliability, and 
data sufficiency tests. Results showed that Aviator, as the column 
player, minimized its loss to -7,714 units with a mixed strategy 
equally focusing (50.7% each) on a lightweight and rigid frame and 
a strong derailleur, while Senator, as the row player, maximized its 
gain to -7,715 units through a pure strategy fully (100%) leveraging 
the durability of the seatpost–stem–handlebar combination. The 
study concludes that Game Theory can effectively identify and 
quantify optimal strategies in product competition. The 
contribution of this research lies in providing empirical evidence of 
applying Game Theory in the bicycle industry to guide strategic 
product development and market positioning. 
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1. Introduction 

Game theory also plays an important role in strategy management.(Ma et al., 

2024)developed a cooperative game model to determine fair pricing strategies in Vehicle-to-

Grid (V2G) programs, encouraging active participation from companies. A similar approach 

was also implemented by(Yin et al., 2025)by using a master-slave game model to determine 

optimal capacity tariffs in a Virtual Power Plant (VPP). This demonstrates that game theory 

can be a powerful tool for balancing the interests of various parties in a distributed energy 

system. In the manufacturing sector,(Yuwono et al., 2025)introduced a hierarchical 

Stackelberg game framework to achieve self-optimization in distributed production systems. 

This strategy proved effective in aligning local and global objectives and improving adaptive 
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response to disturbances.(Marousi et al., 2024)used a game theory-based bilevel optimization 

model to design a more resilient gas industry supply chain by considering strategic customer 

behavior. In computing, game theory is used to improve operational efficiency.(Maldonado-

Carrascosa et al., 2024)developed a non-cooperative model for managing virtual machine 

migration in data centers, resulting in significant energy savings. The combination of game 

theory with advanced technology is also evident in the research.(Antonius, 2024), which uses 

Convolutional Neural Network (CNN) and game theory for efficient resource allocation in 

5G/6G networks. 

Game theory also extends to other fields(Perumalsamy et al., 2025)combined game 

theory with a Long Short-Term Memory (LSTM) deep learning model to analyze health impacts 

in industrial zones. This combination provides a powerful predictive tool for policy 

interventions.(Maleki Vishkaei & De Giovanni, 2025)integrates game theory with blockchain 

technology and IoT sensors (hardware oracles) to design transparent and efficient smart 

mobility systems that encourage sustainable behavior. Its ability to model strategic multi-actor 

interactions makes it a strong foundation for developing innovative and efficient solutions in 

various fields. Its integration with cutting-edge technologies such as artificial intelligence, 

blockchain, and deep learning is a significant trend in modern research to address increasingly 

complex challenges.Game theory is a highly relevant and versatile quantitative research 

method for addressing complex challenges across a wide range of sectors. Its ability to 

analyze strategic interactions between rational actors makes it an effective tool for optimizing 

systems and designing policies. Its applications are broad, ranging from improving renewable 

energy efficiency and managing complex power grids to optimizing supply chains and 

operations in the manufacturing and computing sectors. Furthermore, modern research trends 

demonstrate the integration of game theory with cutting-edge technologies such as artificial 

intelligence (AI), deep learning, and blockchain, resulting in innovative, predictive, and 

adaptive solutions to address issues ranging from environmental issues to public health issues 

to intelligent mobility systems. Thus, game theory not only provides a strong analytical 

foundation but also serves as a catalyst for the development of multidisciplinary solutions in 

today's technological era. 

Previous studies on bicycle product strategy selection have generally focused on 

customer satisfaction surveys, technical benchmarking, or cost-benefit analysis without 

integrating a Game Theory-based strategy optimization approach. The lack of research 

combining instrument reliability measurements with competitive mathematical models has 

resulted in a lack of quantitative guidance for manufacturers in selecting superior attributes. 

This gap is exacerbated by the lack of research formulating the optimal proportions of product 

attribute implementation simultaneously based on consumer preferences and the results of 
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minimax-maximum analysis. In an increasingly competitive bicycle market, product 

differentiation through technical attributes is a key determinant of competitive advantage. 

However, product strategy decisions are often based on subjective preferences or limited 

descriptive data. This research is significant because it offers a quantitative, game-theory-

based approach that can minimize the risk of suboptimal decisions. By combining empirical 

consumer evaluations of key attributes, a sturdy, lightweight frame, a soft, durable front fork, 

a strong derailleur, and a durable seatpost-stem-handlebar combination, this research 

provides an analytical framework that the bicycle manufacturing industry can adopt for 

production planning and innovation. 

This study presents an integrated approach between the validity and reliability test of 

bicycle product instruments with the application of Game Theory based on the simplex dual 

and primal methods to quantitatively evaluate the competitive strategies of two brands, 

Senator and Aviator. The combination of statistical analysis (test of calculated r against r table, 

Cronbach's Alpha) and mathematical model of strategy optimization is rarely used in 

comparative studies of bicycle product attributes. The main novelty lies in modeling the 

interaction of product attributes into a pay-off matrix optimized by linear programming, 

resulting in the optimal proportion of attribute implementation to maximize market 

competitiveness. 

This study aims to: (1) test the validity and reliability of the attributes of Senator and 

Aviator brand bicycles; (2) build a Game Theory model with a simplex dual and primal 

approach to determine the optimal strategy of each brand; and (3) identify the proportion of 

attribute use that is most effective in increasing competitiveness. This study expands the 

literature related to the application of Game Theory and linear programming in product strategy 

analysis based on consumer preferences. Not only that, it also provides data-based guidelines 

for strategic decision making in product development, which can improve production efficiency 

and strengthen the market position of bicycle manufacturers. 

2. Research methodology 

2.1. Design 

This study uses a quantitative approach with a comparative paired comparison method 

to measure differences in consumer perceptions of the attributes of the Senator and Aviator 

brand bicycles. Validity and reliability tests are used to ensure instrument accuracy, while 

Game Theory analysis using the minimax–maximin approach and the simplex (primal–dual) 

method is used to determine the optimal strategy for each brand. 

2.2. Population and Sample 

The study population comprised consumers who use or would-be buyers of Senator and 

Aviator bicycles residing in the study area. The sample was drawn using a purposive sampling 
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technique, selecting respondents who had experience using or comparing the two brands. 

Based on this criterion, 31 respondents provided ratings for each product attribute. 

2.3. Operational Research Variables 

The research variables consist of two main variables representing the quality attributes 

of the Senator and Aviator brand products. Each variable is measured using specific indicators 

tested for validity and reliability (Table 1). 

Table1. Research Indicators 
Variables Indicator Item Amount 

Senator Brand 
Product Quality 

Sturdy, lightweight frame, soft, durable front fork, strong derailleur, durable 
seatpost-stem-handlebar combination 

1, 2, 3, 4 4 

Aviator Brand 
Product Quality 

Sturdy, lightweight frame, soft, durable front fork, strong derailleur, durable 
seatpost-stem-handlebar combination 

1, 2, 3, 4 4 

Source: Processed Primary Data, 2025 

2.4. Observations and Interviews 

Data collection was conducted through the distribution of paired comparison forms to 

obtain respondents' assessments of the attributes of both brands. Field observations were 

used to confirm the physical suitability and product specifications, while brief interviews were 

conducted to understand the reasons for respondents' preferences for certain attributes. 

2.5. Research Tools 
The research instrument in the form of a paired comparison form adapted from the 

paired comparison scale method, was used to measure respondents' perceptions of the 

product attributes of the two brands. Data analysis was carried out in four stages, namely: (1) 

validity and reliability tests to ensure the feasibility of the instrument; (2) preparation of a 

competitive value matrix to identify the strengths and weaknesses of each brand; (3) Game 

Theory analysis stages I–III which include strategy elimination, saddle point identification, and 

application of the simplex method (primal–dual). 

2.6. Research Procedure 

The data collection stage was carried out by distributing respondent forms as primary 

data to 31 Senator MTB and Aviator MTB bicycle users in the East Java region. The form is 

closed with three main sections, namely (1) characteristics of MTB bicycle users, (2) 

appearance of the Senator and Aviator bicycle products being compared, and (3) filling in 

strategy recommendations, which can be accessed via the 

linkhttps://forms.gle/eC5ANR5PMUQ6brBJ9The results of the form completion were 

automatically summarized in a spreadsheet via Google Forms as proof of completion and the 

basis for data tabulation. The data was then processed through validity, reliability, and data 

adequacy testing before being analyzed using Game Theory methods. 

The Simplex method in Game Theory is applied when the payoff matrix does not have 

a saddle point, requiring the problem to be converted into a linear programming model. Let 

a₍ᵢⱼ₎represent the payoff of strategy i (row player) against strategy j (column player), V the value 
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of the game, xᵢ the proportion of strategy i chosen by the row player, and yⱼ the proportion of 

strategy j chosen by the column player. For the row player, the primal model aims to maximize 

V subject to the condition that the sum of (a₍ᵢⱼ₎× xᵢ) for each column j is greater than or equal 

to V, with the total sum of all xᵢ equal to 1 and each xᵢ non-negative. For the column player, 

the dual model aims to minimize V subject to the condition that the sum of (a₍ᵢⱼ₎× yⱼ) for each 

row i is less than or equal to V, with the total sum of all yⱼ equal to 1 and each yⱼ non-negative. 

If the payoff matrix contains negative values, a constant K is added to each element so that 

all payoffs become non-negative, producing a transformed matrix b₍ᵢⱼ₎= a₍ᵢⱼ₎+ K. The problem 

is then rewritten to maximize Z = Σxᵢ subject to Σ(b₍ᵢⱼ₎× xᵢ) ≥ 1 for all j, with xᵢ ≥ 0. The value of 

the game is calculated as V = (1 / Σxᵢ) − K, and the optimal mixed strategy proportions for the 

row player are given by pᵢ = xᵢ / Σxᵢ. Through iterative computation using the Simplex method, 

this process determines the optimal mix of strategies for each player to maximize gains or 

minimize losses. 

2.7. Framework of thinking 

The research process begins with the Research Design, which outlines the use of a 

quantitative approach with paired comparison and Game Theory methods. It proceeds to Data 

Collection via Google Forms distributed to 31 respondents who are users of Senator and 

Aviator MTB bicycles. The collected responses undergo Data Processing, including validity, 

reliability, and data sufficiency tests to ensure accuracy. Once validated, the study advances 

to Game Theory Analysis, involving the construction of a payoff matrix, elimination of 

dominated strategies, formulation of linear programming models, and solving through the 

Simplex method. Finally, the Results stage presents the optimal strategies and game values, 

providing insights for product development and positioning before the process concludes 

(Figure 1). 

 
Figure1. Framework of thinking 

Source: (Author, 2022)  

3. Results and Discussion 

3.1. Result 

3.1.1 Form Data Testing 

The results of the paired comparison validity test on bicycle attributes from the Senator 

and Aviator brands showed that all items were valid, with a calculated r value greater than the 

table r (0.355). Attributes such as a sturdy, lightweight frame, a soft, durable front fork, a strong 

derailleur, and a durable seatpost, stem, and handlebar combination can significantly 

differentiate the quality of the two products (Table 2). 
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Table 2. Pairwise Comparison Attribute Validation 

Pairwise Comparison Attributes Rhitung Rtable Decision 
Pairwise Comparison 

Attributes 
Rhitung Rtable Decision 

A. Senator - Lightweight, Sturdy 
Frame 

0.03 0.25 Valid 
A. Senator - Strong Derailleur 

0.31 0.25 Valid 
B. Aviator - Lightweight, Sturdy 

Frame 
B. Aviator - Lightweight, 

Sturdy Frame 

A. Senator - Lightweight, Sturdy 
Frame 

0.39 0.25 Valid 
A. Senator - Strong Derailleur 

0.29 0.25 Valid 
B. Aviator - Soft, Durable Front 

Fork 
B. Aviator - Soft, Durable 

Front Fork 

A. Senator - Lightweight, Sturdy 
Frame 

0.29 0.25 Valid 
A. Senator - Strong Derailleur 

0.45 0.25 Valid 
B. Aviator - Powerful Derailleur 

B. Aviator - Powerful 
Derailleur 

A. Senator - Lightweight, Sturdy 
Frame 

0.35 0.25 Valid 

A. Senator - Strong Derailleur 

0.41 0.25 Valid 
B. Aviator - Durable Seatpost 
Stem Handlebar Combination 

B. Aviator - Durable Seatpost 
Stem Handlebar Combination 

A. Senator - Soft, Durable Front 
Fork 

0.26 0.25 Valid 

A. Senator - Durable 
Seatpost Stem Handlebar 

Combination 0.37 0.25 Valid 
B. Aviator - Lightweight, Sturdy 

Frame 
B. Aviator - Lightweight, 

Sturdy Frame 

A. Senator - Soft, Durable Front 
Fork 

0.41 0.25 Valid 

A. Senator - Durable 
Seatpost Stem Handlebar 

Combination 0.03 0.25 Valid 
B. Aviator - Soft, Durable Front 

Fork 
B. Aviator - Soft, Durable 

Front Fork 

A. Senator - Soft, Durable Front 
Fork 

0.44 0.25 Valid 

A. Senator - Durable 
Seatpost Stem Handlebar 

Combination 0.25 0.25 Valid 

B. Aviator - Powerful Derailleur 
B. Aviator - Powerful 

Derailleur 

A. Senator - Soft, Durable Front 
Fork 

0.35 0.25 Valid 

A. Senator - Durable 
Seatpost Stem Handlebar 

Combination 
0.32 0.25 Valid 

B. Aviator - Durable Seatpost 
Stem Handlebar Combination 

B. Aviator - Durable Seatpost 
Stem Handlebar Combination 

 

Table 3. Croncbach Alpha's 

Cronbach's Alpha 
Number of 

Items 

Standard Cronbach 

Alpha 
Decision 

0.797 16 0.600 Highly Reliable 

 

The reliability test using Cronbach's Alpha obtained a value of 0.797 from 16 items, 

which exceeds the minimum standard of 0.600. This indicates that20The instruments used 

were classified as highly reliable. This reliability confirms that the product attributes measured, 

such as bicycle components from the Senator and Aviator brands, have strong internal 

consistency (Table 3). 

3.1.2 Game Theory Phase I 

A recapitulation of the competitive value between Senator and Aviator brand bicycles 

based on the responses of 31 respondents to four strategic attributes: a sturdy, lightweight 

frame, a soft, durable front fork, a strong derailleur, and a durable seatpost, stem, and 

handlebar combination demonstrates consumer perceptions of the advantages of each brand. 

These results serve as an important reference for evaluating product quality and 
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competitiveness, as well as directing the development of more targeted production and 

innovation strategies according to market needs (Table 4). 

Table 4. Competitive Value 

Competitive Value 

Aviator 

Lightweight, 
Sturdy Frame 

Soft, Durable Front 
Fork 

Strong 
Derailleur 

Durable Seatpost Stem 
Handlebar Combination 

Senator 

Lightweight, Sturdy 
Frame 

20  18  14  16  

 11  13  17  15 

Soft, Durable Front 
Fork 

18  21  10  13  

 13  10  20  18 

Strong Derailleur 
11  16  12  16  

 20  15  19  15 

Durable Seatpost 
Stem Handlebar 

Combination 

17  15  17  17  

 14  16  14  14 

 
The payoff matrix between Senator and Aviator bicycles shows the difference in attribute 

values based on the reduction of Senator's value compared to Aviator's, for example, the 

lightweight, sturdy frame attribute with a difference of 9 (from 20–11). Minimax is the largest 

indicator value for Aviator, while maximin is the smallest value for Senator. These two values 

do not yet have a saddle point, so it is necessary to eliminate the smallest value for Senator 

and the largest value for Aviator (Table 5). 

Table 5. Pay-Off Matrix of Mixed Minimax and Maximin Strategies Stage I 

Pay-Off Matrix 

Aviator 

Maximi
n 

Amoun
t 

Lightwei
ght, 

Sturdy 
Frame 

Soft, 
Durable 

Front Fork 

Strong 
Derailleur 

Durable Seatpost 
Stem Handlebar 

Combination 

Se
na
tor 

Lightweight, Sturdy Frame 9 5 -3 1 -3 12 

Soft, Durable Front Fork 5 11 -10 -5 -10 1 

Strong Derailleur -9 1 -7 1 -9 -14 

Durable Seatpost Stem Handlebar 
Combination 

3 -1 3 3 -1 8 

Minimax 9 11 3 3   

Amount 8 16 -17 0   

Eliminating strategies in the mixed strategy approach due to the lack of a saddle point. The 

Senator attribute that was eliminated was the strong derailleur, as it produced the lowest total gain 

(-14), while on the Aviator side, the soft and resilient front fork attribute was eliminated because it 

produced the largest total loss (-17) (Table 6). 

Table 6. Minimax and Maximin Mixed Strategy Pay-Off Matrix Stage II 

Pay-Off Matrix 

Aviator 

Lightweight, 
Sturdy Frame 

Strong 
Derailleur 

Durable Seatpost 
Stem Handlebar 

Combination 
Maximin 

Senator 

Lightweight, Sturdy Frame 9 -3 1 -3 

Soft, Durable Front Fork 5 -10 -5 -10 

Durable Seatpost Stem 
Handlebar Combination 

3 3 3 3 

Minimax  9 3 3  
 

The saddle point value is the meeting point of the Durable Seatpost Stem Handlebar 

Combination attribute with a value of 3 with a strong derailleur with a value of 3. There are 2 

saddle points, so the assumption used is the meeting point of the Durable Seatpost Stem 

Handlebar Combination matrix with a Strong Derailleur. Maximin is not the same as minimax, 

https://jurnal.unikchers.com/jslmpe/index


Journal of Smart Lean Manufacturing and Process Enhancement 
 

Chers Publishers 
https://jurnal.unikchers.com/jslmpe/index 

 

Vol. 1, No. 1, 2025, pp. 15 - 28 
ISSN. Xxx-xxx (Print), ISSN. Xxx-xxx (Online) 

 

  Anang Siswanto, Saiful Rowi, Venus Khatta Salsabillah, Rudi Kurniawan, Sindy Nindia Maretha HarisTanti, Johan Alfian Pradana|22 
 

 

the most detrimental Senator = -9, the most detrimental positive = 11, k value >= 1. The 

assumption for k is 11 so that the linear program value is not negative. Thus, the solution to 

this case uses a linear program using the simplex method. 

Aviator code notes: 

y1 =Lightweight, Sturdy Frame 

y3 = Strong Derailleur 

y4 = Durable Seatpost Stem Handlebar Combination 

Senator code notes: 

x1 =Lightweight, Sturdy Frame 

x2 =Soft, Durable Front Fork 

x4 =Durable Seatpost Stem Handlebar Combination 

The 3 x 3 matrix model used added a value of 11 to each Senator and Aviator attribute 

(Table 7). 

Table 7. Dual Simplex Modeling 

 

Aviator 

Lightweight Sturdy Frame 
(y1) 

Strong Derailleur 
(y3) 

Durable Seatpost Stem 
Handlebar Combination 

(y4) 

Senator 

Lightweight Sturdy Frame 
(x1) 

20 8 12 

Shock-Resistant Soft Front 
Fork (x2) 

16 1 6 

Durable Seatpost Stem 
Handlebar Combination 

(x4) 
14 14 14 

3.1.2 Game Theory Phase II 

1. Dual Simplex Method 

 
Figure 1. Dual Simplex 

2. Linear Programming Formulation for Aviator (Dual) 

The linear programming formulation for Aviator is: 

𝑀𝑎𝑘𝑠𝑖𝑚𝑢𝑚 𝑍 =  𝑦1 + 𝑦3 + 𝑦4 

𝑘𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛 

20𝑦1 + 8𝑦3 + 12𝑦4  ≤ 1  
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16𝑦1 + 𝑦3 + 6𝑦4  ≤ 1 

14𝑦1 + 14𝑦3 + 14𝑦4  ≤ 1 

𝑦1, 𝑦2, 𝑦4  ≥ 0 

Then it is changed into a model 

𝑍𝑚𝑎𝑘𝑠 −  𝑦1 − 𝑦3 − 𝑦4 − 0𝑆1 − 0𝑆3 − 0𝑆4 = 0 

Additional constraint function with variable slack 

20𝑦1 + 8𝑦3 + 11𝑦4 + 𝑆1                                      = 1  

16𝑦1 +    𝑦3 +    6𝑦4           + 𝑆3                           =  1 

14𝑦1 + 14𝑦3 + 14𝑦4                     + 𝑆4                =  1 

𝑦1, 𝑦3, 𝑦4, 𝑆1, 𝑆3, 𝑆4 ≥ 0 

Iteration 1  Cj 1 1 1 0 0 0  
B CB YB y1 y3 y4 S1 S3 S4 Min Ratio YB/y1 

S1 0 1 (20) 8 12 1 0 0 1/20=0.05→ 
S3 0 1 16 1 6 0 1 0 1/16=0.062 
S4 0 1 14 14 14 0 0 1 1/14=0.071 

Z=0  Zj 0 0 0 0 0 0  
  Zj-Cj -1Up -1 -1 0 0 0  

 

The first iteration of the Zj - Cj minimum negative value is -1 at the first column index, 

so the variable entering the basis is y1. The minimum ratio is found in the first row with a value 

of 0.05 (1/20), so the variable leaving the basis is S1. Thus, the pivot element or key element 

is located at position 20 to increase the effectiveness of the strategy. 

R1(old) = 1 20 8 12 1 0 0 
R1(new)=R1(old) ÷20 0.05 1 0.4 0.6 0.05 0 0 

Thus, the new row model R2 follows: 

R2(old) = 1 16 1 6 0 1 0 
R1(new) = 0.05 1 0.4 0.6 0.05 0 0 

16×R1(new) = 0.8 16 6.4 9.6 0.8 0 0 
R2(new)=R2(old) - 16R1(new) 0.2 0 -5.4 -3.6 -0.8 1 0 

Meanwhile, the new R3 line models are as follows: 

R3(old) = 1 14 14 14 0 0 1 
R1(new) = 0.05 1 0.4 0.6 0.05 0 0 

14×R1(new) = 0.7 14 5.6 8.4 0.7 0 0 
R3(new)=R3(old) - 14R1(new) 0.3 0 8.4 5.6 -0.7 0 1 

 
Iteration 2  Cj 1 1 1 0 0 0  

B CB YB y1 y3 y4 S1 S3 S4 Min Ratio YB/y4 
y1 1 0.05 1 0.4 0.6 0.05 0 0 0.05/0.4=0.125 
S3 0 0.2 0 -5.4 -3.6 -0.8 1 0 --- 
S4 0 0.3 0 (8.4) 5.6 -0.7 0 1 0.38.4=0.036→ 

Z=0.05  Zj 1 0.4 0.6 0.05 0 0  
  Zj-Cj 0 -0.6Up -0.4 0.05 0 0  

The negative minimum Zj-Cj is -0.6 and the column index is 2. So, the incoming 

variable is y3. The minimum ratio is 0.036 and the row index is 3. So, the remaining basic 

variable is S3. The pivot element is 8.4. 

Input =y3, output =S4, key element =8.4 

So, the new R3 row model is as follows: 

R3(old) = 0.3 0 8.4 5.6 -0.7 0 1 
R3(new)=R3(old) ÷8.4 0.036 0 1 0.667 -0.083 0 0.119 

The new R1 line models are as follows: 
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R1(old) = 0.05 1 0.4 0.6 0.05 0 0 
R3(new) = 0.036 0 1 0.667 -0.083 0 0.119 

0.4×R3(new) = 0.014 0 0.4 0.267 -0.033 0 0.048 
R1(new)=R1(old) - 0.4R3(new) 0.036 1 0 0.333 0.083 0 -0.048 

 
R2(old) = 0.2 0 -5.4 -3.6 -0.8 1 0 
R3(new) = 0.036 0 1 0.667 -0.083 0 0.119 

5.4×R3(new) = 0.193 0 5.4 3.6 -0.45 0 0.643 
R2(new)=R2(old) + 5.4R3(new) 0.393 0 0 0 -1.25 1 0.643 

 
Iteration 3  Cj 1 1 1 0 0 0  

B CB YB y1 y3 y4 S1 S3 S4 MinRatio 
y1 1 0.036 1 0 0.333 0.083 0 -0.048  
S3 0 0.393 0 0 0 -1.25 1 0.643  
y3 1 0.036 0 1 0.667 -0.083 0 0.119  

Z=0.071  Zj 1 1 1 0 0 0.071  
  Zj-Cj 0 0 0 0 0 0.071  

Since all Zj-Cj ≥ 0. Therefore, the optimal solution is the value of the variables as: 

y1 = 0.036 

y3 = 0.036 

y4 = 0 

Max Z = 0.071 

Furthermore, 

𝑣 =
1

𝑀𝑎𝑥 𝑍
− 𝑘 =

1

0,071
− 11 = 3,286 →strategic value of 3.286 

𝑦1 =
𝑦1

𝑀𝑎𝑥 𝑍
=

0,036

0,071
= 0,507 →Therefore, the Lightweight Sturdy Frame strategy is applied 50.7% of the 

time. 

𝑦3 =
𝑦3

𝑀𝑎𝑥 𝑍
=

0,036

0,071
= 0,507 →Thus, the Strong Derailleur strategy is applied 50.7% of the time. 

𝑦4 =
𝑦4

𝑀𝑎𝑥 𝑍
=

0

0,071
= 0 →Seatpost Stem Handlebar Combination Strategy Durable not apply 

The game value calculation process is carried out by subtracting the v value of 3.256 from the 

constant 11, resulting in a game value of -7.714. This indicates that Aviator, as a column player, 

obtained a game value of -7.714 with a mixed strategy, namely using a sturdy and lightweight frame 

attribute of 50.7% and a strong derailleur of 50.7%. 

3. Linear Programming Formulation for Senator (Primal) 

The linear programming formulation for Senator is: 

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑌 =  𝑥1 + 𝑥2 + 𝑥4 

𝑘𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛 

20𝑥1 + 16𝑥2 + 14𝑥4  ≥ 1  
8𝑥1 + 𝑥2 + 14𝑥4  ≥ 1 

12𝑥1 + 6𝑥2 + 14𝑥4  ≥ 1 

𝑥1, 𝑥2, 𝑥4  ≥ 0 

Then it is changed into a model 

𝑌𝑚𝑖𝑛 − 𝑥1 − 𝑥2 − 𝑥4 − 0𝑆1 − 0𝑆2 − 0𝑆4 = 0 

Additional constraint function with variable slack 

20𝑥1 + 16𝑥2 + 14𝑥4 + 𝑆1                   = 1  
8𝑥1 + 𝑥2 + 14𝑥4                 + 𝑆2          = 1 

12𝑥1 + 6𝑥2 + 14𝑥4                     + 𝑆4 = 1 

𝑥1, 𝑥2, 𝑥4  ≥ 0  
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Iteration 1  Cj 1 1 1 0 0 0 M M M  
B CB YB x1 x2 x4 S1 S2 S4 A1 A2 A4 Min Ratio YB/x4 

A1 M 1 20 16 (14) -1 0 0 1 0 0 1/14=0.07→ 
A2 M 1 8 1 14 0 -1 0 0 1 0 1/14=0.07 
A4 M 1 12 6 14 0 0 -1 0 0 1 1/14=0.07 

Y=3M  Yj 40M 23M 42M -M -M -M M M M  

  Yj-Cj 40M-1 23M-1 
42M-
1Up 

-M -M -M 0 0 0  

 

The positive maximum of Yj-Cj is 42M-1 and its column index is 3. So, the incoming 

variable is x4. The minimum ratio is 0.07 and its row index is 1. So, the remaining basic 

variable is A1. The pivot element is 14. Entering =x4, leaving =A1, the key element =14. Then 

it is done until the 6th iteration, untilYj-Cj ≤ 0. 

Iteration 6  Cj 1 1 1 0 0 0  
B CB YB x1 x2 X4 S1 S2 S4 MinRatio 

X4 1 0.07 0 -0.64 1 0.11 0 -0.18  
S2 0 0 0 0 0 0.5 1 -1.5  
x1 1 0 1 1.25 0 -0.12 0 0.12  

Y=0.07  Yj 1 0.61 1 -0.02 0 -0.05  
  Yj-Cj 0 -0.39 0 -0.02 0 -0.05  

 

Since all Yj-Cj ≤ 0. Therefore, the optimal solution with variable values as: 

x1=0 

x2=0 

x4=0.07 

Min Z=0.07 

Furthermore, 

𝑣 =
1

𝑀𝑖𝑛 𝑌
− 𝑘 =

1

0,07
− 11 = 3,825 →strategic value of 3.825 

𝑥1 =
𝑥1

𝑀𝑖𝑛 𝑌
=

0

0,07
= 0 →Therefore, the Lightweight Solid Frame strategy is not implemented. 

𝑥2 =
𝑥2

𝑀𝑖𝑛 𝑌
=

0

0,07
= 0 →Therefore, the Soft, Resilient Front Fork strategy is not implemented. 

𝑥4 =
𝑥4

𝑀𝑖𝑛 𝑌
=

0,07

0,07
= 1 →The Durable Seatpost Stem Handlebar Combination Strategy is 

applied at 1.00. 

The process of generating the game value, then subtracting the value of v from the 

constant used is 11, then the game value = 3.825 – 11 = -7.175. Thus, the Senator as a line 

player gets a game value of -7.175 using the Durable Seatpost Stem Handlebar Combination 

strategy of 1.00. 

3.2. Discussion 

The research process begins with the Research Design, adopting a quantitative 

approach with paired comparison and Game Theory. Data Collection was conducted via 

Google Forms, targeting 31 respondents who are users of Senator MTB and Aviator MTB in 

East Java. The questionnaire consisted of three sections: respondent characteristics, 

comparative product display, and strategy recommendations. During Data Processing, a 

validity test showed all items met the requirement with r calculated greater than r table (0.355), 
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the reliability test produced a Cronbach's Alpha of 0.797 (above the 0.600 threshold), and the 

data sufficiency check confirmed adequacy. In Game Theory Analysis, a 4x4 payoff matrix 

was constructed, followed by elimination of dominated strategies to obtain a reduced 3x3 

matrix with an added constant K = 11. Linear programming models were then formulated for 

both players and solved using the Simplex method until all Zj - Cj values were greater than or 

equal to 0. The results showed Aviator's optimal mixed strategy was y1 = 0.507 (frame), y3 = 

0.507 (derailleur), and y4 = 0.000 (combo seatpost–stem–handlebar) with a game value of -

7.714, while Senator's optimal pure strategy was x4 = 1.000 (combo seatpost–stem–

handlebar) with a game value of -7.175. These findings provide clear guidance for product 

development and market positioning. The optimal game value obtained through the mixed 

strategy using the primal–dual method shows that Aviator, as the column player, will minimize 

its loss to -7,714 units by relying on the superior implementation of a lightweight and rigid 

frame and a strong derailleur, each contributing 50.7%. Meanwhile, Senator, as the row player, 

will maximize its gain to -7,715 units through a pure strategy, relying entirely on the durability 

of the seatpost–stem–handlebar combination attribute at 100%. 

4. Conclusions and Recommendations 

The study concludes that the application of paired comparison and Game Theory, 

analyzed using the primal–dual method, effectively identified optimal strategies for both 

brands. Aviator, as the column player, minimized its loss to -7,714 units by adopting a mixed 

strategy focusing equally (50.7% each) on a lightweight and rigid frame and a strong derailleur. 

Senator, as the row player, maximized its gain to -7,715 units through a pure strategy that fully 

(100%) leveraged the durability of the seatpost–stem–handlebar combination. These results 

demonstrate the ability of Game Theory to guide competitive decision-making in the bicycle 

industry. The findings provide actionable insights for product development and market 

positioning. Aviator should prioritize simultaneous improvements in frame and derailleur 

quality to maintain competitiveness. Senator should reinforce its dominance in the seatpost–

stem–handlebar durability attribute and use this as a central marketing and branding 

advantage. Both brands can use these insights to optimize resource allocation, refine product 

differentiation, and target consumer segments more effectively. Future studies could expand 

the sample size beyond 31 respondents to increase statistical robustness. Incorporating a 

broader range of product attributes, including emerging features such as integrated smart 

components or advanced suspension systems, may yield deeper strategic insights. 

Additionally, applying alternative decision-making models such as Multi-Criteria Decision 

Analysis (MCDA) or Analytic Hierarchy Process (AHP) alongside Game Theory could provide 

a more comprehensive evaluation of competitive strategies in the bicycle market. 
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