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Abstract

:

In this paper, we study inventory share policies in an omni-channel supply network, to contribute to the circular economy (CE) concept. Lateral inventory share implementation provides flexibility and profitability in the supply chain by allowing inventory share between the same echelon locations in a network. Total holding costs and transportation costs can be reduced by lateral inventory share applications, which also contribute to decreased material usage for production over time, as well as reduced CO2 emission released by transportation. Technological and Internet of Things (IoT) developments make it possible for companies to share their real-time information with each other for uninterrupted marketing experiences. With such a connected network, companies aim to increase their profitability and responsiveness to their customers. We explore a well-designed inventory share policy towards the CE concept under an (s, S) inventory control policy. We simulate several pre-defined share designs by Arena 16.0 commercial software and compare their performances in terms of cost, responsiveness, transportation frequency, inventory held, etc. The results show that, by the implementation of a well-designed lateral inventory share policy, an omni-channel network can benefit from decreased holding cost and transportation cost, contributing to the CE concept.






Keywords:


omni-channel; circular economy; CO2 emission; inventory share; IoT; e-commerce; (s; S) inventory; inventory control; customer sustainability












1. Introduction


By the new channels that have emerged with the widespread use of the internet and mobile devices, the integration of these new channels has led to changes in retail strategies and customer expectations [1]. The recent rapid technological developments have also contributed to those new marketing strategy changes from single-channel to multi-channel, cross-channel, and omni-channel commerce [2,3].



E-commerce is one of the most important channels in marketing, providing uninterrupted and fast service experiences. For instance, by the recent Covid-19 lockdowns, e-commerce shopping experiences have increased drastically. In many countries, consumers tend to buy online alternative to physical shopping [4]. Changing customer expectations and increasing consumer needs have forced retailers to re-design their marketing channels [5]. For that, physical and online channels are managed together by becoming complementary concepts. Retailers tend to implement an integrated management strategy in which multiple channels are connected [1] by sharing real-time information in order to reach many customers and meet their expectations. That radical change in retailing is referred to as omni-channel marketing in literature.



Omni-channel strategy is the synergistic management of multiple channels and customer contact points in an integrated manner in order to meet customer expectations in the best way [1]. With the recent digitalization concept, supply networks tend to be more connected, more transparent, and more adaptive to real-time changes. The aim of the omni-channel retailing strategy is developed by the recent digitalization target of companies, to provide customers with a more consistent and more reliable service without interruption in the transition between channels by coordinating all channels and processes together [1].



However, it is highly possible to experience demand uncertainty in omni-channel, due to operational differences between online and offline repositories. Those large connections and fluctuations reveal the importance of the determination of correct inventory and logistics management policies in the network. Retailers search for new inventory control implementations and practices that could meet customer demand faster while reducing total cost. In order for the supply chain to be successful, it can be provided to market changes and with products that better meet customer expectations [6]. By a well-designed inventory share policy among stocking locations, a supply chain system may become more flexible, responsive, and profitable [7]. Lateral inventory share may ensure rapid response to customer demand and increase customer service level by transferring the other member’s excess inventory to the starving ones that cannot meet the customer demand in the network [8,9]. This implementation may also lead to reduced inventory holding amount in the network.



Recent increasing environmental problems also increase the danger of depletion of natural resources. Policymakers and companies increasingly include sustainability concerns on their agendas and companies’ strategies [10]. Recent concerns on environmental issues have led researchers to develop novel approaches for the management of systems, resulting in decreased negative environmental effects. For instance, by a well-designed omni-channel network design, it is possible to manage cost efficiency in the supply network by decreased transportation from suppliers and inventory held in the network. Reduced transportation will also contribute to reduced carbon emission. Besides, reduced inventory holding will also contribute to reduced risk for unnecessary material used during production.



The resource scarcity problem that may arise requires companies to be more conscious about environmental awareness and to take precautions in this regard. It is well known that the circular economy (CE) seeks to maximize the value of materials circulating within the economy as well as minimize material consumption [11,12]. CE is a concept that encompasses activities that minimize, reuse, and recycle materials used in production, distribution, and consumption processes [13]. Figure 1 shows the main concept of CE. It also looks for ways to prevent waste from building up and reduce hazardous components in waste and products. From Figure 1, it is understood that production and transportation phases also play a significant role in this concept. In this study, from a CE perspective, we mostly contribute this concept by decreased inventory carried in the network, resulting in decreased material usage in production and in decreased transportation from the upper echelon supplier, resulting in decreased carbon emission in distribution.



In the transition to CE, digital technologies take an important place by optimizing material flows and enabling reverse material flows [14]. With Industry 4.0 technological and IoT-based developments, real-time communication and synchronization of members of supply chains have become easy and possible. Therefore, efficient management of inventory share applications among locations can contribute not only to the decreased holding inventory performance metric, but also to the decreased transportation frequency from the main depot, contributing to the circular economy concept significantly.



This work aims to study the effects of lateral inventory share policies on a digitized omni-channel supply chain network, where each stage in the network shares real-time inventory and demand information between each other. Our goal is to find out well-designed inventory share policies minimizing total network cost and ensuring customer satisfaction by product availability. We also aim to ensure environmental sustainability by reduced transportation from the main depot and inventory requirement in the network. We pre-define six inventory share policies and simulate them by using the Arena 16.0 commercial software. We implement an (s, S) inventory control policy, where s is the re-order point, and S is the order-up-to level of the inventory level. We aim to find out the optimal costs under (s, S) decision variables by using the OptQuest tool in that software.



This study is organized as follows. In Section 2, a literature review on related studies is presented. In Section 3, a description of the studied problem, methodology, and developed policies are explained. The results and analyses are presented in Chapter 4 and Chapter 5. Chapter 6 provides a conclusion part.




2. Literature Review


Digitalization as a result of technological developments affects consumer behavior and hence retailer’s marketing strategies [15]. With the increase of digital channels, integration of those channels has emerged, and the ability to serve customers from more than one channel has become a very important issue for retailers. Through that, companies can expand their markets by reaching many new customers. Through an integrated channel concept, retailers can offer their customers a shopping experience through a physical store, online channels, mobile applications, and many other channels. By that experience, boundaries are eliminated by providing integration between physical and online channels. All those affect consumer expectations and reveal the expectations of being able to shop without interruptions between all channels.



A multi-channel strategy can be defined as companies selling products by allowing customers to shop through different channels [3,16]. Rangaswamy et al. [17] state that multi-channel customer sustainability can be achieved by providing products, information, service, and support to customers by an integrated channel rather than a single channel. Still, multi-channel applications are not enough to meet today’s consumers’ expectations through seamless shopping demand across channels. That has created the concept of omni-channel marketing strategy. Lazaris and Vrechopoulos [18] complete a comprehensive literature review by also emphasizing that the omni-channel is developed from the multi-channel concept. In their study, they define the omni-channel strategy as a marketing distribution strategy in which channels are used together and without interruption. Beck and Rygl [5] classify the terms multi-channel, cross-channel, and omni-channel according to the degree of customer interaction and company integration. Yadav et al. [19] develop a mathematical model for the optimal design of an omni-environment. The result shows that omni-channel integration performs better than the classical supply chain network.



Although the omni-channel strategy has an advantage in terms of customer satisfaction and sustainability, inventory and logistics management may become difficult in this network due to increased demand variability and uncertainty under the integration. Lateral inventory share implementations may prevent disadvantages, caused by that omni-channel environment. It is an effective source sharing among the same echelons in the network to prevent stock shortages [9].



Lee et al. [20] propose a lateral transshipment policy called SLA, in which the service level is taken into account in order to decide the amount of lateral transshipment. Ekren and Arslan [21] apply inventory share policies by transshipping the products between stocking locations. They consider (s, S) inventory control policy with three depots. They compare the results of the lateral transshipment policies with the non-lateral share case and find that lateral transshipment performs well. Herer et al. [22] prove that the most effective replenishment policy to reduce the long-term expected cost in a system with a supplier and multiple dealers is the order up to policy. Ekren et al. [23,24] examine the inventory control problem by developing the (s, S) inventory model in which they use simulation optimization procedures. Glazebrook et al. [25] propose a hybrid policy for a system and they developed a quasi-myopic heuristic method to determine how the proposed hybrid transmissions will occur. Through the widespread use of e-commerce, the online channels that can share real-time information, and the problems that arise in those systems, lateral inventory share applications might be suitable to handle those problems. Zhao et al. [26] use lateral transshipment to decrease the inventory risk created by demand uncertainty caused by a new trading model, online-offline (OTO). They determine that lateral transshipment provides positive results in the OTO commercial model. İzmirli et al. [27] develop lateral inventory share policies for a sustainable omni-channel system under an IoT environment. The findings of their studies show that by lateral inventory share implementations, customer satisfaction increases, while total network cost and environmental negative impacts decrease.



In order for organizations to remain competitive, economic, environmental, and social priorities must be balanced in global operations. The circularity of business models and supply chains is an important element for sustainable production, which is necessary to improve the economic and environmental performance of countries [10]. Businesses transform their supply chains into a more environmentally friendly structure in order to reduce their waste and environmental risks [10,28]. Today, businesses benefit from the CE strategy, in which the products they produce can be associated with ecology and economic growth [11,28]. Govindan and Hasanagic [29] conduct a systematic review determining drivers, barriers, and practices related to the implementation of the CE in supply chains. They present a multi-perspective framework. Genovese et al. [30] analyze case studies from two different industries and compare traditional and circular production systems. They determine that using a CE in an integrated manner with a sustainable supply chain has positive effects on the environment. Soysal et al. [31] address the multi-echelon beef logistics network problem. For this problem, they develop a multi-objective linear programming model by reducing logistics costs and CO2 emissions. Abad-Segura et al. [32] examine CE policies in 2004–2019 and analyze research trends towards environmental and sustainable growth. Milios [33] studies a mixed-method approach that uses various sources to analyze the characteristics of different taxation measures (a raw material resource tax, reuse/repair tax relief, and a waste hierarchy tax at the end of life of products).



The widespread use of digital technologies such as Industry 4.0 and its main components, Big Data and IoT, can also contribute to the transition to the CE concept. Windapo and Moghayedi [34] examine the use of intelligent technologies in buildings to measure their impacts on CE. Industry 4.0 developments facilitate the applicability of lateral inventory share in supply chains, which contributes to environmental sustainability. Nakandala et al. [35] propose a lateral inventory transshipment model for perishable products to integrate and improve the deterioration as well as other related costs. Results show that lateral transshipment is a well-performing strategy to minimize the total cost of decision rules in cost scenarios. Ekren et al. [36,37] model a single-echelon network design with three online markets aiming to minimize food waste in the network of the supply chain. They use a simulation technique to compare the performances of the food supply chain where the lateral inventory share strategy is applied. Jose et al. [38] conclude that artificial intelligence and related technologies can increase energy efficiency through CE vision.



Different from the existing literature, in this paper, we study lateral inventory share policies in an omni-channel supply network. By that, we also examine the contribution of lateral inventory share implementations on the CE concept. By lateral inventory share implementations, we aim to reduce inventory held in the network as well as transportation from upper echelon suppliers. As a result, we aim to contribute to the CE concept mainly from production and distribution phases as shown in Figure 2. For instance, by lateral inventory share, the inventory amount carried in the network can be reduced. Hence, production and material usage due to excess production because of demand variability can be prevented. Moreover, decreased network cost and material usage, as well as decreased CO2 emissions, can be realized. There are both online and offline stores connected to each other under an IoT environment. We aim to optimize the total cost of the network under pre-defined lateral inventory share policies and compare the results to select the best one. We consider an (s, S) inventory control policy where “s” and “S” represent the re-order point and order-up-to-levels for replenishments.




3. Materials and Methods


3.1. Problem Definition


In this study, we study an omni-channel supply network where online/offline stores are connected under an IoT environment so that they can share their inventory information with each other. Through today’s technological developments, it is possible to have end-to-end supply chain connectivity throughout a supply network. Through that, the stores aim to increase network efficiency as well as responsiveness. As mentioned, that would also contribute to the CE concept by reduced holding inventory throughout the network as well as reduced transportation from the upper echelon.



In the network, we assume that there are three companies, each of which has its own online and offline stores. Inventory share policies are pre-determined for online and offline stores, separately. Each store makes product replenishments from an upper-echelon (i.e., main depot). Figure 3 shows the considered network’s figure. The dash arrows represent information transfer, and the straight lines represent the product flows among stages.



In Figure 3’s network, although solid lines from online/offline stores to demand points may change based on the pre-defined lateral inventory share policy considered, we show all possible product flows here, at the highest connection level. After simulating each pre-defined lateral inventory share policy, we optimize (i.e., minimize) the total inventory cost in the system, under a continuous (s, S) inventory control policy. Here, s and S represent the re-order point and order-up-to level for the replenishment policy. The re-order point is the inventory level when the store orders from the main depot for replenishment. Order-up-to level is the inventory level to define how many to order from the upper echelon. To test how results change under lost sale cost, we complete the optimization procedure for three different lost sale cost scenarios: $5, $10, and $20 per product. The optimization is completed by the OptQuest optimization tool provided in the Arena 16.0 simulation software developed by Rockwell Automation.



In the simulation models, the considered assumptions are summarized in Section 3.2.




3.2. Simulation Model Assumptions


The omni-channel network assumptions are as follows:




	
At the same echelon level, six stores, three of which belong to e-stores and three belonging to offline stores, are considered.



	
There is a single type of product in the network.



	
Demand amount distribution for each depot has a separate mean: Online 1 Normal (70, 20), Online 2 Normal (50, 20), Online 3 Normal (90, 20), Offline 1 Normal (35, 20), Offline 2 Normal (25, 20), and Offline 3 Normal (45, 20).



	
The main depot supplies products with unlimited capacity.



	
While calculating the amount of replenishment for depot i at time t, Qit, products on road are counted as on hand.



	
The capacity of a truck sent from the main warehouse is 100 products. There is infinite numbers of trucks in the system.



	
(s, S) levels are optimized separately for each store.



	
Inter-arrival time for demands follows an exponential distribution with a mean of 24 h.



	
Lead time from the main depot to any store is considered to have a uniform distribution with parameters (1, 2) days.



	
The optimization procedure is aimed to have at least a 95% fill rate constraint. Here fill rate is the ratio of meeting demand from on hand.



	
Simulation models are run for 365 days with ten independent replications.



	
The warm-period is determined by the eye-ball technique as two months.



	
Offline stores are assumed to have a maximum of 200 products capacity to carry.



	
Total network cost is computed by considering ordering, transportation, holding, inventory share, and lost sale costs.



	
CRN (Common Random Numbers) variance reduction technique is used to ensure that the random values in the simulation models are consistent across all models.








The simulation models are verified and validated by debugging and animating the models. The utilized notations are summarized in Section 3.3.




3.3. Notations Considered in the Simulation Models


The notations that are utilized in the simulation models are as follows:




	si: 

	
Re-order inventory level at store i, i = {1, 2, 3, 4, 5, 6}.




	Si: 

	
Up-to-level at store i, i = {1, 2, 3, 4, 5, 6}.




	k: 

	
Total number of stores in the network.




	dit: 

	
Incoming amount of demand at online/offline store i at time t, i = {1, 2, 3, 4, 5, 6}.




	CT: 

	
Truck capacity from the main depot (i.e., 100 products per truck).




	Iit: 

	
Current inventory level at store i, at time t.




	ISji: 

	
Inventory share cost per product from store j to i, j ≠ i, i = {1, 2, 3, 4, 5, 6}, j = {1, 2, 3, 4, 5, 6}.




	Ljit: 

	
The amount of products shared from store j to store i at time t.




	TC: 

	
Fixed truck cost for a single truck (i.e., $100 per truck).




	LSit: 

	
Lost sale amount at store i at time t, i = {1, 2, 3, 4, 5, 6}.




	Qit: 

	
Replenishment amount sent from main depot to store i, at time t, i = {1, 2, 3, 4, 5, 6}.




	TQc: 

	
Total ordering cost at the end of the simulation run.




	TTc: 

	
Total transportation cost at the end of the simulation run.




	TQ: 

	
Total replenishment amount from the main depot at the end of the simulation run.




	TLSC: 

	
Total lost sale cost at the end of the simulation run.




	TISC: 

	
Total inventory share cost at the end of the simulation run.




	THC: 

	
Total holding cost at the end of the simulation run.




	TDi: 

	
The total amount of demand arrived at store i, at the end of the simulation run.




	QRit: 

	
The amount of products on road from the main depot to store i, at time t, i = {1, 2, 3, 4, 5, 6}




	nit: 

	
Number of trucks sent from the main depot to store i, at time t (i.e., an integer).




	Co: 

	
Ordering cost per product from the main depot.




	LSc: 

	
Lost sale cost per product.




	It: 

	
The total amount of inventory in the network at time t.




	IAVG: 

	
Annual average inventory carried on hand.




	FLi: 

	
Fill rate for store i, i = {1, 2, 3, 4, 5, 6}.




	T: 

	
Simulation run time (i.e., 365 days).









The set values for the considered parameters are: ISji = $1 if the product is shared between online and offline depots for the same companies and at $1.5 for the different companies. Co = $1.5. Qit and TQ are calculated by (1) and (2), respectively.


   Q  i t   =        S i  −  I  i t   ,        S i  −  I  i t   − Q  R  i t   ,       0 ,               if    I  i t   ≤  s i    and   Q  R  i t   = 0         if    I  i t   ≤  s i    and   Q  R  i t   > 0       otherwise      



(1)






  T Q =   ∑   t = 1  T    ∑   i = 1  k   Q  i t    



(2)




It is calculated by (3) where k = 6:


   I t  =   ∑   i = 1  k   I  i t    



(3)




IAVG is calculated by (4) where T = 365 days.


   I  A V G   =   ∫  0 T   I t  d t  



(4)




THC is calculated by (5), where unit holding cost is assumed to be 20 percent of ordering cost plus transportation cost per product.


  T H C   =    I  A V G   × 20 % ×   T  Q C  + T  T C    T Q    



(5)




TLSC is calculated by (6):


  T L  S C  = (   ∑   i = 1  k    ∑   t = 1  T  L  S  i t   ) × L  S C   



(6)




TQC is calculated by (7):


  T  Q C  =   (   ∑   i = 1  k    ∑   t = 1  T   Q  i t   ) ×  C O   



(7)




nit is calculated by (8):


   n  i t   =      Q  i t      C T    ,   n i t   ∈    integer   



(8)




TTC is calculated by (9):


  T  T C  =   (   ∑   i = 1  k    ∑   t = 1  T   n  i t   ) ×  T C   



(9)




TISC is computed by (10):


  T I  S C  =   ∑   t = 0  T    ∑   j ≠ i  k    ∑   i = 1  k   L  j i t   × I  S  j i    



(10)




As a result, total network cost is cost calculated by (11):


  T C =   T L  S C    +   T  Q C    +   T  T C    +   T I  S C    +   T  H C   



(11)




FLi is computed by (12):


  F  L i  = 1 −     ∑   t = 1  T  L  S  i t     T  D i     



(12)







We explain how inventory share implementations take place in the pre-defined policies in the following section, Section 3.4.




3.4. Inventory Share Policies


We apply the inventory share procedure when arriving order cannot be fully met by the store. Figure 4 shows the lateral inventory share implementation flow chart regardless of the considered policy. According to that, the first existing inventory is sent to the demand point. However, if there is remaining demand that could not be met by the store, then lateral inventory share may take place based on the pre-defined policy. Note that except for the inventory share policy implementations, in an effort to measure how lateral inventory share applications affect the system performance, we also apply a non-inventory share policy. Figure 5 shows the flow chart of the system with no inventory share application.



In Figure 6, we show the flow chart of the (s, S) inventory control policy. According to that, inventory levels are tracked in real-time, and if the current inventory level is less than or equal to the desired re-order point, then the Qit amount is calculated by (1). That amount of order is placed from the main depot.



In Section 3.4.1, we introduce the developed inventory share policies.



3.4.1. Inventory Share Policy 1


This policy is developed for online stores. In this policy, if the demand for an online store i cannot be fully met from its store, the remaining demand is tended to be met from its offline store. If there is not enough amount of products in the offline store, then the existing ones are sent from that offline store and the remaining amount is met from other online stores in the order of having the largest amount of inventory.



After all the lateral inventory shares are completed, if still there is a demand that could not be met, then that amount is considered to be a lost sale. Figure 7 shows the connectedness condition of online and offline stores under this policy.




3.4.2. Inventory Share Policy 2


This policy is also developed for online stores and it works as in Policy 1. However, different from Policy 1 here, we do not allow the online stores’ inventory levels to drop below their re-order levels.




3.4.3. Inventory Share Policy 3


This policy is also developed for online stores, and it works in Policy 1. However, when inventory share starts to take place in online stores, the remaining demand tends to be met proportionally from the online stores. Namely, depending on the existing inventory levels, online stores share their inventories. To provide more details about this policy, we present its pseudo-codes in Figure 8.




3.4.4. Inventory Share Policy 4


This policy is determined to meet the demand for offline stores. The incoming demand to the offline store i is tried to be met by that offline store. If demand cannot be fully met, due to the offline customer attribute, we assume that the customer accepts to meet its demand from other stores with 75% probability. First, the same company’s online store is checked, and the online store sends the required amount from its existing inventory. If all the remaining amount cannot be fully met, then the updated remaining amount becomes a lost sale. Figure 9 shows the connectedness level of online and offline stores under this policy.




3.4.5. Inventory Share Policy 5


This policy is also developed for offline stores. This policy works as in Policy 4. However, the unmet amount of demand is tended to be met starting from the online stores with the highest inventory levels. Figure 10 shows the connectedness conditions of online and offline stores of this policy.




3.4.6. Non-Inventory Share Policy 6


In this policy, no lateral inventory share is applied. The demand can only be met by its own store of arriving demand. Inventory share from other stores is not allowed. The unfulfilled demand becomes a lost sale.





3.5. OptQuest Optimization


We optimize the (s, S) values of stores under each inventory share policy. We have a combination of six inventory share policies plus one non-inventory share policy. There are six (s, S) decision variable combinations. Consequently, we complete optimization for seven simulated policies.



OptQuest is used to optimize the (s, S) values for all online and offline stores. OptQuest is a tool that improves the analysis capability of the Arena software by allowing the search for optimal results of the simulation models. In the OptQuest tool, it is necessary to enter the control values, run the software, and then enter the new control values again to find the optimal results. Thanks to this tool, the the search required to find the optimal results takes place automatically. The OptQuest tool combines three different metaheuristics approaches: Tabu search, neural networks, and scatter search [39]. This tool system performs the search for optimal results depending on the entered control variables, constraints, and objective function. The low value, suggested value, and upper value are entered into the tool by the user, and the search begins at the suggested value. According to the constraint specified in the objective function, the minimum or maximum result is searched.





4. Results


In the studied omni-channel system, there are online and offline stores for three companies at the same echelon. There is a main warehouse in the upper echelon, providing products for the stores. In this study, a total of seven models are modelled in Arena 16.0 commercial software. Decision variables, the (s, S) values, are optimized by the OptQuest tool. For sensitivity analysis, seven models are run at three different lost sales per product cost scenarios ($5, $10, $20). Figure 11 shows a snapshot from the OptQuest run. The objective function and the constraints entered in OptQuest tool are shown by (13)–(16).


Minimize TC



(13)






  s . t . F  L i    ≥   0.95 ,   ∀ i  



(14)






   S i  ≤ 200 ,   i =   4 ,   5 ,   6    



(15)






   s i  <  S i  ,   ∀ i  



(16)







Table 1, Table 2 and Table 3 provide the optimized (s, S) results by OptQuest. Results are presented based on the considered lost sale cost per product (LSC) scenarios. Table 1 shows the results when LSC = $5.



The optimal network total costs, related outputs, and their half-width values at 95% levels are illustrated in Table 4, Table 5 and Table 6 based on the LSC values. These tables show optimal results with their half widths at 95% confidence intervals for all lost sale per unit cost.



Table 7, Table 8 and Table 9 provide the other significant output variables from the systems at optimal total cost results.



The interpretation of the results is summarized in Section 5.




5. Discussion


Results from the OptQuest runs are also summarized in Figure 10, Figure 11 and Figure 12. According to the results, any lateral inventory share policy produces better total network costs than non-lateral inventory share policy. This also echoes the findings of previous works of [21,27,36,37]. This is also true under different lost sale per product cost (LSC) scenario. However, when LSC increases, the gap between non-lateral share application cost result and the worst result from a lateral inventory share policy gets larger. This means that when lost sale unit cost increases, implementation of lateral inventory share policy works better than under the low lost sale unit cost case.



With the lateral inventory share implementations, it is observed that the amount of holding cost tends to decrease. This is probably because that inventory share of stores helps to carry low inventory in the network. This would also contribute to the circular economy concept by the decrease of material consumption as well as CO2 emission released during production.



Note that, by lateral inventory share implementation, total transportation costs, as well as the number of trucks sent from the main depot, also tend to decrease. Those would also contribute to CO2 emission reduction in the network. Other comments on key findings are summarized below:




	
With the increase of LSC, the reorder levels increase. This means that the network tends to carry more inventory.



	
Lateral inventory share implementations mostly produce lower re-order levels for stores compared to non-lateral share policy.



	
In general, it is observed that total holding cost increases as the LSC increases. This is probably because the system tries to reduce the possibility of lost sale condition by holding excess amounts of products in inventory.



	
Policy 1&5 combination produces the best result among all policies. That combination focuses on the lateral share of stores having a high amount of inventories.



	
With the increase of LSC, FL values tend to increase. This is probably because having lost sale in the system becomes much more expensive than carrying inventory in the network. So, by carrying more inventory, the FL tends to increase under high LSC levels.








From Figure 12, the optimal total cost results based on scenarios and LSC values are presented by graphs. According to that figure, the least TC is obtained by Policy 1&5 under any LSC scenario. Besides, when LSC increases, TC also increases. The TC gap between the same policy increases when LSC increases.



In Figure 13, total transportation costs based on policies are presented. According to that figure, it is observed that total transportation cost tends to decrease by any lateral inventory share implementation. This is because Policy 6, representing the non-lateral inventory share implementation, has the highest transportation cost result in all LSC scenarios.



From Figure 14, it is observed that the least total holding cost is obtained by Policy 1&5. Moreover, when LSC increases, the total holding cost also increases. As mentioned, this is probably because that, to be able to provide at least 95% FL, the network tends to carry more inventory. Minimized holding cost also contributes to the circular economy and sustainability concepts by the decreased usage of materials due to the excess amount of production. Besides, by the decreased holding cost, we also contribute to the environment positively, by the possible release of CO2 during production and transportation through the supply chain.




6. Conclusions


In this work, we study an omni-channel supply network where stages are connected to each other under an IoT environment and they can share real-time information on their inventory levels and demand amounts. By today’s technological developments, it is possible to have end-to-end supply chain connections through a network. By assuming that, we apply lateral inventory share policies in that omni-channel network so that the network becomes more cost-efficient and responsive. Specifically, we aim to find a well-designed lateral inventory share policy contributing to decreased total network cost by the decreased inventory carried in the network. Thus, we also aim to contribute to sustainability and circular economy concepts by decreased production and CO2 emissions.



We consider an (s, S) inventory control policy in the network and optimize the s, S levels under total cost minimization. We also repeat the optimization procedure for different lost sale unit cost cases: $5, $10, $20. All scenarios are simulated in Arena commercial software and optimized by the OptQuest tool. The results at the optimal points show that the lateral inventory share performs well in all policies and lost sale per-unit costs. Considering the results, holding cost tends to decrease by lateral inventory share implementations. By that, we also contribute to sustainability and circular economy concepts.



As future works, exploration of more lateral inventory share policies can be completed, also including more stores and connectedness in the network. Besides, more sensitivity analysis under different parameter values would be worth searching. In addition, smart delivery operations, by considering that trucks, transportation amounts, product types, etc., can be tracked in real-time and they can merge the orders according to their routes or less than half truck conditions to decrease transportation costs can be explored. In addition, transportation from stores to customers can also be considered in the models. Through that, a decreased transporter travels on-road as well as decreased CO2 emission could be realized, which are also the main targets in the circular economy.
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Figure 1. Circular economy (CE) concept. 
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Figure 2. Contribution of lateral inventory share applications towards CE concept (Source: Authors). 
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Figure 3. The studied omni-channel system (Source: Authors). 
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Figure 4. Simulation model flow-chart with lateral inventory share. 
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Figure 5. Simulation model flow-chart with no lateral inventory share. 
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Figure 6. Replenishment policy. 
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Figure 7. Connectedness level between stores under Policy 1 (Source: Authors). 
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Figure 8. Pseudo-codes of Policy 3. 
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Figure 9. Connectedness level between stores for Policy 4 (Source: Authors). 
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Figure 10. The connection between depots for online policy 5 (Source: Authors). 
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Figure 11. OptQuest screenshots: (a) Visualized (s, S) values for results; (b) part where the specified constraints are defined; (c) control part of the decision variables (Source: Authors). 
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Figure 12. Optimal total costs versus policies based on LSC values. 
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Figure 13. Total transportation cost under optimal total cost. 
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Figure 14. Total holding cost under optimal cost. 
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Table 1. Optimal (s, S) values when lost sale cost (LSC) = $5.
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	Online

Depot 1
	Online

Depot 2
	Online

Depot 3
	Offline

Depot 1
	Offline

Depot 2
	Offline

Depot 3





	Policy
	(s1, S1)
	(s2, S2)
	(s3, S3)
	(s4, S4)
	(s5, S5)
	(s6, S6)



	1 & 4
	(134, 370)
	(69, 214)
	(142, 390)
	(105, 168)
	(90, 176)
	(106, 180)



	2 & 4
	(116, 353)
	(87, 295)
	(115, 401)
	(108, 176)
	(98, 160)
	(108, 178)



	3 & 4
	(121, 334)
	(65, 283)
	(200, 464)
	(115, 174)
	(69, 144)
	(138, 191)



	1 & 5
	(70, 299)
	(102, 248)
	(170, 334)
	(92, 166)
	(77, 131)
	(68, 198)



	2 & 5
	(120, 307)
	(106, 341)
	(108, 376)
	(101, 169)
	(86, 163)
	(105, 157)



	3 & 5
	(110, 365)
	(86, 257)
	(155, 468)
	(101, 185)
	(84, 156)
	(103, 178)



	6
	(253, 355)
	(200, 292)
	(299, 430)
	(130, 174)
	(127, 181)
	(147, 188)
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Table 2. Optimal (s, S) values when LSC = $10.
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	Online

Depot 1
	Online

Depot 2
	Online

Depot 3
	Offline

Depot 1
	Offline

Depot 2
	Offline

Depot 3





	Policy
	(s1, S1)
	(s2, S2)
	(s3, S3)
	(s4, S4)
	(s5, S5)
	(s6, S6)



	1 & 4
	(114, 388)
	(100, 284)
	(122, 415)
	(99, 172)
	(90, 153)
	(120, 199)



	2 & 4
	(105, 345)
	(133, 377)
	(138, 395)
	(102, 169)
	(91, 163)
	(114, 185)



	3 & 4
	(136, 382)
	(40, 227)
	(203, 522)
	(139, 197)
	(59, 116)
	(114, 173)



	1 & 5
	(132, 291)
	(114, 255)
	(150, 388)
	(94, 153)
	(84, 156)
	(125, 184)



	2 & 5
	(91, 334)
	(97, 350)
	(141, 384)
	(100, 171)
	(70, 136)
	(125, 191)



	3 & 5
	(155, 360)
	(108, 254)
	(229, 472)
	(95, 175)
	(80, 155)
	(101, 190)



	6
	(274, 359)
	(250, 315)
	(311, 427)
	(128, 175)
	(135, 173)
	(150, 192)
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Table 3. Optimal (s, S) values when LSC = $20.
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	Online

Depot 1
	Online Depot 2
	Online

Depot 3
	Offline Depot 1
	Offline Depot 2
	Offline Depot 3





	Policy
	(s1, S1)
	(s2, S2)
	(s3, S3)
	(s4, S4)
	(s5, S5)
	(s6, S6)



	1 & 4
	(177, 356)
	(128, 271)
	(152, 419)
	(110, 173)
	(109, 181)
	(123, 188)



	2 & 4
	(145, 441)
	(77, 328)
	(171, 435)
	(125, 183)
	(99, 164)
	(122, 181)



	3 & 4
	(158, 415)
	(148, 293)
	(211, 463)
	(100, 171)
	(115, 188)
	(139, 196)



	1 & 5
	(138, 393)
	(137, 275)
	(142, 363)
	(108, 170)
	(123, 193)
	(144, 199)



	2 & 5
	(100, 367)
	(110, 397)
	(167, 419)
	(121, 193)
	(89, 162)
	(122, 172)



	3 & 5
	(146, 392)
	(81, 339)
	(224, 477)
	(77, 140)
	(101, 172)
	(141, 197)



	6
	(285, 404)
	(250, 371)
	(314, 469)
	(131, 198)
	(145, 168)
	(148, 197)
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Table 4. Optimal cost results when LSC = $5.
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	Policy
	Total Lost Sale

Cost
	Total

Transportation

Cost
	Total Holding

Cost
	Total Inventory Share

Cost
	Total Ordering

Cost
	Total Cost





	1 & 4
	17,280    ±    2950.8
	140,410    ±    2624.4
	141,820    ±    2209.7
	19,649    ±    1612.3
	167,430    ±    3293.9
	486,590    ±    7113.9



	2 & 4
	19,586    ±    2207.8
	141,180    ±    2968.5
	151,190    ±    2181.5
	17,523    ±    1118.4
	167,850    ±    3602.8
	497,330    ±    3602.8



	3 & 4
	23,006    ±    2589.7
	144,440    ±    2434.4
	155,420    ±    2595.6
	16,274    ±    1379.4
	169,860    ±    2967.2
	509,000    ±    6539.3



	1 & 5
	15,435    ±    1444.3
	140,770    ±    2606.2
	122,160    ±    1766.2
	28,880    ±    1448.9
	168,470    ±    3097.7
	475,720    ±    5963.2



	2 & 5
	18,327    ±    2412.5
	141,220    ±    2536.5
	143,840    ±    1652.7
	21,446    ±    1168.6
	167,400    ±    2847.3
	492,230    ±    2847.3



	3 & 5
	20,042    ±    1891.4
	139,470    ±    3231.3
	152,670    ±    3651.9
	20,107    ±    1337.9
	167,840    ±    3651.9
	500,130    ±    6637.7



	6
	28,356    ±    3047.6
	159,000    ±    2850.8
	215,570    ±    2412.9
	0
	166,900    ±    3214.9
	569,830    ±    5862.1
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Table 5. Optimal cost results when LSC = $10.






Table 5. Optimal cost results when LSC = $10.





	Policy
	Total Lost Sale

Cost
	Total

Transportation

Cost
	Total Holding

Cost
	Total Inventory Share

Cost
	Total Ordering

Cost
	Total Cost





	1 & 4
	29,221    ±    3083.6
	141.570    ±    2854.6
	156,500    ±    2192.9
	17,636    ±    1134.8
	167,960    ±    3350.3
	512.880    ±    7447.9



	2 & 4
	38,577    ±    4417.8
	137,810    ±    2293.8
	158,970    ±    2012.8
	16,067    ±    1225.4
	167,440    ±    2779.2
	518.860    ±    7827.5



	3 & 4
	36,948    ±    1851.2
	140,540    ±    2976.3
	161,400    ±    2105.6
	15,674    ±    920.05
	167,010s    ±    3681.0
	521,570    ±    6074.8



	1 & 5
	21,976    ±    3148.9
	144,540    ±    3262.6
	136,030    ±    2197.1
	22,936    ±    1639.8
	170,040    ±    3665.8
	495,520    ±    7775.0



	2 & 5
	27,022    ±    2140.3
	139,590    ±    2471.1
	147,100    ±    1949.6
	20,839    ±    1476.8
	169,250    ±    3233.5
	503,800    ±    5761.9



	3 & 5
	28,074    ±    3680.1
	144,540    ±    2977.1
	159,720    ±    2431.7
	16,034    ±    1315.1
	169,790    ±    3523.3
	518,160    ±    7667.1



	6
	53,131    ±    6222.0
	161,490    ±    2879.1
	227,910    ±    2575.6
	0
	167,470    ±    2575.6
	610,000    ±    8469.3
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Table 6. Optimal cost results when LSC = $20.
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	Policy
	Total Lost Sale

Cost
	Total

Transportation

Cost
	Total Holding

Cost
	Total Inventory Share

Cost
	Total Ordering

Cost
	Total Cost





	1 & 4
	41,576    ±    5195.3
	143,580    ±    2538.4
	162,200    ±    2432.8
	15,234    ±    1130.0
	170,490    ±    3253.9
	533,080    ±    7668.3



	2 & 4
	49,086    ±    4256.1
	141,200    ±    2800.1
	173,620    ±    2052.8
	14,161    ±    1312.2
	170,250    ±    3586.2
	548,320    ±    8717.6



	3 & 4
	50,200    ±    10,586.0
	140,940    ±    1995.2
	182,040    ±    2128.6
	10,283    ±    1057.8
	170,060    ±    2710.0
	553,530    ±    12.949.0



	1 & 5
	25,430    ±    5172.7
	144,810    ±    3359.5
	162,270    ±    2277.3
	17,724    ±    1543.9
	171,890    ±    4179.6
	522,130    ±    8956.2



	2 & 5
	39,930    ±    7014.1
	142,430    ±    2772.2
	169,390    ±    2037.4
	16,796    ±    618.23
	170,000    ±    3177.4
	538,550    ±    11,185.0



	3 & 5
	41,654    ±    7692.9
	141,280    ±    3756.3
	171,830    ±    3029.3
	14,647    ±    1137.3
	171,330    ±    4703.5
	540,740    ±    12,726.0



	6
	83,668    ±    8498.9
	159,560    ±    2849.5
	247,470    ±    2445.9
	0
	169,080    ±    3231.0
	659,780    ±    11,054.0










[image: Table] 





Table 7. System variable results LSC = $5.
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	Policy
	Lateral Inventory Share Frequency
	Amount of

Product Shared by Lateral Inventory Share
	Total Lost Sale Amount
	Frequency of Orders Given to the Main Depot
	Total Number of Trucks Sent from the Main Depot
	    F L    





	1 & 4
	478.10    ±    31.546
	18,127    ±    1417.0
	3456.1    ±    590.17
	839.10    ±    17.461
	1404.1    ±    26.244
	0.97004    ±    0.00485



	2 & 4
	419.40    ±    20.838
	15,885    ±    987.49
	3917.3    ±    441.57
	841.80    ±    17.242
	1411.8    ±    29.625
	0.96622    ±    0.00320



	3 & 4
	458.70    ±    38.613
	15,731    ±    13.882
	4601.2    ±    517.95
	846.00    ±    13.882
	1444.4    ±    24.344
	0.96071    ±    0.00388



	1 & 5
	644.40    ±    29.487
	24,540   ±   1112.4
	3087.1    ±    288.97
	850.10    ±    15.723
	1407.7   ±   26.062
	0.97327    ±    0.00224



	2 & 5
	493.30     ±    28.606
	17,905   ±   964.74
	3665.5    ±    482.50
	868.60    ±    16.921
	1412.2   ±   25.365
	0.96881    ±    0.00385



	3 & 5
	512.60    ±    35.872
	18,187   ±   1287.2
	4008.5    ±    378.29
	771.80    ±    17.462
	1394.7    ±    32.313
	0.96511    ±    0.00310



	6
	0
	0
	5671.3    ±    609.52
	1215.5    ±    26.143
	1590.0   ±   28.508
	0.95157    ±    0.00476
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Table 8. System variable results LSC = $10.






Table 8. System variable results LSC = $10.





	Policy
	Lateral

Inventory Share

Frequency
	Amount of

Product Shared by Lateral Inventory Share
	Total Lost Sale Amount
	Frequency of Orders Given to the Main Depot
	Total Number of Trucks Sent from the Main Depot
	    F L    





	1 & 4
	417.50    ±    23.650
	16,343    ±    997.36
	2922.1    ±    308.36
	801.30    ±    12.657
	1415.7    ±    28.546
	0.97462    ±    0.00236



	2 & 4
	338.50    ±    23.279
	14,431    ±    18.826
	3857.7    ±    441.78
	807.60    ±    16.826
	1378.1     ±    22.938
	0.96664    ±    0.00344



	3 & 4
	475.70    ±    25.981
	15,446    ±    949.43
	3694.8    ±    185.12
	862.30    ±    14.894
	1405.4     ±    29.763
	0.96773    ±    0.00163



	1 & 5
	528.10    ±    28.765
	19,764    ±    1425.9
	2196.6    ±    314.89
	958.70    ±    15.902
	1445.4    ±    32.626
	0.98100    ±    0.00256



	2 & 5
	476.70    ±    29.950
	17,469    ±    1246.5
	2702.2    ±    214.03
	822.00    ±    15.061
	1395.9    ±    24.711
	0.97660    ±    0.00181



	3 & 5
	432.70    ±    29.450
	13,882    ±    1147.8
	2807.4    ±    368.01
	799.50    ±    15.271
	1445.4    ±    29.771
	0.97572    ±    0.00297



	6
	0
	0
	5313.1    ±    622.20
	1344.8    ±    25.807
	1614.9    ±    28.791
	0.95466    ±    0.00473
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Table 9. System variable results LSC = $20.






Table 9. System variable results LSC = $20.





	Policy
	Lateral Inventory Share Frequency
	Amount of

Product Shared by Lateral Inventory Share
	Total Lost Sale Amount
	Frequency of Orders Given to the Main Depot
	Total Number of Trucks Sent from the Main Depot
	    F L    





	1 & 4
	361.10    ±    23.816
	14,149    ±    962.23
	2078.8    ±    259.79
	912.90    ±    17.019
	1435.8    ±    25.854
	0.98207    ±    0.00211



	2 & 4
	345.10    ±    24.603
	12,843    ±    1118.6
	2454.3    ±    212.80
	857.70    ±    14.886
	1412.0    ±  2309.8
	0.97884    ±    0.00165



	3 & 4
	291.60    ±    25.863
	9850    ±    1118.4
	2510.0    ±    529.30
	873.40    ±    16.273
	1409.4    ±    19.952
	0.97834    ±    0.00426



	1 & 5
	400.80    ±    27.491
	16,081    ±    1338.5
	1271.5    ±    258.63
	947.10    ±    19.50
	1448.1    ±    33.595
	0.98902    ±    0.00226



	2 & 5
	377.50    ±    15.610
	14,019    ±    482.82
	1996.5    ±    350.70
	846.70    ±    18.208
	1424.3    ±  27.722
	0.98305    ±    0.00272



	3 & 5
	390.30    ±    27.578
	12,369    ±    1024.4
	2082.7    ±    398.14
	844.00    ±    17.592
	1412.8    ±    37.563
	0.98211    ±    0.00311



	6
	0
	0
	5671.3    ±    424.94
	1189.9    ±    23.820
	1595.6    ±    28.495
	0.95157    ±    0.00326
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
Recycle @@

Production Distribution Consumption, Collection

Use, Reuse,

Energy and

By Lateral
Inventory Share

By Lateral
Inventory Share

Unnecessary production,
material usage, energy
consumption and
workforce decrease

Transportation cost
and CO, emission
decrease






media/file18.png
Online
store 1

Offline
store 1

Online
store 2

A

Offline
store 2

Online
store 3

w

Offline
store 3





media/file21.jpg
s
sy
it
frasy
-
-
e
-

T

BT EEE N E
EF EER e N

7|

HUUU!

®





media/file26.png
Transportation Cost

165,000
160,000
155,000
150,000
145,000
140,000

135,000

Policy Policy Policy Policy Policy Policy Policy 6
1&4 284 3&4 1&5 2&5 3&5

Policies

=@=|SC=S55 «=@=|SC=S510 ==@=LSC=2520





media/file27.jpg
ing Cost

Total Hol

260,000
240,000
220,000
200,000
180,000
160,000
140,000
120,000

policy.
184

Policy
284

policy  Policy  Policy  Policy
384 185 285 385

Policies
——1SC=510 —@=1SC=$20

Policy 6





media/file3.jpg
Oisriution Consumption, conecton
Use, Reuse,

oyt
Unnecessaryproduction | rampertation ost
materiausage,energy || pucc
“consumpton and 01 e
workloree decresse






media/file22.png
Constraints Summary

Name T Expression
Objective Valve  Status | Best Smulation 1051 »
‘Best Vabe 495519298967 | Feasble | Punning Siuiaton 1527 CSL NonLinear ||[Total_losts_sales] / [Total_demand] <= 0.05
Cument Value 501663563548 | Feasble j"""""' 8<S6 Linear [ss[6]) < [S_Inventory[6]]
$<S5 | Linear [ss[5]] < [S_Inventory[5]]
<S4 Jthow |/ <I5 o]
Control Name Best Vae Cumert Valve  # Constrant Name  Type Status A s<S3 |Linear [ss[3]] < [S_Inventory[3]]
S_invertony(l] 290 2% csL Non Linear Feasble
. | | ! ! 8<S2 | Linear <[S_Inventory[2]]
S_inventory{2] 251 260 s<S1 Linear Feasvle : fsf2] <[5,
S_inventoy3] 385 385 v <52 Linear 'Feasble = s<S1  |Lnear | [ss[1] <[S_inventory[1]
< > ‘ < >
Objective Values
500500 - Feazible
. nfeasible
499300
£ 498100
=
! 496900
4m o e
494500 + + + + '
0O 200 400 600 800 1000 1200 1400 1600 1800 2000
Simulation
(a) (b)
Controls
Induded  Category Name ElementType  Type LowBound  Suggested Value High Bound Step
User Specified |S_Inventory[1] |Variable Discrete 280 290 295 1
User Specified |S_Inventory[2] |Variable Discrete 246 251 256 1
User Specified ' S_Inventory[3] |Variable Discrete 380 390 1
User Specified | S_Inventory[4] |Variable Discrete 145 155 1
User Specified | S_Inventory[S] | Variable Discrete 158 163 1
User Spedified | S_Inventory[6] |Variable Discrete 184 189 194 1
User Specified | ss[1] Variable Discrete 131 136 1
User Specified | ss[2] Variable Discrete 107 112 117 1
User Specified | ss[3] Variable Discrete 149 154 159 1
User Specified | ss[4] Variable Discrete |86 91 9% 1
User Specified | ss[5] Variable Discrete |82 87 92 1
User Spedified | ss[6] Variable Discrete 117 122 127 1






media/file19.jpg





media/file7.jpg
A Syl e
imemoryleels —No—  WdmEcLa
oyl = led,
2 by

/
va
Ky

[ —

emand s s |
ddily

|

Updse
imeny o
Yol Check stoe s cumen.
ety v right aer
1 g

ik therstore 5 £

- Updseimentry kv and ot
romaining demand x| o stsae s

4o +
i IS 18 .






media/file28.png
Total Holding Cost

260,000
240,000
220,000
200,000
180,000
160,000
140,000
120,000

Policy Policy Policy Policy Policy Policy  Policy 6
1&4 284 3&4 1&5 2&5 3&5

Policies
@@= | SC =S5 e=@u=|SC=S510 ==@=[SC=520





media/file10.png
Start

simulation
t=0

Create demand, d;;, for
each store 7
i=1{1,2,3,4,5,6}
Calculate total demand
amount at store 7 as:
=TD,; + d;,

Does inventory at
store i meet demand?
dy > I;?

Satisfy all demand
N and rev1se ]n as:

Yes
Calculate remaining demand
amount for store ]
di = Calculate total lost sale
amount at store 7 as:

LS, =LS;,+d;

S

]l[

Update store i’s 1nvent0ry leve >






media/file14.png
Online store
1

Offline store

1

v

2

Offline store
2

Online store

Online store
3

Offline store
3





media/file11.jpg
Isthere

Check sore s inveniory Ves - anyitem on rosd for Calelate Quas
levl ightaflerthe < Is [, <57 —- sorei — e
shipment i=11,23, Q=5 1u- QR
456
B ;
No
Dispose 1
Caleulte 0,5
0,51

1

Doy as lead time (UNIF,
(1,2 days)
from the main depot

|

Updte store s
imventory level s
1=t 0

l

Caleulate 7C





media/file6.png
Main Depot Stores

. v Online/

~ MD Offline

‘ ‘ Storei
. A i={1,2,3}

-
- --
s camm-—

Demand
Point






media/file15.jpg
St

i1 oulnesors
e <3
=100
I L2 i st pt i o he st wher e inconing de
e s offe e
por
a-o

P R r—

P

a0






nav.xhtml


  sustainability-13-02875


  
    		
      sustainability-13-02875
    


  




  





media/file16.png
Start

End

i=1 // online stores
while 7 = 3
TDi=T1D; + di
if Z:;=dy // thisstatement part is for the store where the incoming demand
arrives and its offline store
It = It - dit
die =0
else
dit =dit - Ir  // update the remaining demand
Iir=0
end if
if de >0
while ;=2
tdi; =I; + td;;  // calculate total nventory in stores
Jj=j+1
end while
Jj=0
while ;=2
Ijt = Min (ij)
stje = I/ Min (1)
je = fje+ STt
Jj=j+1
end while
Jj=0
while ;=2
1aj; = tdjt/ﬂ}'f
j=j+1
end while
Jj=0
while ;=2
AL =1 % ra;
5 =1y~ Al
dy = dy - AL; // update the remaming demand
Jj=j+1
end while
Jj=0
else
LSjs = LSi + dy
end if
if di >0
LS;; = LSi; + dy //calculate the lost sale amount
end if
i=i+1
end while
i=0






media/file2.png
Energy and
Material Input

Collection

Consumption, Use,
Reuse, Repair





media/file20.png
Online
store 1

Online
store 2

Online
store 3

Offline
store 2

store 1 Offline

store 1





media/file23.jpg
Total Cost

700,000
650,000
600,000
550,000
500,000
450,000

Policy  Policy
14 284

—e—L1SC=$5

Policy  Policy Policy Policy Policy 6
384 185 285 385

Policies

——1SC=$10 =@=1SC=$20





media/file5.jpg
i
uuuuuuuu






media/file24.png
Total Cost

700,000
650,000
600,000
550,000
500,000
450,000

Policy  Policy
1&4 284
e=@==| SC = S5

Policy  Policy Policy Policy
3&4 1&5 2&5 3&5
Policies

==@=|SC =510 =@=LSC=520

Policy 6





media/file1.jpg





media/file25.jpg
Transportation Cost

165,000
160,000
155,000
150,000
145,000
140,000

135,000

Policy  Policy
184 284

—e—15C= 55

Policy  Policy
384 185

Policies

—e—15C=5$10

Policy  Policy Policy 6
285 385

—e—15C=5$20





media/file12.png
Is there
any item on road for

Check store i’s inventory Calculate Q; as :

level right after the store i Yes
shipment i=1{1,2,3, Qi=S;- I - OR;
4,5,6 }

Dispose

Calculate Q; as :
Qit =8i- 1y

Delay as lead time (U@
(1, 2) days) <
from the main dep(y

Update store i’s
inventory level as:
L= I+ Qi

h 4

Calculate 7C





media/file9.jpg
/s
(' sl )

/Coleulate toal demand |
amountatstoe a5 |
™ d,

Does. mvm:'y} /7 satisty alldemand.
soreimestdemnd? | it
N dz i ! Tu=Iy-d

% \

PR M

Calulate remaining demand
amount fo store |-
11y

——
Calulae ol st sle’,

Uptatesore s invemory levetass |
\ L0 /
p A





media/file0.png





media/file8.png
Start
simulation
t=0

Create demand, d;,, at
each store i
i={1,2,3,4,5,6}

Check current
inventory level at
store 1

Calculate total demand
amount as:
TD; = TD; + d;,

Satisfy all demand
and revise /;, as:

L= 1;-d;

dy > Iii?

Yes
<3

<Ca
Update
inventory level at store i
1y

l

Check other store j’s (j # 1)
inventory level according to the
pre-determined policy

Iculate remaining unmet
demand at store i
dir = dit - Iy
=0

h 4

Check store i’s current
inventory level right after
shipment

Yes

pdate inventory level an
remaining demand as:
[jt: [jt - djy
dit =0

No

l

Update inventory level /;;and C
remaining demand as:
dy = dy - [jt
=0

alculate total lost sale
amount at store i:
LSZ' = LSZ + dit






media/file17.jpg





