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Abstract 

Efficient inventory control is critical component for supply chain management which 

influencing operational cost, service levels and all profitability. Traditional inventory 

management objects such as Economic Order Quantity (EOQ), Just-in-Time (JIT) often fail 

for account the strategic interactions and interdependencies that arise in modern multi-actor 

supply chains. This research paper explores the optimization of inventory control through the 

application of game theory, a mathematical framework that models competitive and 

cooperative interactions between rational decision-makers. the study focuses on two primary 

game-theoretic models: the Nash Equilibrium for non-cooperative scenarios and the 

Stackelberg game for hierarchical leader-follower relationships. Cooperative game theory is 

also investigated to analyse cost-sharing agreements that enhance overall supply chain 

efficiency. Using a two-echelon supply chain simulation involving manufacturers and retailers, 

the research evaluates the impact of game theory on inventory decisions under varying levels 

of demand uncertainty and market dynamics. 

 

1. Introduction 

Inventory control is essential aspect of encompassing strategies, supply chain management and 

process which involve in regulating stock level of meet customer demand when minimize cost 

associate with holding, ordering, and stockouts. In today’s competitive and interconnected 

business environment, achieving efficient inventory control is critical for maintaining 

operational efficiency, ensuring customer satisfaction, and maximizing profitability. However, 

traditional inventory models often operate under the assumption of independent decision-

making, overlooking the complex interactions and interdependencies which characterize multi-

actor supply chains. 

The globalization of markets and advancements in technology have added layers of complexity 

to inventory management. Supply chains now frequently involve multi stakeholder which 

include retailer, manufacturer, distributor and third-party logistics provider each with distinct 

objective and constraints. These actors often engage with strategic interaction where decisions 

of any party influences and influenced by the action of others. This interdependence creates 

challenges such as conflicting demand uncertainty, objectives and risk misalignment which 

lead inefficiencies in inventory control if it not properly addressed. 

Game theory a mathematics framework which done by model strategic interaction between 

rational decision-makers which offer powerful tool for tackling all these challenges. With 

analysing scenario here participants decision are interdependent. game theory enables 

development of inventory policy whose account for both cooperative behaviour and 

http://www.nano-ntp.com/


 Optimizing Inventory Control through …. Neha Bharadwaj et al. 1985 

Nanotechnology Perceptions 20 No. S11 (2024) 

competitive  among supply chain actors. Let a example a retailer decision on order quantity 

may depend on manufacturer pricing strategy on other hand a supplier’s inventory policy can 

be influenced on demand forecasts from multiple retailers. Game theory provides insights into 

such scenarios, enabling stakeholders to optimize their decisions and achieve better outcomes 

for the supply chain as a whole. 

On current research investigate application for game theory to inventory control with focus on 

two primary models first one Nash Equilibrium for non-cooperative setting and second one is 

Stackelberg game for hierarchical leader-follower relationships. In non-cooperative scenarios 

stakeholders act independently to maximize their individual utility often resulting in 

suboptimal outcomes for the supply chain. The Nash Equilibrium offer way to predict stable 

strategies for such competitive environments. Conversely Stackelberg model addresses 

hierarchical relationships such as these between manufacturers and retailers, where one party 

(the leader) makes a decision that influences the subsequent actions of the other party (the 

follower). 

This study explores cooperative game theory which examines scenario where stakeholders 

collaborate with minimize costs and share risks. On other hand Cooperative strategies such as 

cost-sharing agreements and joint replenishment policy have show promise for enhancing 

supply chain efficiency particularly for environments characterized by high demand 

uncertainty and influence market conditions. 

This research paper aims bridge for gap between traditional inventory control models and the 

strategic complexities for modern supply chains. In incorporating game-theory principle into 

inventory management. This research provides a comprehensive framework which optimize 

stock levels improve coordination and aligning objectives of diverse supply chain actors. The 

findings have significant implications for which business seeking for enhance supply chain 

resilience and competitive in dynamic market. 

Remainder of current paper is organize as follows which review of relevant literature on 

inventory control and game theory detailed explanation of methodology and models use an 

analysis the result through simulations and case study a discussion of practical implications, 

future research direction. 

 

2. Literature Review 

Integration of game theory with inventory control have garner significant attention like supply 

chain become increasingly complex and interconnect. here literature review examine the 

evolution of inventory controls method and application of game theory in supply chain 

management and gaps in existing research which necessitate further exploration. 

 

Traditional Inventory Control Models 

Inventory control has traditionally been guided for models such as the Economic Order 

Quantity (EOQ) model and Newsvendor model and Just-in-Time (JIT) systems. Such models 

primarily focus for minimizing holding ordering and shortage cost by optimize replenishment 

policy. For instance EOQ give straightforward formula which determine optimal order quantity 

which minimize total costs in static demand environment. Similarly Newsvendor model 

address inventory decision under demand uncertainty balance cost of excess inventory against 

cost of stockout. JIT emphasizes lean inventory management for aligning production schedule 

with real-time demand for reduce waste and holding costs. 

While in these model has proven effective for isolated scenario and they often assume that 

decision is made independently now neglecting interdependencies among supply chain actor. 

These limitation has led to inefficiency for multi-actor environments where actions of one 

stakeholder invariably affect outcomes of other. example a retailer decision for overstock may 

result in excessive production by manufacturer leading for increased cost across supply chain. 
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Recognize all these shortcomings researcher has sought to incorporate strategic interaction into 

inventory control framework. 

Game Theory in Supply Chain Management 

Game theory introduce by von Neumann and Morgenstern in the 1940 provide robust 

framework for modeling and analyzing strategic interaction between rational decision-maker. 

In this application supply chain management have expand significane over past two decade 

address challenge such as demand uncertainty pricing strategy and inventory replenishment. 

 

Non-Cooperative Game Theory Models 

Non-cooperative game theory model many focus on competitive scenario where every actor 

seeks maximize his utility independently. Nash equilibrium key concept in non-cooperative 

game represent a state where no player can improve their payoff for unilaterally changing their 

strategy. In the inventory control Nash equilibrium have been used to model situations where 

retailer compete for market share with optimize order quantity and pricing strategie. 

 

Cooperative Game Theory Models 

The Cooperative game theory emphasizy collaboration between stakeholders for achieve 

mutually beneficial outcomes. In context of inventory control cooperative models often focus 

cost-sharing agreement joint replenishment policy and collaborative forecasting. Research of 

Leng and Parlar (2005) highlight potential of cooperative strategy to reduce supply chain cost 

by aligning objectives sharing risks among actors. 

 

Hybrid Approaches 

Currently study has explore hybrid model which combine element for cooperative and non-

cooperative game theory which address limitations of individual approaches. For instance 

researcher has propose multi-stage game that incorporate cooperative strategies in the initial 

stages of inventory planning follow by competitive strategy during execution. These approach 

allows supply chain actor to align their objective while maintaining flexibility to adapt for 

market dynamics. 

 

Research Gaps and Opportunities 

Despite growing body of research with game-theoretic inventory models several gaps remain. 

Many existing study assume static demand pattern, perfect information, which are rarely 

observe in real-world scenario. here is a need for models that account of dynamic demand, 

asymmetric information, impact of external factor like as market trends and disruption. 

Additionally integration of advanced technologies like artificial intelligence and blockchain 

with game-theory models present a exciting avenue for future research. 

Literature highlight potential of game theory to revolutionize inventory control of address 

strategic inter dependence among supply chain actors. Non-cooperative, cooperative and 

Stackelberg models every offer unique insight into inventory decision-making while hybrid 

approach provide a balanced framework of optimize supply chain performance. Further 

research is need overcome practical implementation challenge and enhance the applicability of 

game-theoretic models in dynamic real-world environments. 

 

3. Methodology 

This section outlines framework use investigate optimization of inventory control use game 

theory. Methodology integrates mathematical modelling, simulation and analysis the evaluate 

strategic interaction between supply chain stakeholders. 

Framework and Assumptions 
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The study base on following assumptions: 

1. Supply Chain Structure: Two-echelon supply chain with one manufacturer and multiple 

retailers. 

2. Rationality: All players are rational decision-maker seeking the maximize their individual 

payoffs (profit, utility). 

3. Demand Distribution: Customer demand follow probabilistic distribution with known 

parameter. 

4. Information Sharing: Level of information sharing depend on game model (limited for non-

cooperative games extensive in cooperative games). 

5. Costs: Cost components include ordering costs holding costs and shortage costs for 

retailers, production and inventory costs for manufacturer. 

6. Strategies: Retailer decide order quantity, while manufacturer determine wholesale pricing 

and production level. 

 

Game-Theoretic Models 

Two game-theoretic models are utilized to examine inventory control strategies: 

1. Nash Equilibrium Model (Non-Cooperative Game): 

This model retailers operate independently each optimize their order quantity based on demand 

forecast and cost structure. 

2. Cooperative Game Model: 

Stakeholder collaborate minimize total supply chain cost through joint replenishment and cost-

sharing agreement. 

 

Mathematical Formulation 

Non-Cooperative Game (Nash Equilibrium) 

Each retailer is seeks to maximize their payoff Ui: 

Ui=Ri(Qi)−Ci(Qi) 

Where: 

• Ri(Qi) is the revenue function based on order quantity. 

• Ci(Qi) represents costs, including ordering, holding, and shortage costs. 

The Nash equilibrium is achieved when: 

∂Ui/∂Qi=0 for all i. 

 

Cooperative Game (Cost-Sharing Model) 

The total cost TC 

TC=∑i=1n(Ci(Qi)+Cm(Qm)), 

TC=i=1∑n(Ci(Qi)+Cm(Qm)), 

Where Cm(Qm) is the manufacturer cost. The Shapley value is applied to allocate costs: 

ϕi=∑ [[∣S∣!(∣N∣−∣S∣−1)!]/ ∣N∣!] [v(S∪{i})−v(S)]. 

 

 

Simulation Design 

Models are tested using with simulation involving supply chain for fast-moving consumer 

goods (FMCG): 

1. Demand Data: Historical demand data is used fort simulate demand variability. 

2. Scenario Analysis: 

o Non-cooperative: Retailer optimize independently. 

o Cooperative: Retailer and manufacturer collaborate on cost-sharing. 

o Stackelberg: Manufacturer sets prices and retailers respond with order quantity. 

The simulation evaluate performance metric such as 
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• Total costs (ordering, holding). 

• Service levels (percentage of demand). 

• Profitability of individual player and overall supply chain. 

 

Performance Metrics 

Key performance indicator (KPI) use for comparison include: 

1. Total Cost Reduction: Ability of each model for minimize overall supply chain cost. 

2. Equity: Fair distribution of cost profit among stakeholder (measure use Shapley value). 

3. Efficiency: Improvement for service level and inventory turnover rate. 

 

Analytical Tools 

Mathematical model and simulation are implement. Graphs, diagram are generate for visualize 

inventory level, cost distribution and strategic interaction. Result is validate by comparing 

simulate outcome with theoretical prediction. 

 

Results and Analysis 

This section presents the outcomes of applying game-theoretic models to the inventory control 

problem in a two-echelon supply chain. The results are analyzed across three scenarios: the 

Nash equilibrium model (non-cooperative), the cooperative game model, and the Stackelberg 

game model (leader-follower). Performance metrics such as total supply chain costs, individual 

payoffs, service levels, and cost-sharing efficiency are examined, with graphs and diagrams 

illustrating the findings. 

Results from the Nash Equilibrium Model (Non-Cooperative Scenario): The non-cooperative 

scenario retailer operate independently for optimize their order quantity, considering their 

respective demand forecast costs and actions of competing retailer. 

 

Key Findings 

Inventory Levels: Retailer inventory decision under Nash equilibrium led to suboptimal 

outcome for supply chain. Each retailer focus minimizing it own cost resulting in instances of 

overstock for one retailer and stockouts for another. 

Total Costs: Total supply chain cost was higher compare cooperative and Stackelberg model 

due to inefficient caused by lack of coordination. 

Service Level: Variability in service level was observe with retailer achieving 90% service 

level while another dropped with 70% indicating uneven demand fulfilments. 

Graph 1: Retailer Inventory Levels Under Nash Equilibrium 

 

 
Results from the Cooperative Game Model 
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The cooperative scenario retailer and manufacturer collaborate to minimize total supply chain 

cost and share savings equitably using the Shapley value. 

Key Findings: 

Cost Reduction: Cooperative strategy led 25% reduction for total supply chain cost compare  

the Nash equilibrium model. 

Service Level: Service level improve significantly with retailer achieving over 95% demand 

fulfillmentness. 

Cost-Sharing: The Shapley value ensured fair distribution for joint savings. 

  

 
Diagram 1: Cooperative Inventory Cost-Sharing Model 

 

Analysis 

Cooperative game model demonstrate potential for significant cost saving and improve service 

level through collaboration. However success of these model depends on trust transparency 

and effective mechanism for cost allocation. Shapley value was instrumental achieving fairness 

encouraging stakeholder the participate in cooperative framework. 

 

Table 1: Performance Metrics Across Models 

 

Metric Nash Equilibrium Cooperative Game 

Total Supply Chain Cost High Lowest 

Service Levels Uneven (70–90%) High (>95%) 

Manufacturer Profit Moderate High 

Retailer Profit Moderate High 

Feasibility High Moderate 

 

4.4 Insights and Practical Implications 

Strategic Decision-Making: 

Non-cooperative models is suitable for competitive environment. 

Cooperative model work when trust and transparency facilitate collaboration. 

Operational Efficiency: 

Collaborate drive significant cost saving which improve service level but practical challenge 

such as information sharing and trust must be address. 

Leader follower dynamic provide a middle ground achieving coordination without require full 

cooperation. 

 

4. Conclusion of Results 

Results demonstrate applying game-theoretic model for inventory control provide valuable 

insight into strategic decision-making. Whenever cooperative strategy yield most efficient 

outcome. Non-cooperative models though less efficient remain relevant for competitive 
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scenarios. They find has significant implication for design inventory policy which balance 

individual and collective goal. 

 

 

5. Discussion 

Finding this research highlight transformative potential of game theory for optimizing 

inventory control with supply chain. Which address strategic interaction game-theoretic model 

offer nuance insight into decision-making process with their impact on overall supply chain 

performance. Each model explored—Nash equilibrium, cooperative games. 

The Nash equilibrium model exemplify challenges of non-cooperative behaviour where 

independent decision-making often lead to inefficiency like as higher total cost and uneven 

service level. These outcome underscore importance of coordination among supply chain actor 

as individual optimization frequently come at expense of overall efficiencies. 

Conversely cooperative game model demonstrate significant cost saving and service level 

improvement achieve through collaboration. with leverage cost sharing mechanism like  

Shapley value can equitably distribute benefit fostering trust and long-term partnership. 

 

Future Scope 

Future research shall explore hybrid model integrate element of competition and co-operate 

with address complexities of modern supply chain. In-corporative real-time data and AI-driven 

decision-making and blockchain for transparent collaboration can enhance applicability of 

game theoretic approaches. This advancement will help business adapt the dynamic demand, 

mitigate risks and improve overall supply chain resilience. 
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