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Abstract—In today's interconnected world, where supply 

chains are the backbone of commerce, ensuring their resilience 

and sustainability is paramount. This study investigates how 

quantity-based strategies in supply chain networks are 

influenced by sustainability and resilience considerations. A 

conceptual framework is devised, focusing on a two-echelon 

supply chain network comprising a central supplier and multiple 

stores. A stochastic mathematical model is constructed to tackle 

demand uncertainty while incorporating parameters related to 

sustainability and resilience. Competitive negotiations between 

suppliers and stores aim at maximizing expected profits. Two 

store configurations are examined: non-cooperative and 

cooperative. Supplier resilience is reinforced through strategies 

like security stocks and diversified sourcing, while sustainability 

efforts are considered by the supplier and stores. Results show 

that demand following a uniform distribution benefits stores and 

suppliers, and cooperative behavior among stores leads to higher 

profitability. Sustainability initiatives impact expected profits, 

with security stocks particularly advantageous for supplier 

profitability. The utilization of foreign products has a 

detrimental effect on expected profits, emphasizing the 

significance of government regulation via customs fees. The study 

underscores the importance of integrating sustainability and 

resilience in supply chain networks. It concludes with reflections 

on model limitations and proposes avenues for future research in 

this domain. 
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I. INTRODUCTION 

In today's business world, managing supply chains is 
crucial for global expansion, but it faces challenges in 
sustainability because of growing environmental worries. The 
delicate balance between profit-driven objectives and eco-
friendly practices is underscored by intense competition and 
demand uncertainties in the global market [1], [2]. This 
complex interaction means that companies need to be flexible 
and have good planning for long-term success. Managing 
uncertainty is very important, not just for making supply chains 
more sustainable and resilient, but also for staying competitive 
[3]. Within the supply chain network, the competition between 
a supplier and a store, often centered around quantity 
negotiation [4], This underscores the complex scenario that 
necessitates meticulous equilibrium to address the 
requirements of all stakeholders. 

This research conducts a thorough investigation into 
sustainability and resilience within a supply chain, comprising 
a single supplier and multiple stores. It examines challenges 
related to managing demand uncertainty and profitability, and 
explores how sustainability impacts the supply chain's ability 
to handle disruptions, aiming to enhance both sustainability 
and resilience [5], [6]. Additionally, it seeks to uncover 
strategies for stores to maximize profits while maintaining 
sustainable practices, including quantity-based policies, 
operational efficiency, and the integration of sustainable 
approaches for profitability [4]. The study concludes by 
advocating for support of domestic products, exploring 
methods to promote local manufacturers, manage demand 
uncertainties, and encourage collaboration among supply chain 
stakeholders, particularly among stores. This collaboration 
presents an opportunity to pool resources and reduce costs, 
aligning with sustainability and resilience objectives. 

Numerous comparable studies have investigated the 
sustainability and resilience of supply chains [7], [8], [9], [10], 
notably, a prior study [10] where a deterministic model was 
introduced. It analyzed the strategies of suppliers and stores to 
maximize profit while achieving sustainability and resilience 
objectives. However, the study did not account for managing 
uncertainty, a crucial factor in accurately reflecting real-world 
complexities. The challenge of the uncertain demand, is 
amplified by the potential conflict between implementing 
sustainability and resilience measures and the economic 
interests of supply chain actors. 

Therefore, this study addresses a gap in the literature by 
investigating the interconnected issues of sustainability, 
resilience, and managing demand uncertainty within a supply 
chain [11], [12]. The significance of this research lies in several 
key aspects. Firstly, it underscores the importance of managing 
demand uncertainty as a critical approach to enhancing 
resilience, avoiding overstocks, and preventing shortages [13]. 
Secondly, the paper uniquely examines sustainability and 
resilience as competitive advantages, consistently advocating 
for domestic production [7], [8], [9], [10]. Additionally, 
cooperation can serve as a competitive advantage for certain 
companies, offering opportunities to reduce costs through 
resource pooling, shared logistics, and joint strategies, as seen 
in the case of stores. Given the complex nature of these 
interactions, the current study seeks to investigate the 
following research questions. 
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 How can the store and the supplier comply with 
sustainability and resilience requirements and still be 
competitive? 

 What are the quantity-based strategies that the stores 
and the supplier can employ to maximize their 
expected profits while taking into account 
sustainability and resilience? 

 What configuration is more advantageous for the store 
to maximize its profit while also meeting sustainability 
requirements? 

To address these research questions, we will expand on the 
research conducted in study [10], indeed, this research work 
focuses on a monopolistic, sustainable, and resilient model 
operating under uncertainty with two-echelons: the supplier 
and multiple stores. These entities engage in negotiations to 
maximize expected profits, leading to two scenarios. The first 
scenario involves non-cooperation, where individual stores and 
the supplier independently strive to maximize expected profits 
based on the delivery quantity. In the second, cooperative 
scenario, stores collaborate to jointly optimize expected profits 
while mitigating stockout risks, utilizing a central warehouse 
for return logistics of excess quantities. Various actors in the 
supply chain, such as the central supplier, stores, and the 
government, implement specific strategies. The model 
addresses resilience by managing demand uncertainty through 
a stochastic model, implementing security stocks dedicated to 
each store, and diversifying product sources. Sustainability is 
incorporated through unit costs associated with eco-friendly 
practices. Cooperation introduces a central warehouse as a 
backup supplier, enhancing overall resilience. Logistics of 
returns are managed to reduce waste and product depreciation 
[14], [15] amid uncertain demand. The depreciation cost, 
covering product returns and replenishment fees, aims to 
promote responsible inventory management and minimize 
unwarranted returns [14], [15]. 

The paper is structured as follows: Section II explores 
previous studies about quantity-based strategies in supply 
chains. It focuses on making supply chains more sustainable 
and resilient in competitive environments and uncertain 
situations. Section III concentrates on building and analyzing a 
model that includes two different quantity-based strategies. 
The first strategy involves the non-cooperation of stores, 
competing independently with the supplier. The second 
strategy involves a cooperative scenario where stores work 
together to maximize their expected profit, managing the 
competitive dynamics with the supplier. In Section IV, a 
numerical analysis is conducted, employing examples to 
substantiate the selection of quantity-based strategies in each 
scenario and making comparisons between uniform and normal 
distribution cases. Moving to Section V, we present and 
thoroughly analyze the outcomes obtained from both the 
developed model and the numerical analysis. Section VI 
concludes by presenting final observations, highlighting 
limitations, and suggesting potential avenues for future 
research. 

II. LITERATURE REVIEW 

Academic research investigates how uncertainty, resilience, 
and sustainability meet in competitive supply chains, aiming to 
guide companies in maintaining efficiency and ecological 
responsibility despite disruptions. This review emphasizes 
studies aligning with sustainable strategies under uncertainty 
and employing game theory to understand competition 
dynamics. 

A. Supply Chain in Competition and Under Uncertainty 

Nowadays, strategies to adopt in supply chains to be 
competitive become significant under conditions of 
uncertainty, as they play a pivotal role in navigating dynamic 
market fluctuations and mitigating risks. Broadly, there are two 
categories of uncertainties: operational and disasters [13]. 
Operational uncertainties pertain to the configuration of 
activities, encompassing factors like order timing and product 
prices [16]. The literature shows that various studies focus on 
disruption risks in supply chain systems through risk mitigation 
strategies, and aimed at identifying suitable measures 
throughout different stages, pre-disaster, during-disaster, and 
post-disaster [17], [18]. On the other hand, other studies 
focused on risk aversion strategy, where disruption represents a 
tangible and unplanned form of uncertainty that necessitates 
certain actions to anticipate and control uncertainty. In this 
context, scenario-based models prove to be valuable tools for 
incorporating disruption and uncertainty in both parameters 
and variables [19]. A scenario-based approach provides 
flexibility in addressing uncertainty by considering optimistic, 
pessimistic, and realistic scenarios [19], [20], [21]. 

On a different note, it is imperative to emphasize the 
critical significance of crafting a robust optimization model 
that not only acknowledges but adeptly addresses the inherent 
uncertainties linked to parameters and decision variables [22]. 
The principal origins of such uncertainty, stemming from 
randomness and fuzziness, have been extensively recognized 
and documented in notable research works [23], [24]. This 
profound comprehension of uncertainties is pivotal as it forms 
the basis for implementing robust scenario-based approaches. 
The authors in their study [25], consider the investments made 
by remanufacturers in corporate social responsibility 
initiatives. Numerous studies within this domain seamlessly 
integrate the pervasive element of uncertainty. Utilizing 
stochastic and dynamic programming is by to harmonize 
sustainability and uncertainty [26]. A bi-objective model is 
crafted, balancing sustainability with economic costs while 
addressing uncertainties and demand fluctuations. This study 
focuses on optimizing the management of unused medications 
in the pharmaceutical supply chain. Exploring decentralized 
and centralized models, it introduces an innovative shortage 
risk-sharing purchase contract. Numerical analysis confirms its 
effectiveness in aligning the supply chain, improving 
profitability, and ensuring financial sustainability. This model 
provides a strategic approach to minimize costs while 
highlighting the advantages of various management approaches 
in the pharmaceutical sector. 
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B. Sustainability Under Uncertainty 

In the evolving landscape of supply chain management, the 
integration of sustainability has become imperative. 
Organizations are increasingly recognizing the need to align 
operations with environmental considerations, societal 
expectations, and effective management of uncertainty [27]. 
The strategic deployment of strategies is pivotal in balancing 
economic objectives with sustainability goals [10]. This 
symbiotic relationship holds the key to resilience and long-
term success in the global marketplace. 

Navigating the intricate landscape of supply chains, the 
integration of sustainability becomes inherently linked with the 
overarching concept of uncertainty as organizations grapple 
with dynamic variables and unforeseen challenges in their 
pursuit of environmentally and socially responsible practices 
[13]. Many studies address challenges of uncertainty in 
designing a sustainable and competitive supply chain. 
Incorporating environmental, societal, and economic 
dimensions. The model proposed of the study [28] concerns a 
supply chain structure involving two clusters, a retailer, and a 
government orchestrator. The application of six model 
variations to a real-world case study in the Iranian leather 
industry illustrates the model's utility in navigating 
uncertainties while promoting sustainability across the supply 
chain. Managing production, distribution, and staffing while 
dealing with uncertainty in the perishable goods industry is the 
concern of the work [29] that used a new method, FDSL-
NSGA-II. Tested in the dairy industry, this model improves the 
balance between various aspects of the supply chain and 
reduces environmental impacts. Similarly, an interesting work  
presented a sustainable dual-objective blood supply chain [30] , 
highlighting diverse environmental and social considerations in 
the blood decomposition process. They integrated uncertainty 
into the model, specifically addressing variables such as the 
volume of blood collected at transfusion laboratories and the 
decomposition rate at blood decomposition facilities. Delving 
into the intricacies of supply chain management and decision 
making strategies, an investigation conducted by [31] 
incorporates considerations of carbon emissions and customer 
preferences, all within the context of supply uncertainties 
stemming from the ongoing impact of COVID-19. Utilizing a 
non-linear programming model, the study formulates optimal 
strategies, shedding light on the potential risks of substantial 
losses and the consequential impact on business sustainability 
when uncertainties are not adequately addressed. 

C. Sustainable Supply Chain in Competition and Under 

Uncertainty 

Numerous studies have been undertaken to address the 
effective handling of disruptive risks [11], [18], [32]. They 
have focused on implementing supply chain resilience, 
utilizing both preventive and reactive strategies, and sustaining 
accomplishments in risk management within the supply chain 
over an extended period. Studies like [33], [34] focused on 
reactive strategy. Such as the examination a pharmaceutical 
supply chain network design problem, incorporating 
considerations for resilience and sustainability in the face of 
operational and disruptive risks [33]. Also, the investigation of 
both resilience and sustainability concurrently within the 
context of Supply Chain Network Design in the presence of 

disruptive and operational risks [34]. As a preventive strategy, 
the work of [35] focused on enhancing resilience against 
disruptive risks and developed an environmentally sustainable 
supply chain network. On the other hand, some other proactive 
strategies were adopted to enhance profitability during 
disruptions [11]. The simultaneous management of disruption 
risks and uncertainties was revealed to contribute significantly 
to achieving sustainability goals while reducing associated 
costs. Regarding the aim to design a resilient supply chain 
within a competitive environment, the focus on redesigning a 
resilient topology for a specific setting to quickly recover from 
disruptive incidents was examined in the work [36] proposing 
three proposed policies, maintaining emergency stock at 
retailers, reserving backup capacity at suppliers, and employing 
multiple-sourcing, are explored to mitigate disruption risk. 
Simultaneously, another study delves into the realm of intra-
supply chain competition, where producers and resellers 
navigate uncertainties and disruption risks to achieve their 
respective goals [37]. Sustainability and resilience both play 
crucial roles in shaping supply chain pricing strategies. 
Additionally, the investigation into the promotion of domestic 
products was explored in the study [10] and adopted a 
preventive strategy for risk aversion. The proposed model 
delves into stakeholder interactions, revealing the substantial 
impact of stores' sustainability efforts on pricing, supplier 
resilience strategies, and the role of governmental regulations. 
However, the study acknowledges limitations in the 
deterministic model, citing its potential oversimplification of 
real-world complexities and emphasizes the importance of 
managing demand uncertainty through a stochastic model. 

Maximizing profit forms a central focus in a significant 
portion of sustainable resilient supply chain [38]. Exploring 
the complexities of the location-pricing problem in a two-
echelon supply chain, this study underscores the dual focus on 
profit maximization and effective uncertainty management. 
Notably, considering social preferences, especially in a 
competitive context, leads to increased profit margins for the 
entire supply chain [12]. Furthermore, the exploration extends 
to scenarios where the collection process is collaboratively 
undertaken by both the manufacturer and the retailer, as 
observed in the study by  [39], which specifically delves into 
decision-making process within a cross-channel recycling 
context. Consumer consciousness is at the forefront when 
scrutinizing two distinct strategies: one employing uniform 
prices for both new and remanufactured products, and the 
other adopting disparate pricing [40]. The findings reveal 
potential advantages in equal pricing, especially when a 
significant proportion of consumers prioritize environmental 
considerations. In such instances, aligning strategies with the 
preferences of environmentally conscious customers can yield 
favorable outcomes. 

Many authors explored centralized and decentralized 
models in context of competition. The optimization of the 
management of unused medications in the pharmaceutical 
supply chain was investigated [41]. The model introduced an 
innovative shortage risk-sharing purchase contract. Numerical 
analysis confirms its effectiveness in aligning the supply chain, 
improving profitability, and ensuring financial sustainability. 
Similarly, another research work explored the imperative for 
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green reform amid environmental challenges. Investigating 
Green Technology Investment (GTI) decisions, it unveils a 
two-sided matching mechanism's influence on stable matches 
[42]. The findings highlight nuanced impacts of carbon prices 
and green improvement coefficients on GTI, product pricing, 
and profits. Similarly, the centralized and decentralized 
scenarios were Distinguished in the work [43] where quality 
considerations were incorporated into the analysis. 

With the intention of closing a gap in the literature, we 
consider uncertainty, sustainability and resilience parameters 
within a supply chain while model. As in practice, stochastic 
parameters play a pivotal role in decision-making processes, 
and integrating sustainability factors ensures a comprehensive 
approach that aligns with contemporary environmental and 
ethical considerations. This inclusive model aims to provide a 
more accurate representation of real-world scenarios, 
contributing to a nuanced understanding of the interplay 
between uncertainty, sustainability, and quantity-based 
strategies in supply chain management. 

III. MODELING FORMULATION AND ANALYSIS 

In this section, the focus is on the development and analysis 
of a supply chain network model under competitive dynamics, 
incorporating uncertainty parameters. The exploration 
encompasses the mathematical representation of variables such 
as quantity, sustainability, and resilience. 

A. Model Description and Assumptions 

In this study, a two-echelon supply chain model is 
developed, as illustrated in Fig. 1 and Fig. 2, featuring a 
supplier, stores. The model addresses uncertain demand 
through a stochastic demand (𝐷𝑖 . Effectively managing 
uncertainty in demand is pivotal for the supply chain's 
operational efficiency and resilience. By including stochastic 
elements, the model recognizes variability of the market 
demand, helping the supply chain make decisions in various 
situations. 

In the developed model, the supplier and the store, both in 
competition, seek to maximize expected profits, initiating a 
negotiation where each determines the optimal delivery 
quantity. This leads to two scenarios: the non-cooperative 
scenario, where store i and the supplier compete to individually 
maximize their expected profits by adopting a strategy based 
on the quantity to deliver(𝑄𝑖) . In contrast, the cooperative 
scenario involves collaboration among stores to jointly 
maximize their expected profits while mitigating the risk of 
stockouts. This collaboration is facilitated by utilizing a central 
warehouse to manage the logistics of returns for excess 
quantities from store i. 

Each actor of the supply chain influences others through 
specific strategies. The central supplier distributes a quantity 
(𝑄𝑖) of both foreign and domestic products to multiple stores at 
a wholesale price(𝜔𝑖). As the ultimate points of sale, stores not 
only retail products in the market at a designated price (𝑝𝑖) but 
also play a pivotal role in making critical decisions related to 
delivery quantities (𝑄𝑖) , sustainability initiatives (𝑒𝑖) , and 
managing uncertainties in demand [44]. The supplier, while not 
directly involved in production, assumes a pivotal role in 
distribution, negotiating quantities (𝑄𝑖), and managing security 

stock (𝜓𝑖)  with each store for more resiliency [45]  and 
considering sustainability (𝑒𝑠)  for each product. The 
government intervenes by imposing custom fees (𝜏) on foreign 
products and providing subsidies (𝜈)  to boost domestic 
products [9]. Additionally, it fulfills a regulatory function by 
balancing the quantities of foreign and domestic products in the 
market, diversifying product sources for enhanced resilience, 
and promoting sustainability practices. 

The resilience of the supply chain is comprehensively 
addressed in this model, manifesting in multiple ways. Firstly, 
managing demand uncertainty (𝐷𝑖) through a stochastic model 
is a crucial element to mitigate the risks of disruptions and 
ensure a high level of customer service [44]. Secondly, the 
implementation of security stocks (𝜓𝑖) dedicated to each store 
i by the supplier further strengthens resilience in response to 
the specific demand of store i . This reserved quantity 
(𝜓𝑖)serves as a buffer, enabling the supplier to adeptly address 
fluctuations in demand and unexpected disruptions within the 
supply chain [45]. Thirdly, the diversification of product 
sources affords the option between locally sourced and 
imported products, offering an import alternative in the event 
of a shortage of local products [44]. Additionally, in the 
cooperative scenario, the introduction of a central warehouse in 
the initial configuration allows for consolidating surplus 
products from each store through mutualization, thereby 
ensuring supply in times of need. This central warehouse 
serves as a backup supplier [44] for the store, constituting a 
second source of products and contributing to fortifying its 
resilience. 

Sustainability in the supply chain is considered by both the 
supplier and the store. The costs (𝑒𝑠), (𝑒𝑖) and (𝑒′) are all of 
them sustainability unit costs for the supplier, the store and the 
central warehouse respectively. These costs include expenses 
of activities and investments that promote sustainability, such 
as addressing the CO2 emissions tax [46] linked to product 
transportation, refurbishing products in an environmentally 
friendly manner, mandating sustainable packaging, 
implementing recycling initiatives, etc. As demand is 
uncertain, the potential risk of surplus products (𝑄𝑖 − 𝐷𝑖) in 
each store becomes a concern [47]. Therefore, managing the 
logistics of returns for excess quantities in the cooperative case 
is a crucial element, thus reducing waste and product 
depreciation (𝑙). 

The depreciation cost (𝑙) considered between the supplier 
and stores, represents the expense linked to product returns 
from stores to the supplier  [14], [15]. This cost is designed to 
offset the loss in value resulting from product use in the store, 
aiming to incentivize responsible inventory management and 
minimize unwarranted returns. The depreciation cost also 
encompasses replenishment fees, covering the expenses 
associated with reintegrating returned products into the 
supplier's inventory. These expenses typically involve 
processes such as inspection, refurbishment, and repackaging.  

1) Non-cooperative scenario: In the non-cooperative 

model as illustrated in Fig. 1, stores and the supplier, all in 

competition, seek to maximize their expected profits 

independently. Individual stores engage in negotiations with 

the supplier, independently determining the optimal quantity 
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(Qi
∗NC) of products to order considering demand uncertainty. 

On the other hand, the supplier aims to maximize sales and 

determine its optimal quantity (Qî
∗
) of products to deliver to 

the store. 

 

Fig. 1. The non-cooperative supply chain network model comprising stores 
and a single supplier. 

The potential risk of surplus products (𝑄𝑖 − 𝐷𝑖)  in each 
store is a concern when (𝐷𝑖 > 𝑄𝑖). Therefore, a depreciation 
cost (𝑙)is considered in the non-cooperative configuration for 
the store [14], [15]. Similarly, the shortage cost (𝑧)  is 
mandatory if case of stockouts [4]. For the store, this represents 
an expense; however, it enables the supplier to not only 
mitigate financial losses associated with returns but also 
encourages stores to maintain a high standard of quality in their 
inventory management practices. 

2) Cooperative scenario: In the non-cooperative 

configuration, stores engaged in individual competition with 

the supplier strive to maximize their expected profits 

independently. This model, characterized by a lack of 

cooperation, does not foster synergy among stores, which 

could potentially lead to a reduction in costs related to storage 

and depreciation. Furthermore, the presence of excess 

quantities introduces an increased risk of expiration or 

obsolescence, resulting in financial losses for the stores. 

On the other hand, in the cooperative configuration 
illustrated in Fig. 2, stores are encouraged to collaborate to 
maximize their expected profits while still competing with the 
supplier and engage in negotiations determining the optimal 

quantity (𝑄𝑖
∗𝐶𝑂). This collaboration materializes through the 

establishment of a central warehouse, playing a crucial role, 
especially in the face of uncertain demand. Excess quantities 
(𝑄𝑖 − 𝐷𝑖)  that remain unsold in the stores are redirected to this 

central warehouse, acting as a reserve to prevent stockouts in 
case of high demand (𝐷𝑖 > 𝑄𝑖). This cooperation among stores 
enables the distribution of responsibilities among them and the 
pooling of resources by sharing fixed costs of the central 
warehouse represented by the ratio (𝜑) that is the quote part of 
central warehouse fixed costs for each store, minimizing costs, 
notably the depreciation cost (𝑙)  and shortage cost (𝑧) that are 
not considered in the cooperative scenario for the store, and 
reinforcing the resilience of the stores. This centralization also 
minimizes the risk of expiration, depreciation, or obsolescence 
of products in the stores, providing the opportunity to sell them 
in other secondary markets, notably to the supplier. 

 

Fig. 2. The cooperative supply chain network model comprising stores and a 

single supplier. 

The main objective of this competitive supply chain model 
of a single supplier and multiple stores, is to explore the 
interactions among these actors, their impact on each other, and 
the influence of sustainability and resilience on their expected 
profits. 

3) Assumptions: In the two scenarios outlined in our 

uncertain supply chain model, various fundamental 

assumptions are formulated to simplify and delineate the 

context of our analysis. These assumptions establish the 

parameters, relationships, and foundational conditions that 

govern our system. They play a crucial role in framing our 

study with precision and rigor. 

 𝑙 < 𝜔𝑖 , 𝑝𝑖   

 We assume a market configuration characterized by 
monopoly at store level;  

 We assume that the customers have the same quality 
preference for products; 

 We assume that all products are depreciated at the 
same level; 

 Store i receives its supplies from a single supplier; 

 In the cooperative configuration, store i  can be 
supplied by the central warehouse; 
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 The supplier sets varying selling prices through 
negotiations with each store i; 

 The Store i handles the collection and transportation of 
unsold surplus products to the central warehouse, 
incurring CO2 emissions that are subject to taxation by 
the government (𝑒′); 

 The supplier dedicates an inventory quantity (𝜓𝑖  ) as a 
security stock for each store i. 

Given the aforementioned assumptions, the expected 
objective functions of the problem for both scenarios, the 
cooperative and non-cooperative, to be modeled are as follows: 

 Maximize store expected profit (cooperative and non-
cooperative scenario); 

 Maximize supplier expected profit. 

4) Model parameters and variables: The notations 

employed in the mathematical model are listed below. The 

superscripts 'NC' and 'CO' signify the non-cooperative and 

cooperative scenarios, respectively. 

Parameters and variables 

𝐷𝑖: The stochastic demand at the store, which adheres to the 

probability density function 𝑓(𝑥)  and the cumulative 

distribution function 𝐹(𝑥) 

𝑄𝑖  : order quantity of store i  
𝑝𝑖  : unit price of a product at store i 

𝑝′ : buyback unit price of a product by the central warehouse 

from the store i 
𝑒𝑖: unit sustainability cost for store i 
𝑒𝑠: unit sustainability cost for the supplier 

𝑒′: unit sustainability cost for the central warehouse 

𝑐𝑖  : store’s operating unit cost 

𝑐𝑠: supplier’s operating unit cost  

𝑐 : overall operating unit cost of supplier 

𝑧  : shortage cost per unit for store i 

𝜓𝑖  : ratio of inventory quantity reserved for store i 
𝛿 : ratio of supplier’s wholesale price dedicated to holding 

products 

𝑙 : depreciated cost 

𝜏 : custom fees 

𝜈 : government subsidy 

𝜃 : ratio of quantity of foreign products, 𝜃𝜖[0,1] 
𝜑: quote part of central warehouse fixed costs for each store  

𝜔𝑖  : supplier wholesale price of the product 

𝜔′:  central warehouse wholesale price of the product 

Expected profit functions 

𝐸𝑁𝐶(𝜋𝑖
 ) : expected profit of store i  for the non-cooperative 

scenario 

𝐸𝐶𝑂(𝜋𝑖
 ): expected profit of store i for the cooperative scenario 

𝐸(𝜋𝑖,𝑠
 ): expected supplier profit with one store  

𝐸(𝜋𝑠
 ): expected supplier profit for the whole network  

B. Model Construction and Analysis 

The mathematical model presented in this research 
provides a formal representation of key interactions within a 

network involving a central supplier and multiple stores. It 
offers an analytical framework to explore and interpret 
underlying dynamics within the contexts of two scenarios: 
cooperative and non-cooperative one. 

5) Expected profit of Store 𝑖 

a) Expected profit of Store 𝑖  for the non-cooperative 

scenario 

In this sub-section, the store's profitability is studied for the 
non-cooperative structure.  

The expected profit Eq. (1) for store i  for the non-
cooperative configuration is given as follows.  

𝐸(𝜋𝑖
𝑁𝐶(𝑄𝑖)) = (𝑝𝑖 − 𝑒𝑖)𝐸[𝑚𝑖𝑛(𝑄𝑖 , 𝐷𝑖)] − (𝜔𝑖 + 𝑐𝑖)𝑄𝑖 −

𝑧𝐸[𝑚𝑎𝑥  (0, 𝐷𝑖 − 𝑄𝑖)] + (𝜔𝑖 − 𝑙)𝐸[𝑚𝑎𝑥  (0, 𝑄𝑖 − 𝐷𝑖)]   (1) 

In the Eq. (1), the first term represents the total revenue 
generated by selling products in the market (𝑝𝑖), taking into 
account the sustainability cost of the store i (𝑒𝑖) that varies due 
to demand uncertainty. The second term expresses the cost of 
purchasing products from the supplier (𝜔𝑖) , minus the 
operational cost (𝑐𝑖)  of store i . The third term indicate the 
shortage cost (𝑧)  per unit for store i. the last term represent 
difference between the supplier wholesale price and the 
depreciation cost (𝑙) in the case of the surplus of quantity of 
items. The purpose of this cost (𝑙)  is to counterbalance the 
reduction in value attributed to product use in the store, with 
the goal of encouraging responsible inventory management. 

With some algebra, the expected profit for store i in the 
non-cooperative scenario will be the following Eq. (2). 

𝐸(𝜋𝑖
𝑁𝐶(𝑄𝑖)) = −𝑄𝑖(𝑐𝑖 + 𝑙) + 𝐸(𝐷𝑖)(𝑙 − 𝑒𝑖 + 𝑝𝑖 − 𝜔𝑖) − (𝑙 −

𝑒𝑖 + 𝑝𝑖 − 𝜔𝑖 − 𝑧) ∫ (𝐷𝑖 − 𝑄𝑖)𝑓(𝐷𝑖
𝑄𝑖

−∞
)𝑑𝐷𝑖                (2) 

The store i can adopt the strategic option of determining the 
optimal quantity to order from the supplier considering 
sustainability. If we consider the scenario where the store 
exclusively prioritizes the quantity strategy, the optimal 
quantity for maximizing expected profit based on the Eq. (2) is 
presented in the Eq. (3): 

𝑄𝑖
∗𝑁𝐶 =  𝐹𝐷𝑖

−1(
−𝑐𝑖−𝑙

𝑙−𝑒𝑖+𝑝𝑖−𝜔𝑖−𝑧
)  (3) 

Proof. Maximum expected profit is sought by deriving the 

expected profit function 𝐸(𝜋𝑖
𝑁𝐶(𝑄𝑖)). 

𝜕E(𝜋𝑖
𝑁𝐶(𝑄𝑖))

𝜕𝑄𝑖
= (−𝑐𝑖 − 𝑙) − (𝑙 − 𝑒𝑖 + 𝑝𝑖 − 𝜔𝑖 − 𝑧)𝐹𝐷𝑖

(𝑄𝑖)  

The second derivative of the expected profit function for 

the store i  with respect to (𝑄𝑖) is: 
𝜕2E(𝜋𝑖

𝑁𝐶(𝑄𝑖))

𝜕2𝑄𝑖
= −(𝑙 − 𝑒𝑖 +

𝑝𝑖 − 𝜔𝑖 − 𝑧)𝑓𝐷𝑖
(𝑄𝑖) 

We have: 
𝜕2E(𝜋𝑖

𝑁𝐶(𝑄𝑖))

𝜕2𝑄𝑖
< 0  thus, the function admits a 

maximum.  

Knowing that 𝐹𝐷𝑖
(𝑄𝑖) = ∫ 𝑓(𝐷𝑖

𝑄𝑖

−∞
)𝑑𝐷𝑖  so 𝑓D𝑖

> 0 

And (𝑙 − 𝑒𝑖 + 𝑝𝑖 − 𝜔𝑖 − 𝑧) > 0 with 𝑝𝑖 > 𝑒𝑖 + 𝜔𝑖 + 𝑧 and 
𝑙, 𝑒𝑖 , 𝑝𝑖 , 𝜔𝑖 , 𝑧 > 0 
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The maximum is obtained by solving 
𝜕E(𝜋𝑖

𝑁𝐶(𝑄𝑖))

𝜕𝑄𝑖
= 0. 

b) Expected Profit of Store 𝑖  for the Cooperative 

Scenario 

In this sub-section, the store's profitability is examined 
within the cooperative configuration, where stores cooperate to 
maximize their expected profits while still competing with the 
supplier. 

The expected profit Eq. (4) for store i in the cooperative 
scenario is given as follows.  

𝐸(𝜋𝑖
𝐶𝑂(𝑄𝑖)) = (𝑝𝑖 − 𝑒𝑖)𝐸[𝑚𝑖𝑛  (𝑄𝑖 , 𝐷𝑖)] − (𝜔𝑖 + 𝑐𝑖)𝑄𝑖 −

 𝜔′𝐸[𝑚𝑎𝑥  (0, 𝐷𝑖 − 𝑄𝑖)] + (𝑝′ − 𝑒′)𝐸[𝑚𝑎𝑥  (0, 𝑄𝑖 − 𝐷𝑖) +
 𝜑]    (4) 

In the Eq. (4), the initial term signifies the overall revenue 
derived from selling products in the market at the store i's price 
(𝑝𝑖) , considering the store's sustainability cost (𝑒𝑖) . Second 
term denotes the expense incurred in procuring products from 
the supplier (𝜔𝑖), minus the operational cost (𝑐𝑖) of store i. The 
third term indicates the replenishment quantity (𝐷𝑖 − 𝑄𝑖) 
required and supplied by the central warehouse and (𝜔′) is the 
central warehouse wholesale price of the product. The fourth 
term represents the store’s revenue obtained by reselling the 
surplus quantity (𝑄𝑖 − 𝐷𝑖) to the central warehouse at the price 
(𝑝′) considering the central warehouse sustainability cost (𝑒𝑖) 
which is proportionally borne by each store i. The last term (𝜑) 
represents the quote part of each store i of central warehouse 
expenses.  

With some algebra, the expected profit for store i in the 
cooperative scenario will be the following Eq. (5). 

𝐸(𝜋𝑖
𝐶𝑂(𝑄𝑖)) = (𝑝′ − 𝑒′)𝜑 + 𝑄𝑖(−𝑒′ + 𝑝′ − 𝜔𝑖 −

𝑐𝑖)+𝐸(𝐷𝑖)(𝑒′ − 𝑒𝑖 + 𝑝𝑖 − 𝑝′) + (−𝑒′ + 𝑝′ − 𝜔′ + 𝑒𝑖 −

𝑝𝑖) ∫ (𝐷𝑖 − 𝑄𝑖)𝑓𝐷𝑖𝑑𝐷𝑖
𝑄𝑖

−∞
     (5) 

By adopting a strategy based on quantity, the optimal 
quantity for the store i to order from the supplier considering 
sustainability is the following presented in the Eq. (6): 

𝑄𝑖
∗𝐶𝑂 =  𝐹𝐷𝑖

−1(
−𝑒′+𝑝′−𝜔𝑖−𝑐𝑖

−𝑒′+𝑝′−𝜔′+𝑒𝑖−𝑝𝑖
)        (6) 

Proof. Maximum expected profit is sought by deriving the 

profit function 𝐸(𝜋𝑖
𝑁𝐶(𝑄𝑖)). 

𝜕E(𝜋𝑖
𝐶𝑂(𝑄𝑖))

𝜕𝑄𝑖
= (−𝑒′ + 𝑝′ − 𝜔𝑖 − 𝑐𝑖) + (−𝑒′ + 𝑝′ − 𝜔′ + 𝑒𝑖 −

𝑝𝑖)𝐹D𝑖
(𝑄𝑖)  

The second derivative of the expected profit function for 

the store i with respect to (𝑄𝑖)is: 
𝜕2E(𝜋𝑖

𝐶𝑂(𝑄𝑖))

𝜕2𝑄𝑖
= −(−𝑝′ + 𝑝𝑖 +

𝜔′ − 𝑒𝑖 + 𝑒′)𝑓D𝑖
 

We have: 
𝜕2E(𝜋𝑖

𝐶𝑂(𝑄𝑖))

𝜕2𝑄𝑖
< 0  thus, the function admits a 

maximum. 

6) Expected profit of supplier: In the context of both non-

cooperative and cooperative configurations, the supplier seeks 

to maximize its expected profit with regard to individual 

stores and the entire network. In this subsection, we begin by 

examining the supplier's profitability concerning store i  and 

subsequently explore the overall network profitability. 

a) Expected profit of supplier in relation to one store i 

Our attention is directed towards analyzing the supplier's 
profitability with regard to one store i. 

We consider the overall operating unit cost of supplier 𝑐 =
𝑐𝑠 + 𝑒𝑠  with (𝑒𝑠)  and (𝑐𝑠)  as sustainability cost and the 
operational cost of the supplier respectively. 

The supplier expected profit function related to one store i 
is as follows: 

𝐸 (𝜋𝑖,𝑠
 (𝑄𝑖)) = 𝑄𝑖(𝜔𝑖 − 𝑐) − (𝜔𝑖 − 𝑙)𝐸[𝑚𝑎𝑥(0, 𝑄𝑖 − 𝐷𝑖)] −

 𝛿𝜔𝑖𝜓𝑖𝑄𝑖       (7) 

In the Eq. (7), the first term pertains to the supplier's 
expected profit from selling the quantity (𝑄𝑖) to a single store i 
at the price (𝜔𝑖), while accounting for sustainability costs (𝑒𝑠) 
which mainly concern the CO2 emissions tax linked to product 
transportation and operational expenses (𝑐𝑠). The second term 
involves the cost of unsold quantities (𝑄𝑖 − 𝐷𝑖)  that have 
depreciated (𝑙) . The final term is the holding cost (𝛿𝜔𝑖) 
associated with the reserved quantity (𝜓𝑖𝑄𝑖) allocated by the 
supplier to store i. Here, (𝛿) and (𝜓𝑖) represent the ratio of 

supplier’s wholesale price dedicated to holding products and 

ratio of inventory quantity reserved for store i respectively. 

With some algebra, the expected profit for the supplier will 
be the following Eq. (8): 

𝐸(𝜋𝑖,𝑠
 (𝑄𝑖)) = 𝐸(𝐷𝑖)(−𝑙 + 𝜔𝑖) − 𝑄𝑖(𝑐𝑠 + 𝑒𝑠 − 𝑙 + 𝛿𝜓𝑖𝜔𝑖) −

 (−𝑙 + 𝜔𝑖) ∫ (𝐷𝑖 − 𝑄𝑖)𝑓(𝐷𝑖
𝑄𝑖

−∞
)𝑑𝐷𝑖              (8) 

Considering the strategy where the supplier exclusively 
prioritizes the quantity, the optimal quantity for maximizing its 
expected profit with one store i based on Eq. (8) is presented in 
the Eq. (9): 

𝑄�̂�
∗

= 𝐹𝐷𝑖

−1(−
(𝑐𝑠+𝑒𝑠−𝑙+𝛿𝜓𝑖𝜔𝑖)

(𝜔𝑖−𝑙)
 )   (9) 

Proof. Maximum supplier expected profit is sought by 
deriving the expected profit function 𝐸(𝜋𝑖,𝑠

 (𝑄𝑖)). 

𝜕𝐸(𝜋𝑖,𝑠
 (𝑄𝑖))

𝜕𝑄𝑖

= −(𝑐𝑠 + 𝑒𝑠 − 𝑙 + 𝛿𝜓𝑖𝜔𝑖) − (𝜔𝑖 − 𝑙)𝐹𝐷𝑖
(𝑄𝑖) 

The second derivative of the expected profit function for 
the supplier with respect to (𝑄𝑖)is: 

𝜕2E(𝜋𝑖,𝑠
 (𝑄𝑖))

𝜕2𝑄𝑖

= −(𝜔𝑖 − 𝑙)𝑓𝐷𝑖
(𝑄𝑖) 

We have: 
𝜕2E(𝜋𝑖,𝑠

 (𝑄𝑖))

𝜕2𝑄𝑖
< 0  thus, the function admits a 

maximum. Since the wholesale price (𝜔𝑖) of the supplier is 
significantly higher than the depreciation cost (𝑙), the density 

function 𝑓𝐷𝑖
 is positive. 
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The maximum is obtained by solving 
𝜕𝐸(𝜋𝑖,𝑠

 (𝑄𝑖))

𝜕𝑄𝑖
= 0. 

b) Expected profit of supplier for the whole stores 

network 

In this subsection, our analysis is initiated by the 
examination of the supplier's overall expected profitability 
throughout the entire network, incorporating elements 
extending beyond direct dependence on store demands. These 
elements include the promotion of domestic products through 
subsidies and the taxation of foreign products, presenting an 
alternative option regulated by the government. 

The supplier expected profit function for the whole network 
is presented in the Eq. (10): 

𝐸(𝜋𝑠
 (𝑄𝑖)) = ∑ 𝐸(𝜋𝑖,𝑠

 (𝑄𝑖)) − 𝐶(𝜏) + 𝐼(𝜈) 
𝑛

𝑖=1
 (10) 

With: 

∑ 𝑄𝑖

𝑛

𝑖=1

= 𝑄, 𝐶(𝜏) =  𝜏. 𝜃𝑄, 𝐼(𝜈) = (1 − 𝜃)𝜈𝑄  

The customs fees paid by the supplier to the government 
for the percentage (𝜃)  of the quantities imported are 
represented by 𝐶(𝜏). Contrariwise, the government grants the 
supplier a subsidy, 𝐼(𝜈) , for a percentage (1 − 𝜃)  of the 
quantities obtained from local suppliers. 

Considering 𝑤 mean wholesale price of the supplier, then: 

𝑤 =
∑ 𝜔𝑖

𝑛
𝑖=1

𝑛
 

To make the calculation easier, we assume that 
∑ 𝜔𝑖𝑄𝑖

𝑛
𝑖=1 = 𝑛𝑤𝑄  and that the stores order almost the same 

quantities. The overall expected profit of the supplier is the 
sum of the expected profits made with each store i  and is 
represented in the Eq. (11): 

∑ 𝐸(𝜋𝑖,𝑠
 (𝑄𝑖))

𝑛

𝑖=1
= 𝑛𝐸(𝐷𝑖)(−𝑙 + 𝑤) − 𝑄 (𝑐𝑠 + 𝑒𝑠 − 𝑙 −

𝛿𝜓𝑖𝑛𝑤) + n(𝑙 − 𝑤) ∫ 𝐹𝐷𝑖
(𝑄𝑖)

𝑄𝑖

−∞
  (11) 

By replacing Eq. (11) in Eq. (10) we get the global supplier 
expected profit in the Eq. (12): 

𝐸(𝜋𝑠
 (𝑄)) = 𝑛 [𝑄(𝜈 − 𝜃(𝜈 + 𝜏) − 𝑐𝑠 − 𝑒𝑠 + 𝑙 + 𝛿𝜓𝑖𝑛𝑤) +

𝐸(𝐷𝑖)(−𝑙 + 𝑤) + (𝑙 − 𝑤) ∫ 𝐹𝐷𝑖
(𝑄)

𝑄𝑖

−∞
] (12) 

Considering the strategy where the supplier exclusively 
prioritizes the quantity, the optimal quantity for maximizing its 
global expected profit within the whole network based on Eq. 
(12) is presented in the Eq. (13): 

𝑄𝑖�̂�
∗

= 𝐹𝐷𝑖

−1(
(𝜈−𝜃(𝜈+𝜏)−𝑐𝑠−𝑒𝑠+𝑙+𝛿𝜓𝑖𝑛𝑤)

(𝑤−𝑙)
)     (13) 

With some algebra the optimal price w^* for the supplier 

according to (𝑄𝑖𝑠
̂ ∗

) is presented in the Eq. (14): 

𝑤∗ =
𝑙(𝐹𝐷𝑖

(𝑄𝑖�̂�
∗

)+1)+𝜈−𝜃(𝜈+𝜏)−𝑐𝑠−𝑒𝑠

𝐹𝐷𝑖
(𝑄𝑖�̂�

∗
)−𝛿𝜓𝑖𝑛

           (14) 

Proof. Maximum supplier’s global expected profit is sought 
by deriving the expected profit function 𝐸(𝜋𝑠

 (𝑄)). 

𝜕𝐸(𝜋𝑠
 (𝑄))

𝜕𝑄
= 𝑛[(𝜈 − 𝜃(𝜈 + 𝜏) − 𝑐𝑠 − 𝑒𝑠 + 𝑙 + 𝛿𝜓𝑖𝑛𝑤) + (𝑙 −

𝑤) 𝐹𝐷𝑖
(𝑄)]  

The second derivative of the global expected profit function 
for supplier with respect to (𝑄) is:  

𝜕2E(𝜋𝑠
 (𝑄))

𝜕2𝑄
= −𝑛[(𝑤 − 𝑙)𝑓𝐷𝑖

(𝑄) ] 

We have: 
𝜕2E(𝜋𝑠

 (𝑄))

𝜕2𝑄
< 0  thus, the function admits a 

maximum. Since the wholesale price (𝑤)  of the supplier is 
significantly higher than the depreciation cost (𝑙)  and the 

density function 𝑓𝐷𝑖
 is positive. 

IV. NUMERICAL ANALYSIS 

This section conducts a numerical analysis to draw 
conclusions on sustainability and resilience in logistics supply 
chains, emphasizing quantity-based strategies and 
sustainability practices within defined constraints. Due to 
demand's probabilistic nature in the model, forecasts may be 
inaccurate. Two configurations, cooperative and non-
cooperative, are analyzed considering both uniform and normal 
demand distributions. 

The numerical parameters and datasets presented in Tables 
I and II are utilized for this analysis and pertain to both the 
store and the supplier. These have been selected after a 
thorough review of existing literature [4], making sure they 
conform to methodologies. To enhance the overall validity and 
reliability of our numerical approach, we carefully select these 
values to align with the specific assumptions stated in our 
study. 

Table I and Table II also present the outcomes of the 
proposed model, considering two distinct demand distribution 
functions: the uniform and the normal, respectively, along with 
two distinct configurations for the store: the cooperative 
configuration and the non-cooperative one. In order to 
effectively use the dataset, it was necessary to consider six 
scenarios, where the main variable parameter was the 
sustainability costs (𝑒𝑖)  and (𝑒𝑠). Indeed, the sustainability 
cost, as a variable parameter, is manipulated to observe its 
impact on optimal quantities and expected profits. 

TABLE I.  DATA SETS AND RESULTS OF APPLYING PROPOSED MODELS 

ON NUMERICAL EXAMPLES FOR A UNIFORM DISTRIBUTION 

The store’s non-cooperative case: uniform distribution 

𝑐𝑖 = 20,  𝑝𝑖 = 130, 𝜔𝑖 = 40, 𝑙 = 4, 𝑧 = 80,  𝐷~(𝑎, 𝑏) = (100, 200) 

Scenario 𝒆𝒊 𝑸𝒊
∗𝑵𝑪

 𝑬𝑵𝑪(𝝅𝒊
 ) 

1 59 153,33 3330,00 

2 60 152,17 3221,74 

3 61 151,06 3111,70 

4 62 150,00 3000,00 

5 63 148,98 2886,73 

6 64 148,00 2772,00 
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The store’s cooperative case: uniform distribution 

𝑐𝑖 = 20, 𝑝𝑖 = 130, 𝜔𝑖 = 60, 𝑒′ = 20,  𝑝′ = 90,  𝜔′ = 110,  𝜑 = 10%,
𝐷~(𝑎, 𝑏) = (100, 200) 

Scenario 𝒆𝒊 𝑸𝒊
∗𝑪𝑶

 𝑬𝑪𝑶(𝝅𝒊
 ) 

1 59 109,01 4770,51 

2 60 109,09 4661,55 

3 61 109,17 4553,33 

4 62 109,26 4445,89 

5 63 109,35 4339,24 

6 64 109,43 4233,42 

The supplier case: uniform distribution 

𝑐𝑠 = 23, 𝑤 = 130, 𝑛 = 3, 𝜈 = 77, 𝜃 = 65%,  𝜏 = 11,  𝜓 = 40%, 𝛿 = 30%, 
𝑙 = 10, 𝐷~(𝑎, 𝑏) = (100, 200) 

Scenario 𝒆𝒔 𝑸𝒊�̂�

∗
 𝑬(𝝅𝒔

 ) 

1 12 128,00 11150,40 

2 13 123,00 10697,40 

3 14 118,00 10274,40 

4 15 113,00 9881,40 

5 16 108,00 9518,40 

6 17 103,00 9185,40 

TABLE II.  DATA SET AND RESULTS OF APPLYING PROPOSED MODELS ON 

NUMERICAL EXAMPLES FOR A NORMAL DISTRIBUTION 

The store’s non-cooperative case: normal distribution 

𝑐𝑖 = 20,  𝑝𝑖 = 130, 𝜔𝑖 = 40, 𝑙 = 4, 𝑧 = 80,  𝑁~(𝜇, 𝜎) = (100, 30) 

Scenario 𝒆𝒊 𝑸𝒊
∗𝑵𝑪

 𝑬𝑵𝑪(𝝅𝒊
 ) 

1 59 102,51 1636,69 

2 60 101,64 1549,72 

3 61 100,80 1462,31 

4 62 100,00 1374,48 

5 63 99,23 1286,25 

6 64 98,50 1197,66 

The store’s cooperative case: normal distribution 

𝑐𝑖 = 20, 𝑝𝑖 = 130, 𝜔𝑖 = 60, 𝑒′ = 20,  𝑝′ = 90,  𝜔′ = 110,  𝜑 = 10%,
𝑁~(𝜇, 𝜎) = (100, 30) 

Scenario 𝒆𝒊 𝑸𝒊
∗𝑪𝑶

 𝑬𝑪𝑶(𝝅𝒊
 ) 

1 59 59,79 4197,64 

2 60 59,94 4233,95 

3 61 60,10 4269,66 

4 62 60,25 4305,46 

5 63 60,41 4340,65 

6 64 60,57 4375,57 

The supplier case: normal distribution 

𝑐𝑠 = 23, 𝑤 = 130, 𝑛 = 3, 𝜈 = 77,  𝜃 = 65%,  𝜏 = 11, 𝜓 = 40%,  𝛿 =
30%, 𝑙 = 10, 𝑁~(𝜇, 𝜎) = (100, 30) 

Scenario 𝒆𝒔 𝑸𝒊�̂�

∗
 𝑬(𝝅𝒔

 ) 

1 12 82,51 3452,49 

2 13 77,83 2873,65 

3 14 72,54 2323,49 

4 15 66,21 1798,30 

5 16 57,85 1290,32 

6 17 43,58 760,04 

C. Profit Optimization and Sustainability 

In this subsection, the examination of the expected profits 
of the supplier and the store under various scenarios, 
considering uniform and normal distribution cases, is 
conducted. Additionally, the optimal quantity of the 
aforementioned logistics actors in these distributions across 
non-cooperative and cooperative configurations is illustrated. 

Given the nature of demand (𝐷𝑖) , when it follows a 
uniform distribution, the optimal quantities for the store and the 
supplier exceed those associated with demand following a 
inormal distribution, as demonstrated in Table I and Table II. 
Similarly, the expected profits generated by the supplier and 
the store in non-cooperative and cooperative configurations are 
higher when demand (𝐷𝑖)  follows a uniform distribution 
compared to a normal distribution, as presented in Table I and 
Table II. In a distribution network comprising multiple stores 
and a supplier, when the demand (𝐷𝑖)  follows a uniform 
distribution, it is advantageous for both the store and the 
supplier to have a regular demand to maximize profit. 
However, in the case of a normal distribution, the demand may 
not be regular. 

Comparing the store's expected profit in both cooperative 
and non-cooperative scenarios, regardless of the demand 
nature, whether it follows a uniform or normal distribution, the 
cooperative scenario yields higher expected profit, as depicted 
in Tables I and II. Therefore, the store has an interest in 
cooperating to maximize its expected profit. The proposed 
cooperative configuration actively promotes store collaboration 
by sharing central warehouse-related costs and pooling 
resources, particularly the surplus quantities (𝑄𝑖 − 𝐷𝑖), which 
are returned and resold to the central warehouse, resulting in a 
reduction of depreciation (𝑙) and stockout (𝑧) costs. 

 

Fig. 3. The store’s optimal quantity variation by store sustainability cost (𝑒𝑖) 

for the cooperative configuration. 

Fig. 3 depicts the evolution of the store’s optimal quantity 

(𝑄𝑖
∗𝑁𝐶) with the store sustainability cost (𝑒𝑖)  increase in a 

non-cooperative configuration. The optimal quantity (𝑄𝑖
∗𝑁𝐶)  

for the normal distribution initially is significantly higher than 
that of the uniform distribution and decreases rapidly with the 
increase in (𝑒𝑖) . Similarly, it is possible to determine the 
optimal sustainability cost (𝑒𝑖)  corresponding to the 
intersection of the two curves, especially in the absence of 
information on demand evolution. 
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Fig. 4. The store’s optimal quantity variation by store sustainability cost (𝑒𝑖) 
for the cooperative configuration. 

Fig. 4 shows the evolution of the store’s optimal quantity 

(𝑄𝑖
∗𝐶𝑂) with the store sustainability cost (𝑒𝑖) increase in a non-

cooperative configuration. The optimal quantity 

(𝑄𝑖
∗𝐶𝑂) increases substantially with the rise in sustainability 

cost (𝑒𝑖) , regardless of the distribution type. However, this 
increase is particularly significant when dealing with a normal 
distribution. Beyond a certain value of (𝑒𝑖) (around 70), the 
optimal quantity becomes insensitive to a large increase in 
(𝑒𝑖). 

 

Fig. 5. The supplier’s optimal quantity variation by supplier sustainability 

cost (𝑒𝑠). 

The optimal quantity (𝑄𝑖𝑠
̂ ∗

) in the supplier's case decreases 
with the rise of the supplier's sustainability cost (𝑒𝑠) , as 
depicted in Fig. 5. A distinct contrast is observable between the 
normal and uniform distributions. In the case of the uniform 

distribution, the optimal quantity (𝑄𝑖𝑠
̂ ∗

)  for the supplier has 
decreased significantly following a slight variation in the 
sustainability cost (𝑒𝑠). Conversely, in the case of a normal 

distribution, the optimal quantity (𝑄𝑖𝑠
̂ ∗

)  gradually decreases 
with a larger variation in the sustainability cost (𝑒𝑠). 

The correlation between sustainability costs and expected 
profit remains consistently evident. Fig. 6, 7, and 8 illustrate 
the expected profit evolution concerning quantity in the case of 
a normal distribution. In the non-cooperative scenario, the 
store's expected profit experiences a notable decline with both 
high sustainability costs (𝑒𝑖) and quantity, as depicted in Fig. 
6. The higher the sustainability cost (𝑒𝑖), the more pronounced 
the decrease in expected profit. Between (𝑒𝑖 = 30) and (𝑒𝑖 =
33), the expected profit turns negative for quantities greater 
than 60. The store benefits from maintaining a sustainability 
cost (𝑒𝑖)  that is not excessively high to maximize expected 
profit in the non-cooperative configuration. 

 

Fig. 6. The impact of store sustainability cost (𝑒𝑖) on the variation of store’s 

expected profit by quantity of the non-cooperative configuration in a normal 

distribution case. 

 

Fig. 7. The impact of store sustainability cost (𝑒𝑖) on the variation of store’s 
expected profit by quantity of the cooperative configuration in a normal 

distribution case. 

On the other hand, the cooperative scenario, shown in Fig. 
7, exhibits different outcomes. The higher the sustainability 
cost (𝑒𝑖), the greater the expected profit. A decrease of the 
expected profit as quantity (𝑄𝑖) rises is noticeable, especially 
in the case of high sustainability cost (𝑒𝑖) . The higher the 
sustainability cost, the greater the expected profit. Between 
(𝑒𝑖 = 30) and (𝑒𝑖 = 60), there is a significant increase in the 
store's expected profit. The store benefits from increasing its 
sustainability cost (𝑒𝑖) to maximize its expected profit in the 
cooperative scenario. 

 

Fig. 8. The impact of supplier sustainability cost (𝑒𝑠) on the variation of 

supplier’s expected profit by quantity in a normal distribution case. 

On the contrary, in Fig. 8, the supplier's expected profit 
rises with an increase in quantity (𝑄𝑖). Nevertheless, a higher 
sustainability cost for the supplier (𝑒𝑠) leads to a decrease in 
the supplier's expected profit. This explains the supplier's 
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interest in selling more products while managing its 
sustainability cost (𝑒𝑠). 

D. Profit Optimization and Resilience 

In this subsection, the aim is to scrutinize the profitability 
for both the supplier and the store across various demand 
scenarios, the uniform and normal distribution case. 
Furthermore, Additionally, the supplier’s resilience based on 
foreign products and security stock is investigated. 

 

Fig. 9. The influence of security stock (𝜓𝑖) ratio on supplier’s expected 

profit in a uniform and normal distribution cases. 

Fig. 9 illustrates the impact of the security stock ratio (𝜓𝑖) 
allocated to the store by the supplier. The influence indicates a 
significant increase in the supplier's expected profit with an 
elevation in the security stock (𝜓𝑖), considering that the costs 
of the security stock are carried by the store. The distinction 
between normal and uniform distributions is clearly apparent. 
The uniform distribution results in higher supplier expected 
profit with an increased security stock ratio (𝜓𝑖). However, the 
trend of the curves remains consistent for both distributions. It 
is more beneficial for the supplier to have demand following a 
normal distribution in order to maximize expected profit. 

 

Fig. 10. The impact of security stock ratio (𝜓𝑖)on the variation of supplier’s 

expected profit by quantity in a normal distribution case. 

 

Fig. 11. The influence of the ratio of holding products on supplier’s expected 

profit variation by security stock in a uniform distribution case. 

Similarly, in the case of a uniform distribution, Fig. 10 and 
Fig. 11 illustrates the influence of the ratio of the supplier’s 
wholesale price dedicated to holding products (𝛿) on expected 
profit. A higher ratio (𝛿) of holding products correlates with a 

greater supplier's expected profit. As the costs related to 
security stock and holding are carried by the store, the supplier 
has an interest in proposing to the store high ratios of security 
stock (𝜓𝑖) and holding costs (𝛿). 

 

Fig. 12. The influence of foreign product ratio (𝜃) on supplier’s expected 

profit in a uniform and normal distribution cases. 

As illustrated in Fig. 12 and Fig. 13, an increase in (𝜃) 
results in a decline in the supplier's expected profit due to the 
imposition of custom fees (𝜏) by the government. 

In the case of the uniform distribution, expected profit is 
higher than in the normal distribution with the variation of (𝜏), 
as depicted in Fig. 12. Both distributions exhibit the same 
trend. For the supplier to be more resilient, it is advantageous 
for them to have demand following a uniform distribution. This 
is because in the case of a normal distribution, the expected 
profit is negative, leaving the supplier with no option to import 
more products from abroad. 

 

Fig. 13. The impact of foreign product ratio on the variation of supplier’s 

expected profit by custom fees (𝜏) in a normal distribution case. 

Fig. 13 illustrates that expected profit sharply decreases 
with higher customs fees (𝜏)  and a higher ratio of foreign 
products (𝜃) . As the integration of foreign products (𝜃) 
increases, the supplier experiences a proportional decline in 
expected profit. Initially, the integration rate (𝜃) is perceptible 
when the custom fees (𝜏) are low. It is more beneficial for the 
supplier to have a low foreign product integration rate (𝜃) 
when custom fees (𝜏) are high. However, it is crucial for the 
supplier to maintain the option of importing foreign products 
(𝜃)  to enhance upstream resilience through diversified 
sourcing channels. As a regulatory body, the government can 
act by increasing customs fees (𝜏)  at reasonable rates to 
maintain a local equilibrium. 

V. RESULTS AND DISCUSSION 

The imperative recognition of sustainability and resilience 
as crucial pillars underscores their role in ensuring the long-
term adaptability and viability of economic strategies. The 
literature emphasizes the economic significance of these 

0.3 0.4 0.5 0.6
ψ security stock

8000

10 000

12 000

14 000

Supplier's profit

δ = 0.1

δ = 0.2

δ = 0.3

δ = 0.4



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 15, No. 5, 2024 

338 | P a g e  

www.ijacsa.thesai.org 

concepts, highlighting the necessity for a comprehensive 
examination of how quantity-based strategies and effective 
uncertainty management can collectively strengthen the 
robustness and adaptability of supply chains, ultimately 
contributing to enhanced profitability. 

Results shows that in scenarios where demand (𝐷𝑖)  is 
uniformly distributed, the store and the supplier tend to have 
higher optimal quantities compared to when demand follows a 
normal distribution. Furthermore, expected profits for both the 
supplier and the store are generally higher in both non-
cooperative and cooperative setups when demand (𝐷𝑖) follows 
a uniform distribution. Having a regular demand pattern is 
advantageous for maximizing expected profit, especially when 
demand (𝐷𝑖) follows a uniform distribution. However, with a 
normal distribution, demand variability may disrupt this 
advantage. For instance, common or generic products often 
exhibit uniform demand patterns, whereas products from large-
scale distribution may demonstrate normal demand distribution 
under certain circumstances. In distribution networks aimed at 
delivering products to markets characterized by stochastic 
demand following a uniform distribution, the main actors of 
the logistics network (stores and suppliers) enjoy significantly 
more favorable expected profits compared to demand 
following a normal distribution.   

The examination of store's expected profit in both 
cooperative and non-cooperative configuration, regardless of 
the demand nature, whether it follows a uniform or normal 
distribution, reveals that the cooperative scenario consistently 
yields higher expected profits. Consequently, the store is 
incentivized to engage in cooperation to maximize its profit. 
The conclusion is consistent with previous studies [48], [49]. 
The proposed cooperative configuration actively fosters store 
collaboration by sharing central warehouse-related costs and 
pooling resources, particularly the surplus quantities (𝑄𝑖 − 𝐷𝑖), 
which are returned and resold to the central warehouse, 
resulting in a reduction of depreciation (𝑙) and stockout (𝑧) 
costs. Given the constraints of resilience and sustainability, 
cooperation between stores remains the best approach to 
guarantee maximum expected profit. 

Sustainability significantly influences both the store's and 
the supplier's expected profits, particularly noteworthy is its 
impact when dealing with high quantities. These results are 
consistent with previous studies [10], [49], [50]. In the non-

cooperative scenario, the store's optimal quantity (𝑄𝑖
∗𝑁𝐶)  

decreases with a higher sustainability cost (𝑒𝑖), similarly for 
the supplier, with its sustainability cost (𝑒𝑠) , the optimal 

quantity (𝑄𝑖𝑠
̂ ∗

) decreases with a perceptible difference between 
the normal and uniform distributions. However, within the 
cooperative store scenario, this effect is mitigated, the store's 

optimal quantity (𝑄𝑖
∗𝐶𝑂) increases with a high sustainability 

cost (𝑒𝑖). In the absence of information on demand evolution, 
the intersection of the two curves of the normal and uniforms 
distributions, determine the optimal store sustainability cost 
(𝑒𝑖) . Furthermore, sustainability costs (𝑒𝑖), (𝑒𝑠)  tend to 
diminish supplier’s expected profit and store’s expected profit 
for the non-cooperative configuration, emphasizing the crucial 
significance of cooperation in enhancing store’s expected profit 
and alleviating the sustainability cost impact. This underscores 

the critical importance for both the supplier and the store to 
carefully consider and manage sustainability costs in the 
decision-making process. Consequently, sustainability efforts 
within the logistics network emerge as genuine strategies for 
network actors, enabling them to remain competitive and 
viable. This becomes clearer when stores decide to cooperate 
by reselling surplus quantities.  

Resilience is a central element in the proposed model, 
supported by the supplier through two actions. Firstly, by 
mitigating downstream supply chain risks through the 
allocation of security stock (𝜓𝑖) to each store. Secondly, by 
addressing upstream supply chain risks through the importation 
of foreign products (𝜃). The results demonstrate that, even as 
the quantity increases in the case of a low security stock ratio 
(𝜓𝑖), expected profit rises, with a more pronounced impact at 
higher (𝜓𝑖) ratios. Additionally, a higher ratio (𝛿) of holding 
products correlates with greater supplier expected profit. As the 
costs related to security stock and holding are borne by the 
store, the supplier has an interest in proposing high ratios of 
security stock (𝜓𝑖)  and holding costs (𝛿)  to the store. The 
strategy pursued by the supplier regarding resilience, which 
involves negotiating the level of security stock with the store, 
appears opportune as it has a significant impact on the 
supplier's expected profit, especially when the number of stores 
is substantial. These results align with the findings of a prior 
research [51]. 

Moreover, the analysis explores the influence of customs 
fees and the integration of foreign products (𝜃)  on the 
supplier's expected profit, indicating a decline with higher 
customs fees (𝜏) and an increased ratio of foreign products. 
The use of foreign products negatively affects this expected 
profit, especially in the absence of government regulation 
policies such as the application of customs fees (𝜏) . This 
finding align with previous studies [7], [9], [10]. The 
recommendation to maintain the option of importing foreign 
products (𝜃)underscores the importance of diversified sourcing 
channels for upstream resilience. The suggestion for 
government intervention in regulating customs fees (𝜏) aims to 
balance local equilibrium. 

VI. CONCLUSION 

In today's fiercely competitive global market and an 
increased uncertainty, supply chain resilience and sustainability 
have become top priorities, to adapt quickly to disruptions 
while meeting sustainability goals. To address these 
challenges, supply chain actors are implementing strategies to 
bolster the sustainability and resilience of their operations. This 
research investigates interconnected issues within supply 
chains, offering insights to develop resilient, sustainable 
solutions. It explores quantity-based strategies for optimizing 
expected profits while integrating sustainability and resilience 
principles, ensuring alignment with sustainability requirements 
while maintaining competitiveness. The study aims to identify 
scenarios that offer significant advantages for maximizing 
expected profits while adhering to sustainability standards. 

The study examines a monopolistic, sustainable, and 
resilient supply chain network operating in an uncertain 
environment with two tiers: suppliers and multiple stores. A 
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stochastic model is developed to deal with demand uncertainty 
and maximize supplier and store expected profits. Two 
configurations are proposed for the store. The non-cooperative 
configuration, individual where stores and the supplier 
independently optimize expected profits based on delivery 
quantities, and the cooperative configuration where stores 
collaborate to jointly maximize expected profits while reducing 
stockout risks through a central warehouse for surplus returns. 
Various strategies are implemented by supply chain actors, 
addressing resilience, utilizing dedicated security stocks, and 
diversifying product sources. Sustainability is integrated 
through eco-friendly practices initiated by the supplier and 
stores, with cooperation enhancing resilience via a central 
warehouse as a backup supplier. Return logistics are managed 
to minimize waste and product depreciation [14], [15], 
promoting responsible inventory management [14], [15]. 

The findings highlight insights regarding supply chain 
dynamics in the face of uncertainty and sustainability 
imperatives. Firstly, it is observed that in a distribution network 
designed to deliver products to markets marked by stochastic 
demand that follows a uniform distribution, the main players in 
the logistics network (stores and supplier) have higher 
expected profit compared with demand that follows the normal 
distribution. Given the constraints of resilience and 
sustainability, cooperation between stores emerges as a 
strategy for maximizing expected profit, in particular by 
mitigating sustainability costs. Moreover, sustainability efforts 
applied in the logistics network constitute genuine strategies 
for the actors in the logistics network, enabling them to remain 
competitive and viable. This becomes clearer when stores 
decide to cooperate by reselling surplus quantities. In terms of 
resilience, the supplier's strategy of negotiating a security stock 
level with the store seems to be an opportune one, since it has a 
considerable impact on the supplier's expected profit, 
particularly when the number of stores is large. On the other 
hand, the use of foreign products has a negative impact on this 
expected profit, especially in the absence of a regulatory policy 
on the part of the government, which consists of enforcing a 
minimum stock level. 

The proposed model provides managerial advantages by 
facilitating cooperation among stores through the resale of 
surplus quantities to the central warehouse, thereby reducing 
costs associated with stockouts and product depreciation while 
maximizing expected profits. Moreover, determining the ratio 
of imported foreign products is a crucial decision for suppliers, 
with errors in decision-making potentially diminishing 
expected profits. Our model assists managers in making 
informed choices regarding the determination of foreign 
product ratio to import. Additionally, the cooperative model 
encourages stores to collaborate and pool their resources. 

It is essential to understand the limitations of our research, 
enabling researchers to accurately interpret our findings and 
identify potential avenues for further investigation. The first 
limitation of the model concerns the consideration of a single 
supplier. Indeed, the discussed model only accounts for one 
supplier responsible for supplying all the stores. Consequently, 
this present a significant risk to the resilience of the entire 
supply chain. Therefore, it would be advisable to propose, in 
future work, two-echelon supply chain models that involve 

multiple suppliers to better reflect logistical reality. 
Furthermore, the work conducted does not take into account 
the competitive aspect at the store level. Indeed, to simplify the 
study, we have assumed a monopolistic market (each store has 
a monopoly in its trade area). Therefore, it would be interesting 
to revisit the model by assuming a single oligopolistic market. 

As a perspective of this work, cooperation between the 
supplier and the stores could be an opportunity to further 
improve the profits of these actors by selling surplus quantities 
from the supplier to the central warehouse. This is an avenue 
that could further explore the value of cooperation in 
promoting sustainability and resilience. 
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