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Abstract
Lateral transshipment is a key concept in the field of supply chain management, enabling increased flexibility and efficiency in the distribution of goods. In this context, lateral transshipment refers to the practice of transferring goods from one mode of transport to another within a single hub or logistics facility, bypassing the conventional point of origin.
Lateral transhipment is often used in logistics centers or ports where goods need to be redirected to their final destination after being received. This can happen between trucks, ships and trains, allowing the most appropriate modes of transport to be used according to the customer's specific needs or geographical constraints.
Tunisia, as a logistics hub between Africa and Europe, plays a crucial role in modern supply chains. Lateral transshipment, a method of transferring goods from one mode of transport to another without passing through the point of origin or final destination, has become a key element to optimize supply chain operations in this context.
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1. Introduction
Transshipment has a significant lateral impact on port operations. Modern ports are designed to facilitate these movements, enabling efficient management of cargo flows. Storage and sorting facilities play a key role, as they allow containers to be grouped according to their final destination. This lateral approach not only improves operational efficiency but also reduces port congestion, a major problem in peak transit seasons . ((Agrawal et al., 2004) Paterson et al., 2011).
Economically, transshipment plays a fundamental role in international trade. Ports that offer transshipment services often see a substantial increase in their traffic, which contributes to their infrastructural and economic development. In addition, the reduction in transport costs allows companies to benefit from more competitive rates, making their products more attractive on the global market [Herer et al., (2006), Yao et al., (2016), Park et al., (2016)].
Furthermore, transhipment allows developing countries to participate in global trade without having to invest massively in comprehensive port infrastructure. Smaller ports can benefit from agreements with larger hubs to facilitate access to international markets. It also promotes skills development and local employment by creating opportunities in logistics and transport ((Van et al., 2009, Paterson et al., (2012) and Reyes et al., (2013)).
In short, transshipment is proving to be a key element in the global logistics network, both lateral and economic. It optimizes supply chains, reduces costs, and improves connectivity between different market players. With the continued expansion of international trade, the importance of transshipment will continue to increase, shaping the future of global trade (Kim and Sarkar, (2017) and Dehghani and Abbasi (2018)).
Lateral Transshipment has several advantages such as, Cost reduction, by optimizing transportation, lateral transshipment can reduce delivery costs and minimize waiting times. Also, flexibility, because this method allows rapid adaptation to fluctuations in demand and changes in delivery routes. Finally, improved inventory management, because, by facilitating efficient replenishment operations, transshipment helps maintain optimal stock levels. (Yi et al.,(2020)).
To fully leverage lateral transloading, companies must view it as an integrated part of their logistics strategy. This requires close coordination between different supply chain stakeholders, including suppliers, carriers, and distributors. The use of advanced technologies, such as supply chain management (SCM) systems and data analytics tools, strengthens this coordination and enables real-time visibility into goods movements.
While lateral transhipment offers many benefits, it also poses challenges. These include the need for careful planning to avoid delays, managing costs associated with multiple transfer points, and the increased complexity of logistics operations. In addition, stringent security measures must be in place to protect goods during transhipment (Li et al., 2013 and Dan et al.,(2016)).

Lateral transloading is emerging as a vital part of modern supply chain management. By maximizing efficiency and responding quickly to market needs, it allows companies to remain competitive in an increasingly complex business environment. Companies that adopt this innovative approach going forward will be better positioned to face future challenges while optimizing their operations. Ultimately, investing in lateral transloading solutions is a step toward a more agile and resilient supply chain ( Feng et al ., 2017  and Meissner & Senicheva, 2018).
To effectively implement lateral transshipment in a supply chain, several key elements need to be considered, for example, Advanced technologies, since the integration of AI-based supply chain management systems and data analytics can help predict transportation needs and optimize routes. Also, Optimal coordination, since clear communication between the different actors in the supply chain (suppliers, carriers, distributors) is essential to ensure that transshipment is carried out smoothly. Finally, staff training, since logistics operators must be trained in transshipment best practices to ensure an efficient and secure process. (Glazebrook et al., 2015 and (Dijkstra et al., 2019)).



2. Lateral Transshipment Policies: Complete-Pooling and Partial-Pooling

            Lateral transshipment policies are essential in the management of logistics and distribution processes. They translate into strategies aimed at optimizing operational efficiency while minimizing costs. Two major approaches in this area are “complete-pooling” and “partial-pooling” (Seifert et al., 2006).
Complete-Pooling

Complete-pooling refers to a strategy where all inventory or resources are pooled in a single central location. This approach has several advantages such as:

- Increased efficiency: By consolidating resources, inventory costs can be reduced and the flow of goods can be improved ((Dong et al., 2012) and (He et al., 2014)).
- Optimal visibility: Centralized management allows for more accurate tracking of inventory and demand, facilitating decision-making ((Toyasaki etal., 2017) and (Li et al., 2013)).
- Reduced lead times: Through centralization, transshipment becomes faster and smoother, reducing waiting time for customers ((Park et al., 2016) and( Li and Li, 2017))
          However, complete-pooling also has its drawbacks. For example, it can lead to overloads at the central location, making the system vulnerable to disruptions. In addition, this approach may not be suitable for environments where demand is highly variable or geographically dispersed ((Rudi et al., 2001) and (Hu et al., 2007)).
Partial-Pooling
           Conversely, "partial-pooling" involves distributing resources across multiple locations while maintaining a degree of centralization. This strategy seeks a balance between efficiency and responsiveness. Its main advantages are:
- Improved flexibility: With shared resources, it is possible to respond more quickly to fluctuations in demand in different markets (Guan & Zhao, 2010 and Glock, 2012).
- Less risk of congestion: By avoiding centralizing all resources, the risk of overload at a single location is reduced ((Herer et al., 2004) and Özdemir et al., 2006)).
- Better local adaptation: "Partial-pooling" allows for a better response to local specificities and needs, which can increase customer satisfaction ((Ekren & Sunderesh, 2008)) and Archibald et al., 2009)).
      However, this approach can increase the complexity of logistics management, requiring robust information systems to coordinate operations across multiple locations (Pazhani et al., 2015).
       The choice between complete-pooling and partial-pooling depends on the specifics of each company and its objectives. While complete-pooling aims to maximize efficiency through centralization, partial-pooling offers adaptive flexibility in a dynamic environment. Thus, a thorough analysis of logistics needs and market conditions is crucial to choose the most suitable strategy. Ultimately, the successful implementation of these policies will allow companies to optimize their supply chain, reduce costs, and improve customer service.








	
	



	
3. Transshipment Approaches
Transshipment, or the transfer of goods from one means of transport to another, is a key practice in modern logistics. There are three distinct approaches to transshipment: emergency transshipment, preventative transshipment, and hybrid transshipment. Each of these approaches is designed to meet specific needs in the supply chain.
- Emergency -Transshipment :
Emergency- transshipment occurs when an unforeseen situation requires the rapid transfer of goods. This could be due to extreme weather conditions, accidents, or unforeseen delays in transportation. In these cases, companies must mobilize their resources quickly to minimize disruptions. This approach requires effective planning and immediate responsiveness. For example, if a container is stuck in a port due to a storm, emergency transshipment could involve transferring that container to another vessel or mode of transportation to ensure rapid delivery.
Emergency- transshipment refers to the urgent transfer of goods, usually cargo, from one vessel or mode of transport to another due to unforeseen circumstances that prevent the original mode of transport from continuing its journey. This process is commonly used in shipping, logistics and maritime operations, where emergencies such as vessel breakdowns, adverse weather conditions or port congestion may require the rerouting or transfer of goods to another vessel to ensure on-time delivery. (Ekren & Sunderesh, 2008).
Its main objective is, first, to minimise delays and avoid disruptions in the supply chain by quickly transferring goods to an alternative route, vessel or mode of transport. Second, goods may need to be rerouted to meet strict delivery deadlines or avoid delays in critical supply chains. Also, emergency transshipment requires rapid decision-making and coordination between shipping lines, port authorities and logistics teams. Moreover, it can incur additional costs as it involves additional handling, potential delays and the need for alternative transport arrangements (Wong et al., 2005).
Finally, modern tracking and logistics systems play a crucial role in facilitating emergency transshipment by providing real-time updates and helping to quickly identify alternative solutions. In summary, emergency transshipment is a critical process in global trade and shipping that helps mitigate the risks associated with unforeseen disruptions to the transport process (Guan & Zhao, 2010, Glock, 2012).

- Preventive -Transshipment :
Preventive- transshipment, on the other hand, aims to anticipate potential problems before they arise. This approach is based on in-depth data analysis and a good understanding of market trends. By identifying congestion points or periods of high demand, companies can plan transfers of goods in advance, thus avoiding costly delays. For example, during periods of high seasonality, companies can choose to transfer inventoryo warehouses located closer to consumption areas to reduce delivery times.
Preventive -transshipment is a logistics strategy used in supply chain management to manage risks, avoid delays, and ensure that goods are delivered efficiently. It involves transferring goods from one ship, truck, or container to another at an intermediate point along their transportation journey, before actual disruptions or delays occur. This strategy is often applied proactively to reduce the impact of potential future disruptions, such as port congestion, weather conditions, or logistics inefficiencies (Bouma et al., 2014).

There are, key aspects of Preventive- Transshipment such as:
- Risk mitigation: Preventive- Transshipment avoids potential delays or problems by redirecting goods to other routes or modes of transport before a disruption occurs. This ensures that the supply chain remains uninterrupted (Olssen., 2009, 2010) :
- Flexible routing: In situations where there is an anticipated risk (such as a port strike, bad weather or equipment failure), preemptive transshipment may involve rerouting goods to different ports or modes of transport, such as from sea freight to air freight.
- Efficiency and optimization: By proactively transferring goods to other transport options, companies can ensure better inventory control, minimize potential stockouts and maintain a steady flow of products (Olssen, 2015).
- Financial implications: While Preventive- Transshipment can help avoid larger disruptions, it can also incur additional costs, such as additional handling and transport fees and potentially longer delivery times, which must be weighed against the potential cost of delays or stockouts.
Overall, Preventive- Transshipment is a proactive measure to maintain a smooth and efficient supply chain by reducing the impact of potential disruptions.
-Hybrid Transshipment :
Finally, hybrid transshipment combines the elements of emergency and prevention. This flexible approach allows companies to adapt their transshipment strategy according to changing market conditions and operational circumstances. Thus, a company can start with preventive transshipment, but switch to an emergency model if unforeseen events arise. Hybrid transshipment is particularly beneficial in industries where demand is volatile and delivery times are critical (Paterson, et al., 2012).
The main advantages of hybrid transloading are:
- Cost efficiency: By combining cheaper transportation options (such as ocean freight) with faster, more expensive options (such as air freight), companies can balance cost and speed.
- Flexibility: Companies can adapt to changing conditions (e.g., port congestion, weather disruptions) by changing modes or routes.
- Faster delivery time: For critical goods, using air transportation for parts of the journey can speed up the overall process (Seidscher and Minner, 2013).
Some examples of hybrid transloading include:
- E-commerce shipping: An order can be shipped by air from a warehouse to a major airport and then transferred by truck to a local facility for final delivery.
- Global trade: Goods produced in one country can be transported by train or truck to a seaport, shipped across the ocean, and then transported again by truck or train to the destination country (Patriarca et al., 2016 and Shen & Li., 2016).
In short, hybrid transshipment systems combine different modes of transport and handling techniques to optimize the flow of goods through complex global supply chains, balancing speed, cost, and efficiency (Grossman, 2016 and Wolcott, 2016 and Ji et al., 2017).

4. Mathematical Modelling Hypotheses

4.1 Problem Description
We studied the periodic stocking policy (R, S) for each retailer 1 and 2. The stock control period, denoted R, is composed of T time intervals separated by two successive customer requests for each retailer i, i=1, 2.
According to this policy, at the end of each review period R (assumed to be 28 days, according to, Emel and Lena, (2017), if the stock position of retailer i (denoted, PSiT = Available stock - Demand) falls below a given value, called replenishment level and denoted , a replenishment order is launched according to the central warehouse in order to bring this stock position back to . The order is received at the end of the supply period L.
The supply quantity is then expressed by equation (1).

 =             			(1)
0                 Else

The demand at retailer i during a period R is a random variable that follows the normal distribution with mean  and standard deviation We assume that the demands at retailers are independent and identically distributed (i.i.d).
When this demand causes a stock shortage during the control period at retailer 1, a transshipment will be made from retailer 2 to 1, the transshipment quantity will be noted .
We also assume that the transshipment time is zero and that the unit cost of the transshipment noted C. The latter is a linear cost with the quantity transferred between retailers. Finally, we assume that partial satisfaction of customer demand by the retailer is not allowed, and that demands that cannot be satisfied by the available stock and the transshipment will be lost and are subject to a stock shortage cost noted    per unit lost. In all cases, the available stock becomes equal to zero and will remain zero until the next supply.
The mathematical modeling that we study in the following paragraph concerns a transshipment system composed of two non-identical retailers. The approach that we adopted is inspired by the work of (Emel and Lena, (2017)). Let us recall that these researchers solved a problem of a stock system (R, ) by considering a single central warehouse and two retailers.
Our objective is to begin by identifying the difficulties to be encountered by solving an inventory system by introducing transshipment in order to identify avenues of resolution for a large number of retailers.
Adopted Notations
The following notations are used for the model formulation:
n =2: Number of retailers;
i: Retailer index (counter) with i=1, 2;
DiT: Demand during a time interval T at retailer i (random variable)
follows the normal distribution N(µi,σi). These demands are independent and identically distributed, (i. i. d);
R: Stock position revision period, which is divided into T time intervals;
Si: Maximum stock level at retailer i at the beginning of the supply cycle;
PSiT: Stock position at retailer i at each time period T;
: Average Global Disservice Rate of the i retailers;
(XG): Average Overall Profit for the two retailers i, With i=1, 2.
Vi: Unit price of the sale for each site i, with i =1,2.
: Unit cost of transshipment regardless of the direction of the lateral transfer,
: Unit cost of shortage for such a site.
Decision variables
E(Xi ): Average quantity sold without transshipment according to retailer i; with i=1, 2;
E(X12 ): Average quantity of transshipment transferred from retailer1to retailer 2;
E(X21 ): Average quantity of transshipment transferred from site 2 to site 1;
E(): Average quantity of residual stock after transshipment for retailer i;
E() : Average quantity of unsatisfied demand for site i, after transshipment.

4.2.  MODELING AND EXPERIMENTATION
The resolution of our problem is fundamentally based on the probabilistic behavior of customer requests. It is a continuous distribution that follows the normal law.
For this, among the sampling techniques that allow an exploration of customer demand, we have chosen simulation. Its principle is then to select, for each request, random values ​​determined according to a mean and a standard deviation. In addition, the demand is generated independently of time and between retailers.
We will then model in this article, the stock distribution system to two retailers, successively named "Without-Transshipment" and "With-Transshipment". The latter can take the form of a transshipment policy called "Complete-Pooling", if the retailer commits to transfer all of its available stock if necessary, or "Partial-Pooling", if the transshipment is carried out by maintaining a targeted stock level, by modifying the threshold beyond which the retailer commits to apply the transshipment for each experiment. First, the latter will be set to a value that is equal to twice the demand (i.e. to protect the next two demands), then it will be equal to the next demand and finally it is worth a safety stock that is equivalent to 30% of the stock position.
"No-Transshipment" Case
Conceptual Model
In this case, if the retailer is faced with a random demand and to satisfy it and does not run out of stock, it must claim the missing quantity from the central warehouse.
This can be represented by Figure 1.
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Figure 1. Two-retailer “No-Transshipment” inventory distribution system
For the « No-Pooling » case, the modeling by the ARENA 16.0 software can be presented in Figure 2.
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Figure 2. Le modèle de simulation Supply Chain : No-Pooling


Assumptions
To properly model this inventory system using Arena software, it is necessary to list the assumptions and operating mode retained in this work:
- The storage capacity of the central warehouse is infinite;
- Retailer i applies the storage policy (Ri, Si);
- Partial satisfaction of an order is not allowed,
- Any unsatisfied order will be lost;
Only one order (urgent according to the central warehouse) is allowed per supply cycle (at the end of period R); with R = kT
- There is no defined priority order. All customer orders are managed according to the same FCFS (First Coming First Served) priority rule;
- The distribution center has sufficient storage capacity, so as not to introduce availability constraints (Unlimited storage policy);
- At the beginning of each supply cycle, an order of size Qi (avec Qi = Si -is placed to reach the inventory level denoted by Si.
Average Overall Profit Function
The average overall profit function of our centralized inventory system for two “No-Transshipment” retailers contains the selling price of the customer product and the shortage cost.
It takes the general form of equation 2.
(-       						               (2)


 "With -Transshipment" Case
Conceptual model
If one of the two retailers is out of stock, cooperation can be established between them to meet their random demand. This collaboration generally takes the form of "Lateral -Transshipment", also simply called "Transshipment" (Figure 3), which allows pooling stocks to overcome uncertainties related to demands arriving at sites of the same level.
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Figure 3. Two-retailer “With-Transshipment” stock distribution system

4.3. The optimization problem
Decision variables
In our optimization model, we seek to determine, for each retailer i, the quantities of transshipment (, the quantity sold without transshipment to satisfy customer demand ( and the demand lost at site i, after the lateral transfer (
Objective function
The objective is to identify the transshipment policy that improves the Average Global Profit of the centralized system over a finite time horizon R, by seeking the lowest possible Average Global Disservice Rate.
For this, the objective function of the first transshipment policy "Complete-Pooling", will be defined in the form of equation (10).
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 = (*k+)   , ∀i=1, 2 et k : being the number of periods, with k=2, 3, 4,…,10.
And 	N () 

While, for the second transshipment policy “Partial-Pooling”, the objective function will be defined in the form of equation (11).
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                				Else  	=
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With Threshold = next demand; twice the demand and 30% Replenishment level.
With   R= kT et k=2, 3, 4,…,10.

Strictly positive integer, ∀  i=1, 2

With	
 = (*k+)   , ∀i=1, 2 et k : being the number of periods, with k=2, 3, 4,…,10.
And  	N () 

5. Case Studie

Before starting the resolution of the problem by simulation, an initialization phase is necessary. We assume that retailers control their stock independently and we determine, for each retailer i, the value of the replenishment .

According to (Archibald et al., 2015), the replenishment level S_i^0 is formulated according to equation (12).

= (λ+ )     ∀i=1, 2             (12)

with:
λthe demand rate for retailer i, ∀ i = 1, 2
λ : the demand period ;
: the number of orders requested for retailer i; ∀ i=1, 2
: the average demand of retailer i, ∀ i=1, 2.
But, for the Poisson distribution, we know that, E()= mean =variance, for this we can then conclude that: variance=,, therefore, the standard deviation σ_i, will be equal to: =.
Indeed, Meissner and Rusyaeva, (2016) reformulated the initial level of replenishment according to the normal distribution of mean µi and standard deviation σi, and concluded that, its initial level will take the form of equation (13).

= (*k+) ; 	∀ i=1, 2                        						                             (13)
With :
                  k :   the number of periods (k= λ) ;
   the average demand (=) ; ∀ i=1, 2                          
 : the standard deviation of demand, (=), ∀ i=1,
5.1. Description of the case study
Recall that the network structure considered in this chapter is composed of a distribution center and two retailers, which are faced with random and non-identical demands in average and standard deviation. We assume that the simulation length is 10 years.
We assumed that the demand D1 of the first retailer follows the law N (100, 20) and that of the second retailer, D2 follows the law N (200,50). These demands are Independent and identically distributed (i.i.d).
Also, we considered in all the examples of our research that:
The revision period R = 28 days, (According to (Emel and Lena, 2017));
The unit selling price for retailer 1 equals $95 and that of retailer 2 is worth $125,
The unit cost of rupture regardless of the site equals $30,
The unit cost of transshipment = $3, $0.5,
k = 2, 3, 4,…,10.

We carried out the resolution of our problem via simulation by successively testing the transshipment policies "Complete-Pooling" and "Partial-Pooling". We provide the following performance measures for evaluating the contribution of transshipment:
The number of supply orders (without transshipment),
The number of orders received with the transshipment application,
The quantity of lateral transfer from a warehouse that is in an overstock position to the one of the same level that is in a shortage position,
The quantity of unsatisfied orders at a retailer (lost quantity),
The Average Overall Profit at a retailer,
The Average Disservice Rate (the rate of customer dissatisfaction after transshipment).

The table 3.1 presents the different measures of the initial stock level of the replenishment  and ..
We recall that,  and will be calculated by applying equation (13).

Table ‎3 1: Determination of different measures of the initial level of

	k 
	
	

	2
	229
	470

	3
	335
	687

	4
	440
	900

	5
	545
	1112

	6
	648
	1322

	7
	753
	1532

	8
	857
	1741

	9
	960
	1950

	 10
	1063
	2158







5.2. Impact of input parameters on the Average Global Profit
We examine the effect of three input parameters on transshipment profits, namely:
- The periodicity "T",
- The unit cost of transshipment,
- And, the threshold of the transshipment policy "Partial-Pooling".


5.2.1. . Impact of the periodicity "T"
        The table 3.2 gives the different results of the Average Global Profit calculated by the simulation by applying the ARENA software. We modify the periodicity "T" and the transshipment threshold for the "Partial-Pooling" policy for each experiment.

Table ‎3 2: Determination of the Average Global Profit with a unit transshipment cost = $3
	k 
	No-Transshipment
	Complete-Pooling
	Partial-Pooling	

	
	
	
	Twice the Demand
	Next Demand 
	SS=30% of Si

	2
	39125
	44087
	45588
	51612
	55338

	3
	65044
	74538
	76777
	84950
	87813

	4
	88000
	101674
	102466
	112402
	112124

	5
	77240
	96137
	99320
	103043
	105286

	6
	70600
	94007
	96388
	100690
	102843

	7
	66960
	91519
	94943
	95450
	97252

	8
	60320
	79027
	82911
	90017
	95514

	9
	55400
	75523
	79717  
	86773
	88072

	10 
	51000
	      69360
	75416
	80519
	86333






“No-Transshipment” system vs. “With-Transshipment” system
The figures calculated in Table 3.2 reveal the considerable effect of collaboration between sites in terms of Average Global Profit.
Likewise, they present the results of the performance evaluation of the “Complete-Pooling” and “Partial-Pooling” transshipment policies compared to the “No-Transshipment” policy. We note, first, that these results verify those already obtained by the mathematical model for a stock system with two non-identical retailers, namely that:
- The comparative values ​​obtained by simulation in Table 3.2, using the “ARENA” software, confirm the evidence of the advantage of applying “transshipment” between sites in terms of improving the Average Global Profit. For example, for k=2, the "Complete-Pooling" improved the performance of the centralized inventory system by increasing the average value of the Average Global Profit of the two retailers, from 39250 to 44087, that is, a relative evolution that is worth 12%, 
- These values ​​show the effect of the modification of the periodicity on the economic profitability, by improving the Average Global Profit from k=2 to k=4. While, the evolution of the value of the latter suffers an imperfection beyond k=4, and this will be explicit for k=5 to k=10, because, in these periodicities it becomes in the form of a decreasing curve due to the increase in the number of customer orders by the period R= 28 days.
“Complete-Pooling” vs. “Partial-Pooling”
The comparative values ​​obtained by simulation for the two transshipment policies “Complete-Pooling” and “Partial-Pooling”, to seek the relative improvement value of Average Global Profit are reported in Table 3.3.

Table 3: Determination of the values ​​of the percentage of relative improvement of the Average Global Profit for a unit cost of transshipment = $3
	K
	No-transshipment / Complete-Pooling
	Complete-Pooling/PP : 2* demand
	Complete-Pooling/PP : Next Demand
	Complete-Pooling / PP :SS=35% of  Si

	2
	12%
	3%
	17%
	26%

	3
	15%
	3%
	22%
	18%

	4
	13%
	1%
	13%
	11%








	To calculate the different percentages of relative improvement of the Average Global Profit indicated in Table 3.3, we apply the mathematical formula (14),
[Pourcentage d’Amélioration Relative = ((Avec-transshipment) – (Sans-transshipment) / (sans-transshipment))*100]                                                                                                                   (14) 
(This for the first column of the table while for the two transshipment policies (“Complete-Pooling” and “Partial-Pooling”) we apply this formula by looking for the value of the improvement percentage between them).
	From Table 3.3, we see that the improvement percentage of the Average Global Profit depends on the periodicity T, as well as on the transshipment policy applied (“Complete-Pooling” or “Partial-Pooling”). We note that the first lateral transfer policy ("Complete-Pooling") allows to improve the economic profitability of the "No-transshipment" policy but with a percentage of improvement lower than that of the transshipment policy ("Partial-Pooling"). Because of this, this last policy is more advantageous, because the Average Global Profit of the first transshipment policy will be improved whatever the threshold applied. We will conclude, also, that the modification of the latter acts on this improvement, let us take as an example, for k=2, the "Partial-Pooling" with a threshold of the "Twice the Demand" target to reach a percentage of relative improvement of Average Global Profit of the "Complete-Pooling" of 3% but with the change of the threshold to "Next Demand" this value remains equal to 17% and finally for a threshold equal to "SS=30% of Si" and becomes equal to 26%. By analyzing the variation of the threshold of the transshipment policy "Partial-Pooling", we find that with the modification of the latter, the economic profitability of the entire centralized system will be improved with the increase in average global profit which aims to minimize the risk of rupture.
This allows us to conclude that the most economically profitable transshipment policy is that of "Partial-Pooling" and especially with a lateral transfer threshold equal to "SS = 30% of Si". This observation leads to a first conclusion in our research, namely that the change of the threshold influences the percentage of relative improvement of the Average Global Profit.
5.2.2.   Impact of transshipment unit cost and transshipment threshold
	The study of the impact of the variation of the transshipment unit cost on the Average Global Profit is carried out in cases where C = $0.5. The simulation results are presented in Table 3.4.
“With-Transshipment” system vs. “Without-Transshipment” system
We examine, in a stock system with two identical retailers, the impact of the variation of the transshipment cost and the threshold of the “Partial-Pooling” policy.







Table ‎3 4: Determination of the Average Global Profit for a unit transshipment cost = $0.5
	k 
	No-Transshipment
	Complete-Pooling
	Partial-Pooling

	
	
	
	2* Demand
	Next Demand 
	SS=30% of Si

	2
	39125
	47054
	49938
	53502
	57400

	3
	65044
	77754
	79740
	86252
	88976

	4
	88000
	102661
	103510
	 113700
	 113500

	5
	77240
	         97200
	100520
	 105035
	 106097

	6
	70600
	96657
	97125
	101257
	103356

	7
	66960
	93230
	95127
	96102
	98235

	8
	60320
	83560
	93276
	94605
	96203

	9
	55400
	         79359
	81900  
	87007
	89102

	10 
	51000
	         72135
	79230
	84009
	87990










	The results of the simulation presented in Table 3.4 show that a variation of this cost by decreasing it from $3 to $0.5, acts mainly on the improvement of the profitability of the entire centralized system between the policy "Without-Transshipment" and that of "With-Transshipment", for this, we will conclude that, the coordination between the sites of the same level allows to improve the profitability of the entire system, but it reaches the most efficient values ​​by the application of the policy of the transshipment "Partial-Pooling" and especially with the fixing of the threshold at "SS = 30% of Si". For this, we will first seek, the percentage of relative improvement of the Average Global Profit of the centralized system for the first policy of transshipment "Complete-Pooling" by decreasing this cost (see Table 3.5), then by calculating it with the integration of the second policy "Partial-Pooling" (see Table 3.6).
“Complete-Pooling” vs. “Partial-Pooling”
	The determination of the different values ​​of percentage of relative improvement of the Average Global Profit for the transshipment policy “Complete-Pooling” or (simply noted CP) between C=3$ and C=0.5$, is done by the application of equation (15).
([(CP for  C=0.5$) ]-[(CP for C=3$)  ]/ [(CP  for C=3$)   *100])                   (15)



Table ‎3 5: Determination of the percentage of relative improvement of the Average Global Profit for “Complete-Pooling” between C=3$ and C=0.5$

	                                 k 
	Percentage of relative improvement in Average Overall Profit

	2

	
7%

	3

	5%

	4

	1%







	For example, we cite that, for k=3 and with a transshipment unit cost equal to $3, the transshipment policy "Complete-Pooling" has improved the value of "Without-Transshipment" from 65044 to 74538, therefore by an improvement value equal to 15%. But, with a slight reduction in the transshipment unit cost, this percentage becomes equal to 20%. For this, we will conclude that the transshipment unit cost has an influence on the improvement of the Average Global Profit of the entire centralized stock system.

Table 3 6: Determination of the percentage of relative improvement of the Average Global Profit for “Partial-Pooling” between C=3$ and C=0.5$

	k  
	Percentage of relative improvement in Average Overall Profit

	
	

	
	2* Demand
	Demande Suivante 
	SS=30% de  Si

	2
	9%
	4%
	4%

	3
	4%
	2%
	1%

	4
	1%
	1%
	1%









	From Table 3.6, we will conclude that applying the transshipment unit cost equal to $1 is more profitable in terms of gain compared to the one that is worth $2, and this is remarkable according to the results presented in this table, but with a low percentage of improvement.
For example,
- For a threshold = Twice the Demand: the transshipment policy "Partial-Pooling" with a unit cost equal to $0.5 improves the Average Global Profit of the one that is equal to $3 from a minimum value equal to 1% to a maximum value equal to 9%.
- For a threshold = Next Demand: With a unit cost of transshipment worth $0.5, the transshipment policy "Partial-Pooling" improved the Average Global Profit of the one that is equal to $3 from a minimum value equal to 1% to a maximum value equal to 4%.
- For a threshold = SS=30% of Si: With a unit cost of transshipment equal to $0.5, the economic profitability of the centralized system for the transshipment policy "Partial-Pooling" undergoes an evolution compared to that which equals $3 with a percentage of improvement reached 4%.
In fact, according to the study of the impact of the change in the unit cost of transshipment and the threshold of the "Partial-Pooling" policy on the improvement of the Average Global Profit, the sensitivity analysis of the performances to this variation is summarized as follows:
·  The decrease in the unit cost of transshipment influences the increase in the percentage of relative improvement of the economic profitability.
· The evolution of the Average Global Profit has a strong relationship with the modification of the threshold beyond which the retailer accepts the transshipment at the cost of the available stock. (see table 3.6).

6. Impact of input parameters on the Average Global Disservice Rate (The periodicity "T" and the transshipment threshold)	
	Here we focus on determining the transshipment policy in a centralized inventory system that seeks to improve the Average Global Profit at both retailers by minimizing the Average Global Disservice Rate as soon as possible.








Table ‎3 7: Determination of Average Global Disservice Rate

	     k 
	No-transshipment
	Complete-Pooling
	Partial-Pooling

	
	
	
	2* Demand
	Next Demand 
	SS=30% of  Si

	2
	0.500
	0.360
	0.303
	0.220
	0.170

	3
	0.600
	0.460
	0.420
	0.350
	0.007

	4
	0.450
	      0.157
	0.130
	0.093
	0.032

	5
	0.670
	      0.357
	0.307
	0.157
	0.120

	6
	0.750
	      0.465
	0.412
	0.195
	0.137

	7
	0.865
	0.525
	0.495
	0.293
	0.205

	8
	0.925
	0.620
	0.597
	0.385
	0.296

	9
	1.005
	0.770
	0.700
	0.492
	0.377

	10
	1.121
	0.800
	0.783
	0.537
	0.425











	In this section, we formulate the Average Global Disservice Rate at both retailers by equation (15). = /)),   (15)    (this is the Average Global Disservice Rate).
From the analysis of Table 3.7, we notice that the Average Global Disservice Rate has a relationship with the change in periodicity and it undergoes an increase beyond k=4, and becomes in the form of an increasing curve.
But, by analyzing the effect of transshipment policies on minimizing the Average Global Disservice Rate. We then notice that the "Complete-Pooling" minimizes the rate of the quantity of unsatisfied customer orders regardless of the periodicity and for example for k=2 this decrease is worth from 0.500 to 0.360 and that the "Partial-Pooling" does not aim to reduce this Rate of Average Global Disservice only, but it also seeks to cancel it for k=3, it is almost zero). And this is explicit for the last transshipment threshold which equals to "SS=30% of Si".
We then note that the collaboration between two sites 1 and 2 increases the probability of cycles without shortages in the centralized system for this, the Average Global Disservice rate reaches its optimum for the second transshipment policy and especially for the last threshold.
We will then conclude that, the level of service in a collaborative network is higher compared to the network of independent sites and this plays a very important role in decreasing the quantity of lost orders. This implies that the economic performance of the group of collaborators does not only depend on the characteristics of each isolated site, it also depends on the characteristics of each retailer and its relationship with the other warehouses that make up the inventory system and especially when the lateral transfer cost is low. This conclusion should be taken into account in the formation of the groups of collaborators.

CONCLUSIONS AND PERSPECTIVES

This paper aims to study the effect of collaboration in emergency situations and to apply two transshipment policies named, "Complete-Pooling" and "Partial-Pooling" between two storage sites on the overall average profit of the centralized system and the level of customer disservice.
The most important conclusions can be summarized as follows:
·  The sharing of stocks between sites of the same level greatly optimizes the Overall Average Profit of the whole system;
· The inter-site collaboration always improves the Overall Average Customer Disservice Rate, i.e. the probability of non-shortage cycles and the probability of customer satisfaction;
· In general, the positive effect of collaboration is more important when applying the "partial pooling" policy with a modification of the transshipment threshold.
Several extensions of this model that are of particular interest can be considered in future research. For example, the variation of the mean and standard deviation of random customer demand and the wider network utilization where the number of sites exceeds both, incorporating the distance between different storage sites located at the same level.
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