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Abstract 

This study explores the dynamic modeling of perishable resources in competitive attrition sce- 

narios, with a specific focus on the automotive sector. As the industry faces increasing 

pressure to optimize resource allocation amidst fluctuating demand and intense competition, 

understanding the lifecycle of perishable resources becomes critical. The research proposes a 

novel framework that integrates dynamic modeling techniques to simulate the allocation and 

utilization of resources under competitive attrition. By analyzing real-world data from the 

automotive sector, the study identifies key factors influencing resource degradation and 

competitive dynamics. The findings offer actionable insights for decision-makers to enhance 

resource efficiency, reduce waste, and maintain a competi- tive edge. This paper contributes 

to the broader discourse on sustainable resource management in high-stakes industries, 

providing a scalable model applicable beyond the automotive sector. 
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1. Introduction 

Attrition warfare in various industries, especially in the automotive industry, is recognized as 

one of the main challenges for businesses. This type of competition occurs when companies 

are forced to continuously reduce prices or increase costs to maintain their market share, 

which can ultimately lead to reduced profitability and even the exit of some players from the 

market [1,2]. The automotive industry, due to characteristics such as rapid technological 

changes, market developments, and complex customer needs, is one of the industries that is 

most affected by this type of competition [3-6]. 

In such circumstances, the management of perishable resources is a key factor in maintaining 

competitive advantage. Perishable resources refer to resources that lose their value and 

effectiveness over time and through continuous use. These resources can include outdated 

technologies, worn- out equipment, or even employee skills that become obsolete with new 

advancements [7]. In the automotive industry, these resources are particularly important due 

to the high speed of technological changes and the need for continuous innovation. 

One of the important aspects of managing perishable resources is modeling and predicting the 

behavior of these resources over time. Mathematical models and simulations can help 

companies more accurately predict the timing and extent of the decline in the value of their 

resources and plan for their replacement or update [8]. This is particularly important in the 

automotive industry, where research and development costs are very high. 

Attrition warfare in the automotive industry not only affects price reductions but can also lead 

to a decrease in product quality. Companies may use lower quality raw materials or simplify 

production processes to reduce costs, which can lead to reduced customer satisfaction and loss 

of market share [9]. Therefore, optimal management of perishable resources can help 

companies break out of this vicious cycle. 

Furthermore, attrition warfare can also affect companies’ innovation strategies. Companies 

that are constantly engaged in price reductions may have fewer resources to invest in 

innovation and new product development [10]. This is particularly true in the automotive 

industry, where innovation and technological advancement are key success factors, and can 

lead to a decline in companies’ competitiveness. 

Considering these challenges, this paper examines how to model perishable resources and 

their impact on attrition warfare in the automotive industry. The main objective of this paper 

is to provide a conceptual framework for optimal management of perishable resources and to 

reduce the negative impacts of attrition warfare on the profitability and sustainability of 

companies in the automotive industry. In this regard, mathematical models and simulations 

are used to predict the behavior of perishable resources and provide practical solutions. 

Finally, this paper seeks to answer the question of how companies operating in the automotive 

industry can survive attrition warfare through optimal management of perishable resources 

and even use it as an opportunity to increase profitability and competitive advantage. This 

issue is important not only for companies in the market but also for policymakers and 

researchers. 

Attrition competitions, often referred to as” wars of attrition,” are a fundamental concept in 

game theory, where competitors engage in prolonged struggles, depleting their resources in 

the pursuit of victory. These competitions are prevalent across various domains, including 

military conflicts, business rivalries, and political campaigns. The classical theoretical 
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framework for analyzing attrition competitions, rooted in game theory, typically assumes that 

resources are homogeneous and non- perishable [11,12]. However, this assumption often fails 

to capture the complexities of real-world scenarios, particularly in industries where resources 

have finite lifespans or diminishing value over time. The automotive industry, with its 

dynamic market conditions and resource constraints, serves as a prime example of such a 

context. 

In the automotive sector, resources such as unsold inventory, skilled labor, and market share 

are inherently perishable. For instance, unsold vehicles of a specific model lose value as 

newer, more advanced models are introduced to the market [13]. Similarly, skilled 

technicians, a critical resource for manufacturing and maintenance, may retire or seek 

opportunities elsewhere, leading to a loss of expertise [14]. Moreover, market share, once 

eroded by competitors, can be challenging to regain due to brand loyalty and consumer 

preferences [15]. These perishable resources introduce strategic complexities that are not 

adequately addressed by traditional attrition models, which often overlook the temporal 

dynamics of resource value. 

The failure to account for resource perishability can lead to suboptimal strategic decisions, 

par- ticularly in industries characterized by rapid technological advancements and competitive 

pressures. For example, automotive firms may overinvest in production capacity or inventory, 

only to find that these resources depreciate faster than anticipated, resulting in financial losses 

and reduced competi- tiveness [16]. Similarly, neglecting the perishability of human capital 

may lead to underinvestment in training and retention programs, exacerbating skill shortages 

and operational inefficiencies [17]. In the context of market share, firms may underestimate 

the long-term consequences of aggressive pricing or promotional strategies, inadvertently 

ceding ground to competitors [18]. 

To address these limitations, this paper proposes a dynamic game-theoretic model that incor- 

porates resource perishability into the analysis of attrition competitions, with a specific focus 

on the automotive industry. By integrating temporal dynamics into the framework, the model 

aims to provide a more realistic representation of competitive interactions and resource 

allocation decisions. The proposed approach builds on existing game-theoretic models of 

attrition, such as those developed by [19] and [20], while extending their scope to account for 

the unique challenges posed by perishable resources. The model will be applied to analyze 

strategic decision-making in the automotive indus- try, offering insights into how firms can 

optimize their resource allocation strategies in the face of competitive pressures and resource 

constraints. 

This research contributes to the literature on attrition competitions by bridging the gap 

between theoretical models and real-world applications, particularly in industries 

characterized by resource perishability. By providing a more nuanced understanding of 

strategic interactions in the automotive sector, the study aims to inform managerial decision-

making and enhance the competitiveness of firms operating in dynamic and resource-

constrained environments. 

 

2. Mathematical Model for a Perpetually Sustainable Source in Competitive 

Scenarios 
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To develop a mathematical model for a perpetually sustainable source in competitive 

scenarios, especially in the automobile industry, we can employ several approaches. Here is 

a comprehensive method for creating such a model: 

1. Variable Definitions: 

• R(t): Perpetually sustainable source at time t 

• C(t): Consumption of the source at time t 

• P (t): Production or generation of the source at time t 

• D(t): Destruction or degradation of the source at time t 

 

 

2. Differential Equations: 

We can define the model using ordinary differential equations (ODEs): 

( )
( ) ( ) ( )

dR t
P t C t D t

dt
= − −  

3. Production Function: 

The production function can be expressed as: 

( ) ( )P t R t=  

Here, α is the production coefficient. 

4. Consumption Function: 

Consumption can depend on various factors, such as: 

( ) ( )C t R t=  

Here, β is the consumption coefficient. 

5. Degradation Function: 

Degradation can be defined as: 

( ) ( )D t R t=  

Here, γ is the degradation coefficient. 

6. Final Equation: 

Combining these functions, the final equation will be: 

( )
( ) ( ) ( )

( )
( ) ( )

dR t
R t R t R t

dt

dR t
R t

dt

  

  

= − −

= − −

 

7. Solving the Equation: 

This is a first-order linear differential equation that can be solved as follows: 

( ) ( )
0

t
R t R e

  − −
=  
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Here, R0 is the initial amount of the source. 

8. Interpreting Results: 

• If α − β − γ > 0: The source increases exponentially. 

• If α − β − γ < 0: The source decreases exponentially. 

• If α − β − γ = 0: The source remains constant. 

 

9. Application in the Automobile Industry: 

• Production (P): Can represent the production of raw materials or components of 

automobiles. 

• Consumption (C): The use of resources in automobile production. 

• Degradation (D): The deterioration or maintenance needs of produced 

automobiles. 

This model can assist automobile manufacturing companies in optimizing resource 

production, consumption, and maintenance strategies. More complex simulations can also be 

conducted by incorporating additional factors such as new technologies, market changes, and 

more. 

This is a simple model, and it can be made more complex by adding additional parameters. 

For a research paper, you can enhance this model by providing real-world examples, 

simulation results, and supplementary analyses. 

3. Real-World Example: Electric Vehicle Battery Production 

Let’s consider a real-world example to illustrate the application of this model in the 

automobile industry. 

3.1. Example: Electric Vehicle Battery Production 

Suppose we want to model the production and consumption of electric vehicle (EV) batteries, 
considering their degradation over time. 

3.1.1. Given Parameters: 

3.1.1.1. Initial battery stock (R0): 100,000 units 

3.1.1.2. Production coefficient (α): 0.05 (5% increase per year) 

3.1.1.3. Consumption coefficient (β): 0.03 (3% decrease per year due to sales and 

usage) 

3.1.1.4. Degradation coefficient (γ): 0.01 (1% decrease per year due to technological 
advancements and recycling) 

3.1.2. Objective: 

To determine how the stock of EV batteries will change over the next 10 years. 

3.1.3. Applying the Model: 
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( )
( ) ( )

( )
( ) ( )

( )
( )

0.05 0.03 0.01

0.01

dR t
R t

dt

dR t
R t

dt

dR t
R t

dt

  = − −

= − −

=

 

Solving this differential equation gives us: 

( )

( )

0.01

0

0.01100000

t

t

R t R e

R t e

=

=
 

 

3.1.4. Calculating the Stock of EV Batteries Over 10 Years: 

Year Stock of EV Batteries (R(t)) 

0 100,000 

1 100,000 e0.01×1 ≈ 100,991.67 

5 100,000 e0.01×5 ≈ 105,127.11 

10 100,000 e0.01×10 ≈ 110,517.09 

 

3.1.5. Interpretation: 

The stock of EV batteries increases exponentially over the 10-year period, with an 

approximate increase of 10.52% from the initial stock. 

This example demonstrates how the mathematical model can be applied to real-world 

scenarios in the automobile industry, providing insights into the dynamics of resource 

production, consumption, and degradation. By adjusting the parameters and incorporating 

additional factors, the model can be tailored to address specific challenges and strategic 

decisions faced by automobile manufacturers. 

 

4. Model Description 

The dynamics of resource allocation for two competing firms can be modeled using the 

following differential equations: 

( )
( ) ( )( ) ( ) ( )

( )
( ) ( )( ) ( ) ( )

, 1

, 2

A

A A B A A

B

B A B B B

dR t
f X t X t R t

dt

dR t
f X t X t R t

dt





= − −

= − −

 

Here: 

• xA(t) and xB(t) represent the resource allocation strategies of Firm A and Firm B, 

respectively, at time t. 
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• fA and fB are functions describing the rate of resource consumption. The specific forms 

of these functions depend on the nature of the competition and the types of resources 

involved. 

• RA(t) and RB(t) are the combined resources of Firm A and Firm B, respectively, at 

time t. 

• δA and δB are the resource decay rates, reflecting factors such as the obsolescence of 

technology and the diminishing effectiveness of resources over time. 

The model can be solved using numerical methods (e.g., Runge-Kutta methods) or analytical 

techniques, depending on the complexity of the functions fA and fB. 

 

5. Application to the Automotive Industry 

This model can be applied to various competitive scenarios in the automotive industry. For 

instance, consider a competition between two firms launching new electric vehicles. RA(t) 

and RB(t) can represent the combined resources (e.g., marketing budget, R&D investment, 

production capacity, skilled workforce) of each firm. The perishability factor reflects the 

obsolescence of technology, the diminishing effectiveness of marketing campaigns over time, 

and the potential loss of skilled employees. 

By varying the parameters (e.g., resource decay rates, effectiveness of resource allocation), 

we can analyze the optimal resource allocation strategies under different competitive 

conditions. A case study focusing on a specific market segment (e.g., electric SUVs) can 

illustrate the practical implications of the model. 

The proposed model is a dynamic game-theoretic framework that considers two competing 

firms (Firm A and Firm B) engaged in an attrition competition. Each firm possesses a stock 

of perish- able resources, denoted as RA(t) and RB(t) respectively, where t represents time. 

These resources depreciate over time at rates δA and δB, respectively. Firms allocate their 

resources to competitive activities (e.g., marketing, R&D, production) that contribute to their 

attrition advantage. The rate of resource consumption is a function of the resources allocated 

to competitive activities and the effectiveness of these activities. The model can be 

represented by a system of differential equations: 

( )
( ) ( )( ) ( )

( )
( ) ( )( ) ( )

,

,

A

A A B A A

B

B A B B B

dR t
f X t X t R t

dt

dR t
f X t X t R t

dt





= − −

= − −

 

where xA(t) and xB(t) represent the resource allocation strategies of Firm A and Firm B at time 

t, and fA and fB are functions describing the rate of resource consumption. The specific form 

of these functions depends on the nature of the competition and the types of resources 

involved. The model can be solved using numerical methods (e.g., Runge-Kutta methods) or 

analytical techniques, depending on the complexity of the functions fA and fB. 
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6. Real-World Example: Competition Between Electric Vehicle Manufacturers 

To illustrate a real-world example for this model, consider a competition between two electric 

vehicle manufacturers, Firm A and Firm B, in the electric SUV segment. They both launch 

their new electric SUV models simultaneously, and they each have a set of perishable 

resources at their disposal. 

6.1. Example 1 

• Resource Initial Values: Let’s assume Firm A starts with 100 units of resource  

(RA(0) = 100), and Firm B starts with 90 units (RB(0) = 90). 

• Resource Decay Rates: The resources depreciate over time at rates δA = 0.05 (5% per 

time unit) and δB = 0.06 (6% per time unit) respectively. 

• Resource Allocation Functions: The functions fA and fB describe how resources are 

con- sumed based on the allocation strategies (xA(t) and xB(t)). For simplicity, let’s 

assume: 

(Firm A’s consumption rate, where 80% of its resources are spent on its own activities and 

30% on countering Firm B’s activities.) 

( ) ( ) ( )

( ) ( ) ( )

, 0.8 0.3

, 0.7 0.4

A A B A B

B A B B A

f X X X X

f X X X X

=  + 

=  + 
 

(Firm B’s consumption rate, where 70% of its resources are spent on its own activities and 

40% on countering Firm A’s activities.) 

6.1.1. Dynamic Equations 

Given the above parameters, the dynamic equations become: 

( )
( ) ( )( ) ( )

( )
( ) ( )( ) ( )

0.8 ,0.3 0.05

0.7 ,0.4 0.06

A

A B A

B

B A B

dR t
X t X t R t

dt

dR t
X t X t R t

dt

= − −

= − −

 

 

6.1.2. Strategies and Analysis 

 

Now, let’s consider a scenario where both firms allocate their resources to marketing (to 

increase brand awareness) and R&D (to innovate and improve their product). Assume: 

• Firm A allocates 50 units per time unit to marketing (xA(t) = 50) and 30 units to R&D 

(xA(t) = 30), totaling xA(t) = 80. 

• Firm B allocates 60 units per time unit to marketing (xB(t) = 60) and 20 units to R&D 

(xB(t) = 20), totaling xB(t) = 80. 

 

6.1.3. Interpretation 

The resulting plot shows how the resources of both firms evolve over time due to their alloca- 

tion strategies and the decay rates. This model can help in understanding the dynamics of the 
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competition, identifying optimal allocation strategies, and predicting the outcomes under 

different competitive conditions. 

6.1.4. Practical Implications 

• Firm A might need to adjust its allocation between marketing and R&D based on the 

observed resource decay and consumption rates. 

• Firm B may need to enhance its resource allocation strategy to counteract Firm A’s 

actions effectively. 

• The model provides insights into when and how much to invest in various competitive 

activities to maximize long-term resource availability and market share. 

This example illustrates how complex dynamic interactions in the competitive automotive 

indus- try can be modeled and analyzed using game theory and differential equations, 

providing a structured approach to strategic decision-making. 

6.2. Example 2 

We consider two competing firms,” GreenVolt” (Firm A) and” ElectroDrive” (Firm B), 

launching competing electric SUVs. They are vying for market share, and their resources, 

represented by RA(t) and RB(t), encompass marketing budgets, R&D spending, production 

capacity, and skilled workforce. 

 

6.2.1. Resource Depreciation (δ) 

Yearly depreciation rate: δA = 0.15 and δB = 0.12. This represents the fast-paced nature of the 

EV market. Electro Drive has a slightly lower depreciation rate. 

6.2.2. Resource Allocation Strategies (x) 

xA(t) and xB(t) represent the proportion of their resources allocated to competitive activities 

each year. 

6.2.3. Resource Consumption Functions (f) 

We model resource consumption as a function of both companies’ resource allocation 

strategies: 

( )

( )

2

2

,

,

A A B A A A A B

B A B B B B A B

f X X C X K X X

f X X C X K X X

= +

= +
 

Where: 

• cA and cB represent the effectiveness of each company’s own resource allocation. We 

assume 

• cA = 0.2 and cB = 0.25. 

• kA and kB represent the competitive interaction. We set kA = 0.1 and kB = 0.08. 

 

6.2.4. Initial Resources 

RA(0) = 100 and RB(0) = 80. Green Volt starts with more resources. 

6.2.5. Differential Equations 
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The model is described by the following system of differential equations: 

( )
( ) ( ) ( ) ( )

( )
( ) ( ) ( ) ( )

2

2

0.2 0.1 0.15

0.25 0.08 0.12

A

A A B A

A

B A B B

dR t
X t X t X t R t

dt

dR t
X t X t X t R t

dt

= − − −

= − − −

 

6.2.6. Solving the Model 

This system can be solved numerically using methods like Runge-Kutta. A simulation 

involves: 

• Discretizing Time: Dividing the time horizon into smaller steps. 

• Iterative Calculation: Calculate the change in resources at each time step based on 

xA(t), xB(t), RA(t), and RB(t). 

• Updating Resources: Update RA and RB for the next time step. 

• Repeating: Repeat steps 2 and 3 until the end of the time horizon. 

 

6.2.7. Optimal Strategies 

The goal is to find the optimal resource allocation strategy x(t) that maximizes resources (or 
another objective function) at the end of the period. This involves techniques from optimal 
control theory or dynamic programming. 

6.2.8. Practical Implications 

The model allows us to analyze: 

• Aggressive vs. Conservative Strategies: The impact of different strategy choices 
on the outcome. 

• Impact of Technological Advancements: How a change in δ due to new 
technology affects competition. 

• Sensitivity Analysis: How sensitive the outcomes are to changes in cA, cB, kA, and 
kB. 

 

7. Discussion and Conclusion 

The research findings demonstrate that the management of perishable resources acts as a 
crucial factor in companies’ success within attrition-based competition. This is particularly 
evident in the automotive industry, where companies that proactively update and replace 
their resources can stay ahead of attrition-based competition and increase their profitability. 
The study emphasizes how mathematical models and simulations serve as powerful tools 
for analyzing competitive behavior among companies. 

In the automotive sector specifically, resource management encompasses various critical 
elements including technological capabilities, human capital, manufacturing equipment, and 
supply chain re- lationships. Companies that implement systematic approaches to 
monitoring and updating these resources demonstrate significantly better performance 
metrics compared to those that take a more reactive stance. This proactive resource 
management strategy allows firms to maintain their com- petitive edge while minimizing 
operational disruptions. 
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The research also highlights the importance of timing in resource replacement decisions. 
Com- panies must carefully balance the costs of early resource replacement against the risks 
of delayed updates. Through mathematical modeling, the study reveals optimal timing 
windows for resource re- newal that maximize return on investment while maintaining 
competitive advantages. These models take into account factors such as market conditions, 
technological advancement rates, and competitor behaviors. 

Furthermore, the findings indicate that successful companies employ sophisticated 
simulation tools to predict and prepare for various competitive scenarios. These simulations 
help organiza- tions understand the long-term implications of their resource management 
decisions and adjust their strategies accordingly. The research shows that companies 
utilizing such predictive tools are better positioned to make informed decisions about 
resource allocation and replacement timing. 

The study concludes by emphasizing the interconnected nature of resource management and 
competitive success. Companies that establish comprehensive systems for monitoring, 
maintaining, and replacing their perishable resources create sustainable competitive 
advantages. This system- atic approach, supported by mathematical modeling and 
simulation tools, enables organizations to navigate the challenges of attrition-based 
competition while maintaining operational efficiency and market leadership. The findings 
suggest that investing in advanced resource management capabilities is not merely an 
operational necessity but a strategic imperative for long-term success in competitive 
markets. 

 

 

 

 

 

 

  



H. Ziaei. / IJIM Vol.17, No.4, (2025), 1-13 

 

12 

 

References 

[1] Lotfi, Farhad Hosseinzadeh, et al. Fuzzy Decision Analysis: Multi Attribute Decision 

Making Approach. Springer, 2023. 

[2] Porter, M. E., Competitive Advantage: Creating and Sustaining Superior Performance, 

Free Press (1985). 

[3] Sharifi, M., Cheragh, G., Dashti Maljaii, K., Zaretalab, A., & Shahriari, M. (2021). 

Reliability and cost optimization of a system with k-out-of-n configuration and choice of 

decreasing the components failure rates. Scientia Iranica, 28(6), 3602-3616. 

[4] Shahriari, M. R. "Soft computing based on a modified MCDM approach under 

intuitionistic fuzzy sets." Iranian Journal of Fuzzy Systems 14.1 (2017): 23-41. 

[5] Shahriari, Mohammadreza, Hooman Shahrasbi, and Arash Zaretalab. "Reliability analysis 

of lifetime systems based on Weibull distribution." International Journal of Nonlinear 

Analysis and Applications 15.1 (2024): 321-329. 

[6] Shi, Y. & Gregory, M., International manufacturing networks—to develop global 

competitive capabilities, Journal of Operations Management, 16(2-3) (1998) 195–214. 

[7] Barney, J., Firm Resources and Sustained Competitive Advantage, Journal of 

Management, 17(1) (1991) 99–120. 

[8] Dierickx, I. & Cool, K., Asset Stock Accumulation and Sustainability of Competitive 

Advantage, Management Science, 35(12) (1989) 1504–1511. 

[9] Womack, J. P., Jones, D. T. & Roos, D., The Machine That Changed the World, Rawson 

Associates (1990). 

[10] Christensen, C. M., The Innovator’s Dilemma: When New Technologies Cause Great 

Firms to Fail, Harvard Business School Press (1997). 

[11] Maynard Smith, J., The theory of games and the evolution of animal conflicts, Journal of 

Theoretical Biology, 47(1) (1974) 209–221. 

[12] Bishop, D. T. & Cannings, C., A generalized war of attrition, Journal of Theoretical 

Biology, 70(1) (1978) 85–124. 

[13] Chen, M. & Xiao, T., Pricing and inventory management with perishable products, 

International Journal of Production Economics, 135(2) (2012) 622–632. 

[14] Bresnahan, T. F. & Ramey, V. A., Output Fluctuations at the Plant Level, The Quarterly 

Journal of Economics, 109(3) (1994) 593–624. 

[15] Bronnenberg, B. J., Kruger, M. W. & Mela, C. F., The IRI Marketing Data Set, Marketing 

Science, 27(4) (2009) 745–748. 

[16] Lieberman, M. B. & Asaba, S., Why Do Firms Imitate Each Other?, Academy of 

Management Review, 31(2) (2006) 366–385. 



H. Ziaei. / IJIM Vol.17, No.4, (2025), 1-13 

 

13 

 

[17] Cappelli, P., Talent Management for the Twenty-First Century, Harvard Business 

Review, 86(3) (2008) 74–81. 

[18] Villanueva, J., Yoo, S. & Hanssens, D. M., The Impact of Marketing-Induced Versus 

Word-of-Mouth Customer Acquisition on Customer Equity Growth, Journal of Marketing 

Research, 45(1) (2008) 48–59. 

[19] Fudenberg, D. & Tirole, J., A Theory of Exit in Duopoly, Econometrica, 54(4) (1986) 

943–960. 

[20] Kreps, D. M. & Wilson, R., Reputation and imperfect information, Journal of Economic 

Theory, 27(2) (1982) 253–279. 

 


