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Introduction

Logistics is the management of goods flows between origins and destinations in order to meet requirements of customers or corporations. The items managed in logistics can include materials, equipment, as well as time and resources, etc. A distribution center is a structure, which aims to receive, temporarily store and redistribute goods according to orders. To make the global logistic chain be cost saving, efficient and effective, companies call for a dynamic distribution center. Distribution center operations consist of five basic functions: receiving, sorting, storing, picking, and shipping. Companies can cut their costs and improve their productivity by improving these five functions. However, the best strategy could be not to improve but to eliminate too long storage duration.

A cross dock is a specialized distribution center which aims to eliminate the most costly operations, storing and picking, by transferring the incoming goods directly from receiving docks to shipping docks. The activities of a cross dock terminal are as follows: 1) goods from suppliers are shipped to the cross dock center, they are unloaded at the receiving doors. 2) they are sorted according to their destinations and directly transferred to the shipping doors. 3) they are loaded in trucks and delivered to customers. Typically, shipments spend a few hours in a distribution center.

As an efficient and effective logistic procedure, compared with the traditional distribution centers, cross dock has the following advantages: cost reduction (including the warehousing cost, inventory carrying cost, labor cost), storage space saving, short delivery lead time, reduction of risk of product damages and obsolescence, etc.

In this dissertation, we address a cross dock door assignment and resource management problem in a specific cross dock terminal. The time spent and resources required for each operation (unloading, sorting and loading) are considered. The objective aims to optimize the door assignment and resource distribution in a cross dock in order to minimize the weighted sum of the total travel distance and the total cost which includes the labor cost and undelivered good penalty cost. The constraints on unloading/sorting/loading velocity, truck time windows, resource number are considered.

The research cycle of this dissertation is shown in Figure 1. The research cycle is a summary for the three years of work, as well as a presentation of the structure of this dissertation.

First, I study the current literature about cross dock management, certain relevant articles are analyzed to present the studies at three decision levels. During this study, I summarize and identify the problems and the motivations for the researches: door assignment and resource management in cross dock. Then, we introduce a specific layout for a cross dock and a key problem for this terminal is formulated as a mixed integer programming (MIP) model. The MIP model can be solved thanks to a commercial solver, but this approach is no longer efficient as the problem size grows. We develop heuristics, based on genetic algorithm (GA), to deal with medium and large size instances. The performance of exact and approximation approaches are evaluated. Then, in order to study the real behavior of cross dock and verify the relevance of the solutions obtained, we build a new cross dock model using Petri nets, and carry out the simulations. The simulation results give a feedback to the solutions obtained. According to the simulation results, we improve the original MIP formulation and obtain more detailed solutions for the problem addressed.

As the research cycle above, the structure of this dissertation is organized as follows: Chapter 1 reviews the current literature and present the problems studied in my work. The problem is formulated as a MIP model in Chapter 2 (formulation). Chapter 3 proposes heuristics based on genetic algorithm (methods) and provide the computational results (solutions). In order to verify the solutions obtained in Chapter 2, a new model with Petri nets is built and simulations are carried out in Chapter 4 (verification and simulation). The simulation results are reported in Chapter 5.

Chapter 1 presents the problems studied in this dissertation. First, I review the literature on cross docks management. The studies, including cross dock network design, layout design, transshipment, vehicle routing, door assignment and scheduling, are presented, and we identify the research concerns of each problem. The related literature is classified and analyzed. Last, we present the problem tackled in this dissertation.

Chapter 2 proposes the MIP formulation. We consider a specific layout of cross dock. The dock door assignment and resource management problem for this terminal is formulated as a MIP model. Compared with the existing similar formulations, our MIP model considers the truck time windows, the processing velocity for each operation (unloading, sorting and loading), the times and the resources consumed at each work station. Not only the door assignment is optimized but the total cost is minimized. The resource distribution between each work station is also obtained.

Chapter 3 concerns methods and solutions. A genetic algorithm is developed to the problem addressed. Because of the random nature of GAs and certain strict constraints of the model, certain solutions are infeasible. We provide two gene repair methods: the first one makes the infeasible trucks unassigned directly, while the second one tries to reassign the incompatible trucks. The computational results are reported. The performance of exact and approximation approaches, as well as the performance of the two gene repair methods is assessed.

Chapter 4 is related to verification and simulation. To verify the relevance of the solutions obtained in Chapter 3, a model with Petri nets is built to simulate the behaviors of cross dock. This model is composed of three steps, and the events in each step are elaborated. The nets about 'shared door' are linearized. We explain how to determine the door assignment order and how to describe goods flows and resource flows using Petri net. During the simulation, two problems, 'parallelism' and 'flexibility' are tackled.

Chapter 5 reports the simulation results. With different resource numbers, the performance of cross dock is evaluated from three aspects: start and end times of unloading and loading operations, makespan at each work station and free resource number at each time. Then, we improve the MIP formulation proposed in Chapter 2.

The final section concludes with the main contributions of this thesis and gives some interesting perspectives for future research.

Chapter 1 State of art

Cross docking is an efficient and dynamic logistic procedure that directly transfers the goods from a supplier to a customer. There are many successful implementations in world. The researches about cross dock consist of network design, layout design, transshipment and vehicle routing, as well as door assignment and scheduling problems. These problems are always formulated as a MIP model, and solved with exact approaches or approximation algorithms.

This chapter introduces the general context and definitions. A literature review on cross dock management problems is conducted; certain typical articles are analyzed to present each problem. The research concerns of each problem are concluded. The scope of our research is at operational level and the current methods for solution are presented. The research problems and motivations addressed in this dissertation are poured out.

Cross dock in logistics

Logistics have permeated in every aspect of our life. Everything we eat, drink, wear, and everything we use are all closely connected with supply-chain and logistics. For instance, a bottle of milk is collected from dairy farmer, then processed in a processing facility, transferred to retail trader, and finally consumed by customers, during this process, the problems such as the transportation, the storage are all about supply-chain and logistics. Canadian Association of Logistics Management gives a more precise definition about logistics.

The process of planning, implementing, and controlling the efficient, cost effective flow and storage of raw materials, in-process inventory, finished goods and related information from point of origin to point of consumption for the purpose of meeting customer requirements.

---Canadian Association of Logistics Management

In a typical supply chain, materials are procured at one or more factories, shipped to warehouses for intermediate storage, and then shipped to retailers or customers. Consequently, to reduce cost and improve service levels, effective supply chain strategies must take into account the interactions at the various levels in the supply chain. The supply chain, which is also referred to as the logistics network, consists of suppliers, manufacturing centers, warehouses, distribution centers, and retail outlets, as well as raw materials and finished products that flow between the facilities [START_REF] Myerson | Supply Chain and Logistics Management Made Easy: Methods and Applications for Planning, Operations, Integration, Control and Improvement, and Network Design[END_REF].

A distribution center is a structure used to receive, temporarily store, and redistribute goods according to orders. For example, in a distribution center, the milk is received, and sorted according to their destinations, and then delivered to retailers. In general, there is a warehouse in a distribution center to store goods that are surplus, or when there is long time limit for their deliveries.

To make the global logistic chain be cost saving, efficient and effective, companies call for dynamic distribution centers. Distribution center operations consist of five basic functions: receiving, sorting, storing, picking, and shipping. Companies can cut their cost and improve their productivity by improving these five functions. The management of the distribution center as a cross dock, which directly eliminates the storing and picking functions instead of improving the operations, has a strong competitive power.

The basic concept behind cross-docking is to eliminate the two most costly operations (store and pick) in a distribution center by transferring the incoming goods directly from receiving docks to shipping docks. The activity of cross dock terminal is as follows: goods from suppliers are shipped to the cross dock center, and then they are unloaded at the receiving doors, sorted according to their destinations and directly transferred to the shipping doors. Last, they are loaded in trucks and delivered to customers. Shipments spend a few hours in the distribution center.

In Figure 1-1, a typical cross dock terminal is presented. Inbound trucks transport goods from suppliers and are assigned in receiving doors. Outbound trucks are assigned in shipping doors, load and ship goods to customers. Goods are sorted interior terminal, and the transportations from receiving doors to shipping doors are automated by conveyors or manually by employees.

Compared to the traditional distribution center, the advantages of cross dock are described by [START_REF] Galbreth | An Investigation of the Value of Cross Docking for Supply Chain Management[END_REF], [START_REF] Boysen | Cross dock scheduling: Classification, literature review and research agenda[END_REF]:

-Cost reduction. Reducing goods storage can reduce inventory costs.

-Storage area saving. Reducing goods storage can also save space, equipment and labor required for handling and storing goods. -Short delivery lead time can speed goods flow to customers and reduce of risk of product damages and obsolescence

Cross dock configuration

As a key part of the whole supply chain, the cross dock network configurations are classified according to their size [START_REF] Buijs | Synchronization in cross-docking networks: A research classification and framework[END_REF]. The simplest network is called one single cross dock configuration (shown in Figure 1-2) in which there is only one cross

Receiving doors

Shipping doors dock and all of the goods pass through this cross dock. In the one single-layer cross dock configuration (shown in Figure 1-3), there are several cross docks but each goods can only pass through one cross dock. This configuration is often selected in the supply chain of large retailers and manufacturers. The third one is the so-called hub-and-spoke cross dock configuration (shown in Figure 1-4). There several stages and goods can pass through multiple cross docks in different stages, and such network is usually designed for parcel delivery companies. One single cross dock network and one single-layer cross dock network can be considered as special cases of the hub-and spoke cross dock network.

Cross dock implementation

There are many successful cross dock implementations in some worldwide corporations, such as Walmart (Gue and Kevin, 2004), Toyota [START_REF] Witt | Crossdocking: Concepts demand choice[END_REF], Ford [START_REF] Ratliff | Network design for Load-driven Crossdocking Systems[END_REF], UPS [START_REF] Forger | UPS starts World's premiere cross-docking operation[END_REF]. Here we detail the UPS cross dock network.

How are the goods delivered to customers through USP logistic network? As shown in Figure 1-5. Every day, goods are picked up by couriers to local cross dock terminal in which they are sorted according to their destinations: if they are local express items, they are loaded in trucks and directly delivered to customers; if not, they are loaded in aircrafts and delivered to Worldport which is the largest fully automated package handling facility in the world. In Worldport, these goods are sorted again according to their destinations. Then they are transported to destination local cross dock center in which they are sorted once more according to more accurate destinations and delivered to customers.

In the Table 1-1, some key numbers about UPS Worldport are presented. A successful cross docking implementation require to locate cross dock facilities within the supply chain network, to design the layout of the cross dock facility and to plan cross dock operations (Konur and Golias, 2013).

When we implement a cross dock facility, we need to make three types of decisions: strategic, tactical, and operational decisions.

The strategic decisions are long term decision such as determination of the cross dock location which depends on the location of suppliers, retailers, and customers, and also road access, as well as social and financial matters.

The tactical decisions correspond to middle term decision which is mainly related to the cross dock layout design, including the shape of cross dock, number of dock doors, internal transportation ways, and the location of the temporary storage area.

The operational level decisions are associated with the short term planning which is related to the unloading and loading policy, the dock door assignment, the vehicle routing, and the truck scheduling.

The existing literature related to these three categories decisions are considered in the next section.

The implementation of the UPS cross dock network also considers the decisions at the three level.

From the view of the strategic decision level, UPS Worldport is located in Louisville of Kentucky state and it is implemented within the Louisville international airport which make the transportation interchange more easily. The configuration of logistic network of UPS is a typical hub-and-spoke network. Goods from suppliers might pass through two or even more cross dock terminals to customers. The business of UPS is worldwide, and a lot of the transports are long-distance, so the goods are needed to be distributed more than once through multiple-stage cross docks.

From the tactical decision level, Wordport has 325 unloading position, 1520 loading position, 70 docks for aircrafts. The internal transportation is fully automated by highspeed conveyors. 'Smart labels' on each package are read by overhead cameras. An average of 1.6 million packages are processed every day in Wordport.

From the operational decision level, the assignment of each aircraft in dock is precalculated and guided according to their time windows.

Research about cross dock management

The current studies on terminals managed as cross docks can be classified according to the three decision levels, as shown in Table 1-2: strategic level which makes the long term decision, such as the cross dock network design, tactical level which makes the middle term decision, such as the cross dock layout design, and the operational level which make the short term planning, such as the transshipment problems, vehicle routing, door assignment and scheduling problems.

The research of each problem is built in a context of a configuration presented in Section 1.1.1. As shown in Table 1-2, the cross dock network design and the transshipment problems are addressed for a one single layer cross dock configuration, while the other researches are considered on a one single cross dock configuration. The configurations decide the material flow in each problem as shown in Table 1-3. There are mainly four elements in the logistic chain. The notations 'multiple' and 'multiple-stages' represent that there are multiple elements in the corresponding models, the notation '1' stands for only one element in the chain under study. The difference between 'multiple' and 'multiple-stages' is that the 'multiple' elements are independent, while the 'multiple-stages' elements are visited sequentially.

In the rest of this section, we review some typical articles to present each problem.

Cross dock network design

Network design problems are defined based on a set of suppliers, manufacturing plants, distribution centers, cross-docking sites and customers. Researchers choose some or all of them to design their tasks. Network design consists of two basic decisions (Donald Ratliff et al., 1998): the location decisions, which are related to the number and position of cross-docks, and the routing decisions, which deal with how material flow should be routed through the selected cross-docks. The problems are usually formulated as integer linear programming models which include the two types of decitions.

Donald [START_REF] Ratliff | Network design for Load-driven Crossdocking Systems[END_REF] aim to design a network from suppliers to destinations through cross docks to make routing decisions. Their objective is to minimize the average delay between the time a product is produced and the time it reaches its destination. The two components of this delay are considered: the transportation delay (i.e., the time spent travelling) and the loading delay (i.e., the time spent on waiting to be loaded on transportation units). This problem is formulated as an integer programming model which is implemented and solved with CPLEX 5.0. et al. (2010) design a network to make routing decisions. Their objective is to determine the route of goods, either directly from suppliers to customers or indirectly via a cross dock between them. An ant colony optimization (ACO) algorithm is developed, and the computational results show that ACO approach can get better solutions than Branch and Bound algorithm in a less time. [START_REF] Syarif | Study on multi-stage logistic chain network: a spanning tree-based genetic algorithm approach[END_REF] study a variant of location problem. Their proposed network results from the selection of suppliers, manufacturing plants, distribution centers and customers. Their objective is to make the choice of distribution centers to be opened given the plant capacity, the suppliers and the customers demand. A heuristics based on genetic algorithms is proposed to solve the problem.

Musa

The network designed by [START_REF] Jayaraman | A simulated annealing methodology to distribution network design and management[END_REF] is also location decisions. Product families (suppliers), a manufacturing plant site, cross-docking sites, and customer zones are given to design the network. Two models are formulated to select the best set for cross docking sites to be operated and compute the required quantities of products given the capacity constraints. Simulated annealing (SA) procedure is developed to combine the two models. [START_REF] Ross | An evaluation of new heuristics for the location of cross-docks distribution centers in supply chain network design[END_REF] extend their work later. They propose two other heuristics based on tabu search (TABU) and simulated annealing (SA) to solve the same model as in the previous paper. The experimental results for the both heuristics show that integrating traditional simulated annealing with TABU-SA provides better quality solutions in short time.

Layout design

Cross dock layout design problem aims to tackle decisions on the cross docks characteristics including the shape, the dimension (number of doors), the material flow within cross dock, its service mode, the temporary storage area location, etc.

Cross dock has a wide variety of shapes. Its shape is always determined by the shape and size of the facility in which it will be installed. There are shapes like L, U, T, H, as illustrated in Figure 1-6, but most of cross docks are long, narrow rectangles (I-shape), as illustrated in Figure 1234567. Why I-shape is so popular? That is because cross dock operations are labor intensive, and most of the cost of labor is devoted to travel between doors. I-shaped can offer the chance to move goods directly across the dock from receiving door to shipping door (J. Bartholdi and K.Gue (2004)). [START_REF] Bartholdi | The Best Shape for a Crossdock[END_REF] discuss the performance of each cross dock shape. According to their study, I-shape is the most efficient shape for cross docks with fewer than 150 doors. For the cross docks with more than 200 doors (approximately), an X-shape is best.

The number of doors can vary from several to hundreds. It is usually determined by the number of suppliers it will receive and that of customers it will serve.

The service mode determines the freedom degree of receiving and shipping doors in cross dock [START_REF] Boysen | Cross dock scheduling: Classification, literature review and research agenda[END_REF]: one is called the exclusive mode in which each dock door is either exclusively dedicated to inbound or outbound operations. Typically, to ease product flow, one side of terminal is dedicated to receiving doors and the other side to shipping doors. In the other mode called mixed mode, technical restrictions for a separation between inbound and outbound trucks do not exist and a intermixed sequence of inbound and outbound trucks can be processed at a dock door (eg. [START_REF] Shakeri | A generic model for crossdock truck scheduling and truck-to-door assignment problems[END_REF]. Moreover, a combination of the two modes can be applied in parallel.

The pre-emption consists in allowing the interruption of the unloading or loading of a truck. If pre-emption is allowed, the truck can be removed from the dock and another truck replaces it. The uncompleted truck is processed later for unloading or loading.

The internal transportation occurs inside cross dock, and it can be executed manually by employees or automated by conveyors. A combination of both transportation forms is also possible.

The interchangeability of product depends on whether or not repacking products at cross dock is required.

The material flow interior cross dock depends on the arrival time of incoming trucks, the departure time of shipping trucks, the sorting mode, and if there is a temporary storage area in facility. The arrival time of trucks can be concentrated if inbound trucks arrive together, or scattered if inbound trucks arrive at different time periods in a day. The departure time of the trucks can be restricted so that the trucks must leave before certain time points, or with no restrictions that trucks depart when all goods are unloaded or loaded.

In a pure cross dock, there is no storage area. However, in practice, in most of cross dock terminals, goods are allowed to be stored in a temporary area. In many cases, the goods are placed in several parallel rows and the workers can move goods between these rows [START_REF] Van Belle | Cross-docking: State of the art[END_REF]. [START_REF] Vis | Positioning of goods in a cross-docking environment[END_REF] focus on the determination of temporary storage locations for incoming goods in an I-shape cross dock. They demonstrate the applicability of their model in different shape layout, and their algorithm can be also used in design phase to determine the minimum number of storage rows and the lengths of rows.

Certain authors pay their attention to improve an existing layout of cross dock. [START_REF] Hauser | Comparison of two cross docking layouts at a JIT[END_REF] propose a new layout to improve the previous one for an automotive manufacturing facility. In the new layout, they proposed to sort the goods according to their volume in the unloading area to reduce the number of dollies.

Transshipment problems

The transshipment problem consists in determining the material flow between suppliers, transshipment center (cross dock) and customers under transshipment scheduling constraints to minimize the transportation cost and inventory cost. [START_REF] Lim | Transshipment Through Crossdocks with Inventory and Time Windows[END_REF] study a transshipment problem with supplier and customer time windows. The objective is to determine the optimal schedule given a transshipment network and to minimize the inventory cost. The multiple shipping and multiple delivery case can be transformed to a minimum cost flow problem. The single shipping and single delivery case is NP-hard in the strong sense.

Chen et al. ( 2006) study a similar cross dock transshipment problem with the delivery and pickup windows constraints and warehouse capacity constraints. Different types of product are considered. An integer programming formulation is proposed and three heuristics (simulated annealing, tabu search and combination of the two) are described. [START_REF] Ma | Crossdocking distribution networks with setup cost and time window constraint[END_REF] study also a similar transshipment problem but they consider only one type of product. An integer programming model is formulated and a two-stage heuristic approach is proposed. Their computational experiment results show that the proposed heuristic approaches are efficient in terms of running time and solution quality, and can be used when a commercial solver failed to solve the model.

Vehicle routing problems

Vehicle routing problems focus on the determination of the number of vehicles, the optimal route of each vehicle in a cross dock center to minimize the transportation cost and operational cost. The material flow is from suppliers, through cross dock centers, and then to destinations. Multiple suppliers and destinations can be visited sequentially. [START_REF] Lee | Vehicle routing scheduling for crossdocking in the supply chain[END_REF] aim to identify an optimal vehicle routing schedule for a cross dock terminal from an operational viewpoint. In their model, the suppliers, the cross dock center and the customers are modelled as nodes. There is a transportation cost between two nodes, and each node has to be visited by one vehicle. An integrated model is formulated and a heuristic algorithm, based on a tabu search, is proposed. [START_REF] Liao | Vehicle routing with cross-docking in the supply chain[END_REF] study a similar problem. However, they consider that all vehicles are identical and each supplier and retailer can be visited only once. A tabu search algorithm is proposed. The computational result show that their proposed algorithm can provide better solutions in shorter computation times compared to the method proposed by [START_REF] Lee | Vehicle routing scheduling for crossdocking in the supply chain[END_REF].

The network considered by [START_REF] Lee | Vehicle routing scheduling for crossdocking in the supply chain[END_REF] and [START_REF] Liao | Vehicle routing with cross-docking in the supply chain[END_REF] includes one single cross dock center. [START_REF] Mousavi | A hybrid simulated annealing algorithm for location and routing scheduling problems with cross-docking in the supply chain[END_REF] tackle the case of multiple cross dock centers. A location problem and a vehicle routing problem are combined in a two-stage mixed-integer programming (MIP) model and a two-stage hybrid simulated annealing embedded within tabu search approach is proposed to solve it.

Dock door assignment problems

The material flow concerned by cross dock door assignment problems is from suppliers through receiving doors and shipping doors to customers. Time windows constraints are not taken into consideration. The objective is to find the best assignment of inbound and outbound trucks to receiving doors and shipping doors.

Dock door assignment problem can be viewed as an operational level decision making problem but also tactical problem depending on the flexibility at the cross dock. In other words, it depends whether the assignment is fixed for a long period.

The Generalized Assignment Problem (GAP), proposed by [START_REF] Ross | A branch and bound algorithm for the generalized assignment problem[END_REF], is a classical extension of the assignment problem which allows an agent to be assigned to multiple tasks [START_REF] Guignard | Algorithms for the Cross-dock Door Assignment Problem[END_REF]. Several variants of the cross dock door assignment problems (CDDAP) have been addressed in the litteratures. Some of them can be regarded as extensions of the GAP.

A bilinear programming model based on the GAP is formulated by Louis and Chang (1990) to describe a basic dock door assignment problem: trucks from suppliers come in and unload goods at the receiving doors, and then goods are loaded in outbound trucks in the shipping doors to customers. The movements of goods between receiving doors and shipping doors are made by forklifts. A heuristic method is proposed to minimize the travel distance of the forklifts. The same authors (Louis and Chang, 1992) propose the a Branch and Bound algorithm to solve the same problem, and computational results show that the CPU running time increases extremely quickly with the problem size. The same problem is solved using a genetic algorithm by R. Bermudez et al. (1999).

Considering a rectangular symmetric terminal, they perform computational experiments to evaluate each parameter for performance of GA on this problem. The results show that constant population is more efficient than incremental population, fit-weak selection manner is better than fit-fit for smaller size problems, the larger the population size is, the larger the computation time GA requires, and it is difficult to determine crossover techniques.

In the model by Louis and Chang (1990), one door must be assigned to one truck, and one truck must get assigned only one door, that is to say that the number of suppliers must equal to number of receiving doors and the number of customers must be equal to the number of shipping doors. [START_REF] Zhu | New Approach for the Cross-Dock Door Assignment Problem[END_REF] improve this model so that the number of suppliers and of receiving doors can differ and the number of customers and of shipping doors can be different. [START_REF] Guignard | Algorithms for the Cross-dock Door Assignment Problem[END_REF] propose two heuristics: a local search and convex hull, to solve the model by [START_REF] Zhu | New Approach for the Cross-Dock Door Assignment Problem[END_REF]. Compared with the branch and bound method, the two proposed algorithms are more efficient for large size instances.

In all previous formulations of the CDDAP, the number of trucks cannot exceed the number of doors, because they do not take into account the sequence of trucks that are assigned to the same door. [START_REF] Oh | A dock-door assignment problem for the Korean mail distribution center[END_REF] present another door assignment problem based on a mail distribution center. There is only one receiving door in this terminal. Incoming trucks arrive at the receiving door with various items that are unloaded in a pickup area. Then each item is sorted according to its destination and moved to shipping door. The objective is to find an optimal assignment of the destinations to the shipping doors. A non-linear programming model is developed and two heuristics: three-phase heuristic and genetic algorithm, are proposed to solve this problem. The results show that the three-phase heuristic and genetic algorithm can improve the current system.

The characteristics of papers discussed in this section are shown in Table 1-4. The notation 'ns' indicates that a characteristic is not specified, and an '*' indicates that not a single value for the characteristic is valid. [START_REF] Oh | A dock-door assignment problem for the Korean mail distribution center[END_REF][START_REF] Guignard | Algorithms for the Cross-dock Door Assignment Problem[END_REF][START_REF] Zhu | New Approach for the Cross-Dock Door Assignment Problem[END_REF]Bermudez et al., 1999 Tsui and Chang, 1992 

Scheduling problems

Scheduling problems aim to decide the sequence of inbound and outbound trucks at a given set of dock doors of the terminal [START_REF] Boysen | Cross dock scheduling: Classification, literature review and research agenda[END_REF]. Based on a schedule of trucks, each inbound truck and outbound truck is assigned to a specific dock door.

Scheduling problems are simplified by several authors to study the sequence of inbound and outbound trucks in a cross dock with only one receiving door and one shipping door. [START_REF] Chen | Minimizing the makespan in a two-machine crossdocking flow shop problem[END_REF] formulate a so-called two machines scheduling problem with the objective of minimizing the makespan. They consider that collecting operations at the second machine can only be processed after the unloading and unpacking operations at the first machine are completed, and there is only one machine at each stage. A polynomial approximation algorithm and a branch and bound algorithm are developed. [START_REF] Chen | Minimizing makespan in two-stage hybrid cross docking scheduling problem[END_REF] improve this model. They suppose that at least one stage contains more than one parallel machine. The authors build a mixed integer programming model and some heuristics to solve the problem. Their computational experiments show that this MIP model is suitable for the small scale instances. [START_REF] Yu | Scheduling of inbound and outbound trucks in cross docking systems with temporary storage[END_REF] deal with the similar scheduling problem in which there is only one single receiving and shipping door with a temporary storage area. Product type and truck changeover time are considered. So, the product assignment problem and door assignment problem are solved simultaneously. A MIP model and a heuristic algorithm are proposed. Boloori [START_REF] Arabani | [END_REF] propose five metaheuristic algorithms to solve this problem: a genetic algorithm (GA), a tabu search (TS), a particle swarm optimization (PSO), an ant colony optimization (ACO) and a differential evolution (DE). The computational results show that the GA, PSO, ACO and DE have a relatively similar behavior on the best objective function while TS show different results. [START_REF] Forouharfard | An imperialist competitive algorithm to schedule of receiving and shipping trucks in cross-docking systems[END_REF] study also the similar problem with an unlimited temporary storage capacity. Their objective is to find the best sequence of inbound and outbound trucks to minimize the total number of products that pass through the temporary storage. An imperialistic competitive algorithm (ICA) approach is proposed to tackle this problem. The ICA and an genetic algorithm (GA) are compared. The results show that ICA performs better than GA in solving such a problem. [START_REF] Vahdani | Scheduling the truck holdover recurrent dock cross-dock problem using robust meta-heuristics[END_REF] study the same problem, however, without storage area and under the condition that the inbound and the outbound trucks can move in and out of the dock during their tasks, in the other words, preemption is allowed. They propose two algorithms to solve it: the hybrid electromagnetism-like algorithm and the genetic algorithm. [START_REF] Soltani | Scheduling trucks in cross-docking systems: A robust meta-heuristics approach[END_REF] propose two heuristics algorithms for the same problem and compare a hybrid simulated annealing method and a hybrid variable neighborhood search algorithm. The results show that their proposed methods outperform those by [START_REF] Yu | Scheduling of inbound and outbound trucks in cross docking systems with temporary storage[END_REF]. [START_REF] Larbi | Scheduling cross docking operations under full, partial and no information on inbound arrivals[END_REF] study such a transshipment scheduling problem with a single receiving and a single shipping door under three scheduling policies: complete information, partial information and no information. For the full information case, an optimal graph is given, and for the other two cases, heuristics are proposed. The values of information on the performance of the cross docking operations are analyzed. They conclude that the distant future information does not improve solution. [START_REF] Alpan | Heuristic solutions for transshipment problems in a multiple door cross docking warehouse[END_REF] In what follows, studies are based on a single cross dock terminal with multiple receiving and shipping doors. Acar (2004) studies the scheduling problem of the incoming trucks. A truck can enter a dock during its available time, and the arrival, service and departure time of each truck are predefined. The objective is to decide an assignment to minimize the square of the slack time defined as the idle time between the departure of the last truck at a door and the entering time of the current truck to balance the distribution of slack time. This problem is formulated as a mixed integer quadratic problem, and a simple algorithm is proposed. The test result shows that its algorithm produces solutions which are on average within 4.41% deviation from the optimal solutions. [START_REF] Mcwilliams | The parcel hub scheduling problem: A simulation-based solution approach[END_REF] also study the scheduling problem of the inbound trucks with a fixed number of unload docks at a consolidation terminal. The objective is to find an allocation and a sequencing of trucks to docks such that the transfer operation time can be as close as possible to a lower bound. The authors consider that all unload docks are identical, and all load docks are identical. Inbound and outbound trucks have an equal priority. A simulation-based scheduling algorithm (SBSA) is proposed. They compare the results of SBSA with that of the arbitrary scheduling (ARB) from current industry practice. The test result shows that compared to the best performance of the ARB, the SBSA improvements are 21, 16, 11 minutes for the small, medium, large terminal and compared to the lower bound given, the average transfer time obtained by SBSA is 11%, 13%, 29% longer for the small, medium, large terminal. [START_REF] Mcwilliams | Minimizing the completion time of the transfer operations in a central parcel consolidation terminal with unequal-batch-size inbound trailers[END_REF] address the same problems. and propose a simulation-based scheduling approach with an embedded genetic algorithm. The result shows that the proposed approach can lead to a 2%-4.5% improvement over the previous method. Lim et al. (2006) couple the dock door assignment problem and the scheduling problem. They bring in time windows for trucks. Arrival time at cross dock and departure time from cross dock of each truck are predefined and fixed. Trucks have to be assigned according to their time windows, the number of trucks can exceed the number of doors and two trucks cannot be assigned to the same door when their time windows overlap. Service mode designed by authors is mixed. Their objective is to minimize the total distances for transferring cargo. An integer programming model is proposed. A tabu search and a genetic algorithm are described and compared with CPLEX solver. Test result shows that the heuristic algorithms can obtain better results with less running time.

The same authors (Lim et al., 2006) extend their model. The number of the unfulfilled shipments is considered, and if there is no available door for some trucks with respect to their time windows, these trucks can be unassigned and a penalty is paid. The objective is to minimize the dock operational cost and the total penalty cost for unfulfilled shipment. A genetic algorithm is proposed. [START_REF] Miao | Truck dock assignment problem with operational time constraint within crossdocks[END_REF] propose a tabu search method and a genetic algorithm to solve the same model, and computational results show that for the small size instance, CPLEX obtains an optimal solution in a reasonable time, but for the medium and large scale instances, their genetic algorithm provide better solutions with short CPU time. This work is extended by [START_REF] Miao | Applying an adaptive tabu search algorithm to optimize truck-dock assignment in the crossdock management system[END_REF]. They distinguish between the receiving doors and shipping doors and they do not define any capacity. Thus they consider a cross dock with exclusive service mode.

The time windows of inbound trucks and outbound trucks are considered separately.

The objective is the same as that of Lim et al. (2006). An adaptive tabu search (ATS) algorithm is proposed. The computational results show that CPLEX performs a little better than ATS for small size instances, and ATS has a better performance than CPLEX for large size instances. [START_REF] Gelareh | A branch-and-cut algorithm for the truck dock assignment problem with operational time constraints[END_REF] address a model which is related to the models given in [START_REF] Miao | Truck dock assignment problem with operational time constraint within crossdocks[END_REF][START_REF] Miao | Applying an adaptive tabu search algorithm to optimize truck-dock assignment in the crossdock management system[END_REF]. While they consider a mixed service mode and define a capacity of cross dock. The authors propose a branch and cut algorithm to deal with the model. The computational experiments are conducted with CPLEX, and the algorithm is instructed to terminate in 1500seconds. 100 experiment instances are generated and 74 are solved to optimality at root node. [START_REF] Shakeri | A generic model for crossdock truck scheduling and truck-to-door assignment problems[END_REF] study also the scheduling problem. In the cross dock, doors can have dual functions of receiving and shipping doors as in Lim et al. (2006). The capacity of temporary storage area here is unlimited. The problem is formulated as a two-stage parallel-machine scheduling problem and a mixed integer programming model is provided. [START_REF] Li | Crossdocking planning and scheduling : Problems and algorithms[END_REF] give a heuristic method to solve this model. Their algorithm consists of two phases: a sequencing phase to build a feasible sequence of jobs, and an assignment phase to select the most convenient door for the given job.

Models by Lim et al. (2006), [START_REF] Shakeri | A generic model for crossdock truck scheduling and truck-to-door assignment problems[END_REF] consider different storage setting. Boysen (2010) studies an integrated problem with a zero-inventory to minimize the flow time, the processing time and the tardiness.

Scheduling problems in cross dock are classified by [START_REF] Boysen | Cross dock scheduling: Classification, literature review and research agenda[END_REF] according to three elements: the door environment, the operational characteristics and the objectives.

The attributes in the door environment consist of the service mode presented in Section 1.2.2, and the number of dock doors.

The operational characteristics contain nine attributes: the preemption to evaluate if loading or unloading of a truck can be interrupted, the arrival time of trucks which evaluate if trucks arrive in cross dock at different time points, the processing time which estimates the whole time span consumed by a truck to unload or load, the deadline to restrict the departure time of trucks and shipments, the intermediate storage to estimate whether or not intermediate storage is allowed, the assignment restrictions to confine the freedom degrees in assigning trucks to doors, the transshipment time which is the time between the arrival of goods after having unloaded at receiving door until their availability at shipping door, the outbound organization to define the time points at which outbound trucks leave the terminal, and the interchangeable products to estimate if repacking is allowed or not at the terminal.

The authors provide nine types of different attributes in element objective: minimization of the completion time, the makespan, the maximum lateness, the tardiness, the number of delayed truck, the stocked products, the maximum inventory level, as well as no objective and other objective.

With the notations and symbols in paper by [START_REF] Boysen | Cross dock scheduling: Classification, literature review and research agenda[END_REF], the classification of papers described in this Section is shown in 

Literature analysis

In what follows, we analyze 98 articles including those reviewed in Section 1.2. These articles are published until recently, year 2016. The number of papers related with each problem is shown in Table 1234567. The source of these 94 articles are detailed in Table 12345678. For the 59 papers published in journals, the number of articles that are published each year is shown in Figure1-8. We can see that in recent years, cross dock problems become a hot topic, which reflects that cross dock plays a more and more important role in modern logistic systems. The papers that deal with truck scheduling problems in cross dock have been addressed more recently.

Figure 1-8 Number of articles

The journals where the 59 articles were published are provided in Table 123456789. 
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Problems and motivations

In this section, we define the scope of this dissertation, and motivate the research avenue we followed.

Solution methods

In this dissertation, we focus on the cross dock problems at the operational level, i.e. on the door assignment and truck scheduling problems, and we put aside the strategic and tactical level problems mentioned in Section 1.2.

In this section, 63 articles at operational levels (63 out of 67, where 4 articles only present their formulations without methods), as the door assignment problems and truck scheduling problems, are analyzed.

The door assignment and truck scheduling problems are often formulated as a mixed integer programming (MIP) model and solved using heuristics or exact method. The operations within cross docks are frequently studied by simulation. In Table1-11, the methods used and the relevant article number are summarized. Articles The most frequently-used exact approach is Branch and Bound which performs well for the small size problems, but which is no longer efficient for the large size problems.

Many authors study the behavior of cross dock by simulation. The frequently-used tool for cross dock simulation is ARENA. During simulation, the door assignment is often not considered and predefined. The time cost by each operation (e.g. [START_REF] Liong | a Simulation Study of Warehouse Loading and unloading system using ARENA[END_REF], the personnel (resource) planning (e.g. [START_REF] Liu | Simulation-based personnel planning for materials handling at a cross-docking center under retail distribution environment[END_REF], the goods flows are always the concerns of authors. Certain authors propose to evaluate their mathematic model by simulation (e.g. [START_REF] Ladier | Robustness evaluation of an IPbased cross-docking schedule using discrete-event simulation[END_REF].

Another tool for studying cross dock is Petri net, but we identify only one article [START_REF] Trouillet | Petri Net Model and Mathematical Resolution for Cross Docking[END_REF]. The author presents the main operations: unloading, sorting and loading in cross dock with Petri net. With the presentations of Petri net model, the author proposes three classes of constraints to improve the IP model proposed by [START_REF] Miao | Truck dock assignment problem with operational time constraint within crossdocks[END_REF].

The articles related to exact methods and to simulation are shown in Table 1-13. 

Motivations

The cross dock door assignment problem aims to find the best sequence of inbound and outbound trucks to receiving doors and shipping doors. One door is assigned to only one truck, and the number of inbound/outbound trucks cannot exceed number of receiving/shipping doors.

The scheduling problems aim to decide the sequence of inbound and outbound trucks at a given set of dock doors of the terminal, where the number of inbound/outbound trucks can exceed the number of receiving/shipping doors. The scheduling problem can be simply considered as an assignment problems with time window constraints which make possible to assign multiple trucks to one. Therefore, dock door assignment problems can be regarded as a special case of scheduling problems.

Each activity is human activity. In this dissertation, we consider not only the truck scheduling problems, but also the human (resources/employees) activities in cross dock.

Our motivations focus on the four issues as follows:

Truck sequence into doors. We try to find the solutions of the following problems: in a cross dock where the number of trucks is larger than number of doors, how to determine their sequence of inbound and outbound trucks assigned in receiving and shipping doors? What are the constraints that will influence the sequence?

Management of time. There are three operations in cross dock, unloading, sorting, and loading. We aim to determine the time period during which the goods are unloaded from the corresponding inbound truck, the time period during which the goods are transported interior cross dock, and the time during which the goods are loaded in outbound truck.

Management of resources. Resources (employees) play a real important role in cross dock. If there are not enough resources in terminal, a lot of goods cannot be shipped on time and more penalties will be paid, and if there are too many resources, certain will be wasted. In this dissertation, we try to optimize the resources required for each operation at each work station in each time period.

New method explored to study cross dock. As a graphical mathematical tool, Petri net has been widely used in many fields. However, we only find a single paper which attempt to study cross dock using Petri nets (refer to Section 1.3.1), so to explore new methods and tools for studying cross dock is another motivation.

Conclusions

In this chapter, the current literature about cross dock problems are reviewed and classified according to three decision levels. Research concerns, material flow for each problem are presented. 98 articles are analyzed according to their sources and published time. 63 articles about door assignment and scheduling problems at operational level are classified according to the solution methods proposed (exact algorithms, approximation approaches, and simulation), and 26 of them are summarized according to their characteristics. Last, the problems studied and the motivations of this dissertation are drawn.

Chapter 2 Cross dock layout and door assignment problem formulations

As explained in Section 1.3, we expect to deal with not only the cross dock door assignment problems (CDDAP), but also management of time for each operation and human resource activities at each work station. In this chapter, we first present the cross dock terminal layout where our study bases on, and then the problems in this layout are formulated.

We address a specific cross dock layout. The terminal has a rectangle physical structure, in which one receiving door faces to one shipping door. We distinguish two types of transportations in the cross dock: vertical transportations between these two face-to-face doors, and horizontal transportations between one receiving door and one shipping door which are not face-to-face. Vertical transportation is the most efficient path for all the goods from receiving door to shipping door. In real-life cases, due to the truck time window constraints or to the door capacity constraints, goods are horizontally transported within the cross dock. In this thesis, we are interested in determining the resources required to perform the horizontal transfers. Thus we can assume that the vertical transportations are automated, for example, by conveyers. Indeed, whatever the assignment of trucks to doors is, goods has to be transported from one side of the cross dock to the other. Therefore, the cost associated with the vertical transportation can be viewed as a fixed cost. At the opposite, horizontal transfers are impacted by the assignment and the associated cost must be minimized.

In this chapter, we first describe the layout of the cross dock. Goods flow and the horizontal transportation systems are presented. The layout is second detailed from its physical, operational and flow characteristics.

Third, given this layout and on the associated transportation system, the door assignment problem is formulated as a mixed integer programming (MIP) model under capacity, and scheduling constraints.

Last, the similar formulations are analyzed and compared.

Cross dock layout

In this section, we present the cross dock structure including the position of doors, the scanners, the conveyors and the storage areas. Furthermore, we precisely analyze the transportation flows within the cross dock.

In what follows, origin and supplier as well as destination and customer are interchangeable terms.

Cross dock structure

We consider a cross dock with the most popular shape, I-shape. 

Transportations

All horizontal transportations are carried on between two consecutive vertical transportations. Goods are unloaded from inbound trucks, pass through the first scanner zone, and are sorted according to their destinations. Three cases have to be considered.

If the outbound trucks for their destinations are assigned to doors at the right of the current column, they will be transferred to the first temporary storage area. If not, they will directly pass through the second scanner, and are sorted once more time. If outbound trucks for their destinations are docked at doors at the left of the current position, they are transferred to the second temporary area. If not, they are directly transferred to the shipping door. Goods in the first/second storage areas are scanned in the first/second scanner zone and sorted again.

Once these routing operations have been performed, goods are loaded in the trucks waiting at the shipping doors, and last delivered to their destinations.

One column

The following figures illustrate this routing process. The path of goods from receiving door 1 (RD1) to shipping door 3 (SD3) is presented by arrows shown in Figure 2 Vertical transportation is the most efficient path for all the goods from receiving door to shipping door. In real-life cases, due to the truck time window constraints or to the door capacity constraints, goods are horizontally transported within the cross dock. In this thesis, we are interested in determining the resources required to perform the horizontal transfers. Thus we can assume that the vertical transportations are automated, for example, by conveyers. Indeed, whatever the assignment of trucks to doors is, goods has to be transported from one side of the cross dock to the other. Therefore, the cost associated with the vertical transportation can be viewed as a fixed cost. At the opposite, horizontal transfers are impacted by the assignment and the associated cost must be minimized.

Cross dock characteristics

In this section, we describe the cross dock layout under study from its physical characteristics which cannot be changed in a short/medium time period, operational characteristics that determine the operations at the cross dock and flow characteristics that govern the goods flow within the cross dock. In the following, the relevant characteristics for each category are described.

Physical characteristics

Physical characteristics of our proposed layout are as follows:

Shape: cross dock can have various shapes which can be described by letters such as I, L, U, X… the layout of the cross dock considered is rectangle (I shape) just as the most of the cross docks, and it is symmetric.

Number of doors: the number of doors can range from tens to hundreds. There is no clear boundary between small size, medium size and large size. In the literature, the classification about the size of cross docks is relative to their research results. In our case, we assume that the number of receiving doors is equal to the number of shipping doors, and the layout is symmetric.

Transportation: we decompose the transportations in the cross dock into vertical transportations and horizontal transportations. The internal transportation is a combination mode, where the horizontal transportations are performed manually by human resources and the vertical transportations are automated by conveyors.

Operational characteristics

Operational characteristics of the cross dock can be specified from its service mode and pre-emption.

Service mode: we propose an exclusive service mode. In the cross dock under study, doors on one side of the building is exclusively dedicated to inbound trucks and the other side is to outbound trucks. These two side doors are face to face.

Pre-emption: all of the inbound trucks from suppliers are unloaded at receiving doors, and time windows of each truck are predetermined. The unloading of a truck cannot be interrupted during its unloading time, and all of the goods in this truck have to be unloaded during its arrival and departure time.

As well, all of the outbound trucks to customers are loaded in shipping doors, and time windows of each truck are predetermined. The loading process cannot be interrupted during its loading time, and all of the goods to this truck have to be loaded during its arrival and departure time.

Flow characteristics

Flow characteristics of our cross dock are specified in what follows.

Arrival pattern: the arrival times of goods are determined by the arrival times of the inbound trucks, and the loading times of goods are determined by the arrival times of their outbound trucks. The arrival pattern is scattered and the inbound/outbound trucks arrive in cross dock at different times during the day.

Depart times: the departure times of trucks are restricted. The unloading of a truck should be finished before its departure time and loading of a truck should be finished before its departure time. The departure times of inbound/outbound trucks are predetermined and trucks must leave cross dock at their restricted times. The arrival times and depart times of the trucks have a significant influence on the resource levels and schedule.

Product interchangeability: according to the cross dock management, information on destination is known before the truck arrives at the cross dock, and interchangeability of goods is not allowed.

Temporary storage: in theory, a storage area does not exist in a cross dock. However, in practice, this situation is infrequent. In the cross dock under study, there are two storage areas as shown in Figure 2-3, so goods that cannot be shipped directly are allowed to be temporarily stored.

Mathematical programming formulations

In this thesis, we focus on the cross dock door assignment problem (CDDAP) for a specific cross dock terminal under capacity and time window constraints. We are interested in optimizing the resources required to perform the horizontal transfers. The objective aims to optimize the door assignment for trucks in order to minimize the total travel distance within the cross dock and the total cost. The total cost includes the resource cost and undelivered freight penalty cost. This problem is formulated as a mixed integer programming (MIP) model.

In what follows, we first present the parameters that describe the cross dock considered, then the decision variables are defined and last a MIP model is proposed.

Parameters

The cross dock can be described by the following parameters.

-M: total number of inbound trucks (suppliers). Total number of inbound trucks is equal to total number of suppliers.

-N: total number of outbound trucks (customers). We suppose that each customer uses one truck to receive its goods from the cross dock terminal, so total number of outbound trucks is equal to the total number of customers. -I: total number of receiving doors at cross dock.

-J: total number of shipping doors at cross dock.

In what follows, we assume that due to the parallel symmetric layout of the cross dock, the number of receiving doors is equal to the number of shipping doors (I=J). We use the following notations:

m: index of inbound trucks. m∈ {1,…, M}.

n: index of outbound trucks. n ∈{1,…,N}.

i: index of receiving doors. i∈{1,…,I}.

j: index of shipping doors. j∈{1,…, J}.

Each receiving door and each shipping door are numbered according to their positions from left to right. If receiving door i and shipping door j are face to face, their indexes are equal, i.e i=j.

The goods transfers from suppliers to customers are identified by: -𝒘 𝒎𝒏 : goods quantity that is needed to be transported from supplier m to customer n.

-𝒇 𝒎 : total goods quantity delivered by supplier m which is also the total goods quantity unloaded from inbound truck m, m∈ {1,…, M}.

-𝒗 𝒏 : total goods demand by customer n which is also the total goods quantity loaded in outbound truck n, n∈ {1,…, N}.

-𝒑𝒆𝒏𝒂𝒍𝒕𝒚 𝒎𝒏 : penalty paid if goods from supplier m is not delivered to customer n.

We have the following formulas: We have, 𝑎 𝑚 < 𝑑 𝑚 , 𝑎 𝑛 < 𝑑 𝑛 , m∈ {1,…, M}, n ∈{1,…,N};

𝑓 𝑚 = ∑ 𝑤
The goods transfers within the cross dock are characterized thanks to the following parameters:

-𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝒊𝒋 : distance between receiving door i and shipping door j. We suppose that the distance between i and j is equal to abs(i-j) in what follows;

-∆𝒕 𝒊𝒋 : time to transport goods from receiving door i to shipping door j. The time varies with the distance between door i and door j; 

-
(𝑑 𝑛 ≤ 𝑎 𝑢 ), otherwise 𝑞 𝑛,𝑢 = 0, n, u ∈ {1,…, N};
Costs and velocities are associated with the resources used to unload/sort/load goods. Thus we have:

-𝒄 𝟏 : cost per resource used to unload/load at receiving door and shipping door;

-𝒄 𝟐 : cost per resource used to sort items;

-𝒑 𝟏 : unloading and loading velocity per resource per unit of time;

-𝒑 𝟐 : sorting velocity per resource per unit of time.

-𝒕 𝒈 : time instant. The arrival and departure times 𝑎 𝑚 𝑠 and 𝑑 𝑛 𝑠 are sorted in an increasing order. 𝑡 𝑔 (g=1,2,…, (M+N)) correspond to these (M+N) values and are such that 𝑡 1 < 𝑡 2 < ⋯ < 𝑡 (𝑀+𝑁) ;

We suppose that horizontal transportations are performed manually by resources, the number of which has to be determined. This leads us to define the velocity per resource.

If the transportations are automated, the velocity corresponds to the processing capacity per unit time for conveyors.

Decision variables

To model the cross dock door assignment problem addressed, we define two types of decision variables. We have variables associated with the assignment of trucks to doors and variables for resource requirements.

-𝑥 𝑚𝑖 = 1 if inbound truck m is assigned to receiving door i, otherwise 𝑥 𝑚𝑖 = 0, m∈ {1,…, M}, i∈{1,…,I}; Due to the cross dock structure, we have ∀𝑖 ∈ {1, … , 𝐼 -1}, 𝑘 𝑖,𝑖+1 ≠ 0, and 𝑘 𝑖𝑗 = 0, otherwise. Indeed, resources are assigned to horizontal transportations between consecutive doors.

-𝑦 𝑛𝑗 = 1 if

Formulation

The model, we propose, is as follows:

𝑀𝑖𝑛 (𝑀 𝐺 * (∑ ∑ 𝑐 1 * 𝑘 𝑖𝑗 𝑗=𝑖+1 𝐼-1 𝑖=1 + ∑ 𝑐 2 𝑟 𝑖 𝐼 𝑖=1 + ∑ 𝑐 2 𝑠 𝑗 𝐽 𝑗=1 + ∑ (∑ 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚𝑛 * 𝑤 𝑚𝑛 𝑛 𝑛=1 𝑀 𝑚=1 * (1 -∑ ∑ 𝑞 𝑚𝑛𝑖𝑗 * 𝑧 𝑖𝑗𝑚𝑛 𝐽 𝑗=1 𝐼 𝑖=1 ))) + ∑ ∑ ∑ ∑ 𝑤 𝑚𝑛 * 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑗 * 𝑧 𝑖𝑗𝑚𝑛 𝐽 𝑗=1 𝐼 𝑖=1 𝑁 𝑛=1 𝑀 𝑚=1
) ;

( 2 -1 ) Subject to:

∑ 𝑥 𝑚𝑖 ≤ 1 𝐼 𝑖=1 , 𝑚 ∈ {1, … , 𝑀}, 𝑖 ∈ {1, … , 𝐼}; ( 2 -2 ) ∑ 𝑦 𝑛𝑗 ≤ 1 𝐽 𝑗=1
, 𝑛 ∈ {1, … , 𝑁}, 𝑗 ∈ {1, … , 𝐽};

( 2 -3 )

𝑧 𝑖𝑗𝑚𝑛 ≤ 𝑥 𝑚𝑖 ;
( 2 -4 )

𝑧 𝑖𝑗𝑚𝑛 ≤ 𝑦 𝑛𝑗 ; 2 -5 )
𝑧 𝑖𝑗𝑚𝑛 ≥ 𝑥 𝑚𝑖 + 𝑦 𝑛𝑗 -1;

( 2 -6 ) ( 2 -11 )

𝑓
The objective function combines two functions. The first function (2-12) is the total cost which includes the resource cost and the penalty generated by delivery delays. The first term is the resource cost for horizontal transportations, the second term is the resource cost for unloading operations, the third term is the resource cost for loading operations, and the last term is penalty paid for the undelivered goods. The second function (2-13) is the total weighted travel distance.

∑ ∑ 𝑐 1 * 𝑘 𝑖𝑗 𝑗=𝑖+1 𝐼-1 𝑖=1 + ∑ 𝑐 2 𝑟 𝑖 𝐼 𝑖=1 + ∑ 𝑐 2 𝑠 𝑗 𝐽 𝑗=1 + ∑ (∑ 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚𝑛 * 𝑤 𝑚𝑛 𝑛 𝑛=1 𝑀 𝑚=1 * (1 -∑ ∑ 𝑞 𝑚𝑛𝑖𝑗 * 𝑧 𝑖𝑗𝑚𝑛 𝐽 𝑗=1 𝐼 𝑖=1
)) ; ( 2 -13 )

In order to aggregate these two terms in a hierarchical manner, we introduce a factor 𝑀 𝐺 which is set to: ( 2 -14 )

𝑀 𝐺 = ∑ ∑ ∑ ∑
In fact, the total weighted travel distance represents the total workload in the cross dock.

With the objective function (2-1), not only the total cost is minimized, but also the total workload in cross dock is minimized.

The constraints of the problems have the following meanings:

Constraints (2-2) ensure that each inbound truck is not assigned to more than one receiving door.

Constraints (2-3) state that each outbound truck is not assigned to more than one shipping door.

Constraints (2-4) (2-5) (2-6) correspond to the linearization of the expression: 𝑧 𝑖𝑗𝑚𝑛 = 𝑥 𝑚𝑖 * 𝑦 𝑛𝑗 .

Constraints (2-7) specify that goods for inbound truck m have to be unloaded during the period (𝑑 𝑚 -𝑎 𝑚 ) at the receiving door where truck m is present. This constraint leads to determine the number of resources to unload.

Constraints (2-8) specify that goods for outbound truck n have to be loaded during the period (𝑑 𝑛 -𝑎 𝑛 ) at the shipping door where truck n is present. Through this constraint, the number of resources for loading operations can be determined.

Constraints (2-9) ensure that a receiving door cannot be occupied by more than one inbound truck at a given time.

Constraints (2-10) state that a shipping door cannot be occupied by more than one outbound truck at the same time.

Constraints (2-11) are related to the control of the horizontal transportation process. They make sure that total quantity of goods transferred between two consecutive columns cannot exceed the sorting capacity. In this constraint, each receiving door i with its connected shipping door j (j=i) is viewed as a column. Cross dock is composed of as many columns, as receiving doors I. For each column i (1<=i<I), there are resources between column i and i+1, and these resources take charge of moving goods unloaded in column l (1<=l<=I) to column j (I>=j>=i+1). At the same time, they are also in charge of carrying goods unloaded in column j (i+1<=j<=I) to column l (1<=l<=I). Since the quantity of goods depends on the time windows of incoming trucks and outgoing trucks, the time is divided into several time intervals according to 𝑡𝑔, and quantity of resources needed during each interval is computed. At each time period 𝑡𝑔, the condition on m (𝑎 𝑚 ≤ 𝑡𝑔, 𝑑 𝑚 ≥ 𝑡𝑔) ensures to compute the quantity of goods that arrives before 𝑡𝑔 and leaves after 𝑡𝑔. The condition on n (𝑑 𝑛 ≥ 𝑡𝑔, 𝑑 𝑛 ≥ 𝑎 𝑚 + ∆𝑡 𝑙𝑗 ) is to make sure that all goods from inbound truck m are loaded on outbound trucks that leave after 𝑡𝑔.

The problem formulated in this section can denoted as [{E}|𝑟 𝑗 , 𝑑 𝜆=𝑗 ,𝑡 𝑖0 ,fix}|∑(𝑤 𝑝 )𝑆 𝑝 ] in terms of the classification standard 𝛼|𝛽|𝛾 introduced by Boysen and Fliedner (2010).

Comparisons with similar formulations

In this thesis, we focus on the CDDAP for the specific cross dock terminal under capacity and time window constraints. We are interested in determining the resources required to perform the horizontal transfers. In this section, we present some existing similar formulations and compare them.

Ross and Soland define the Generalized Assignment Problem (GAP) in 1975 [START_REF] Guignard | Algorithms for the Cross-dock Door Assignment Problem[END_REF]. The model is shown below:

𝑀𝑖𝑛 ∑ ∑ 𝑐 𝑖𝑚 𝑧 𝑖𝑚 𝐼 𝑖=1 𝑀 𝑚=1 ;
( 2 -15 )

Subject to:

∑ 𝑎 𝑖𝑚 𝑧 𝑖𝑚 ≤ 𝑏 𝑖 , 𝑀 𝑚=1 𝑖 = 1,2, … , 𝐼;
( 2 -16 )

∑ 𝑧 𝑖𝑚 = 1 𝐼 𝑖=1 , 𝑚 = 1,2, … , 𝑀;
( 2 -17 )

𝑧 𝑖𝑚 = 1 if resource i is assigned to task m, otherwise 0;
𝐶 𝑖𝑚 is the cost of assigning resource i to task m, 𝑎 𝑖𝑚 is the amount of capacity employed by resource i to execute task j, 𝑏 𝑖 is the capacity available for resource i.

In this model, the objective is to decide the assignment to minimize the total cost under capacity constraints (2-16) which state that total tasks assigned to resource do not exceed its capacity, and assignment constraints (2-17) ensure that each task is assigned to only one resource.

Several variants of the CDDAP have been addressed in the literature. Some of them can be viewed as extension of the Generalized Assignment Problem (GAP).

The formulations of the CDDAP by Louis and [START_REF] Tsui | A microcomputer based decision support tool for assignment dock doors in goods yards[END_REF] and Bermudez and Cole (1999) are given below:

Let us define:

𝑥 𝑚𝑖 = 1 if origin m is assigned to receiving door i, otherwise 0;

𝑦 𝑛𝑗 = 1 if destination n is assigned to shipping door j, otherwise 0;

𝑀𝑖𝑛 ∑ ∑ ∑ ∑ 𝑑 𝑖𝑗 𝑤 𝑚𝑛 𝑥 𝑚𝑖 𝑦 𝑛𝑗 𝑁 𝑛=1 𝑀 𝑚=1 𝐽 𝑗=1 𝐼 𝑖=1 ;
Subject to:

( 2 -18 )

∑ 𝑥 𝑚𝑖 𝑀 𝑚=1 = 1, 𝑖 = 1,2, … , 𝐼; ( 2 -19 ) ∑ 𝑥 𝑚𝑖 𝐼 𝑖=1 = 1, 𝑚 = 1,2, … , 𝑀; ( 2 -20 ) ∑ 𝑦 𝑛𝑗 𝑁 𝑛=1 = 1, 𝑗 = 1,2, … , 𝐽; ( 2 -21 ) ∑ 𝑦 𝑛𝑗 𝐽 𝑗=1 = 1, 𝑛 = 1,2, … , 𝑁; ( 2 -22 )
Where M is number of origins, N is number of destinations, I is number of receiving door, J is number of shipping door, 𝑤 𝑚𝑛 is number of forklift trips required to move items originated from m to cross dock door where the truck for destination n is docked. 𝑑 𝑖𝑗 is the distance between door i and j.

They work on a total manual cross dock, and their objective is to minimize the total forklift travel distance. Constraints (2-19) ensure that each receiving door is assigned to only one origin, Constraints (2-20) state that each origin gets assigned only one receiving door, Constraints (2-21) indicate that each shipping door is assigned to only one destination and Constraints (2-22) ensure that each destination gets assigned only to one shipping door. These four constraints are assignment constraints which say that the number of suppliers must be equal to number of receiving doors and the number of customers must be equal to the number of shipping doors.

However, in many practical, each receiving door can be assigned to more than one origin, and each shipping door can also be assigned to more than one destination. [START_REF] Zhu | New Approach for the Cross-Dock Door Assignment Problem[END_REF] ( 2 -24 )

In both formulations above, the number of trucks cannot exceed the number of doors, because they do not take into account the sequence of trucks that are assigned at the same door. Lim et al. (2006) bring in time windows of trucks. Each truck has an arrival time at the cross dock and a departure time from the cross dock. Trucks have to be assigned according to their time windows associated with the time periods they are docked at the terminal. The number of trucks can exceed the number of doors and two trucks cannot be assigned to the same door when their time windows overlap. The objective is also to minimize the total travel distance between docks under the assignment constraints taking into account time windows constraints. In their formulations, they suppose that each door can be used as a receiving door or as a shipping door, which means if an inbound truck assigned to this door, this door is used as a receiving door, and if an outbound truck assigned to it, this door is considered as a shipping door. Once a truck leaves, the door is free, and it can receive either inbound trucks or outbound trucks. They also suppose that there is a door with infinite capacity can be used when all other docks are occupied.

We define: In this formulation, all trucks have to be processed. The same year, Lim et al. (2006) improve their formulations. The main idea is that if there is no available door for some trucks with respect to their time windows, these trucks can be unassigned and a penalty is paid. They use constraints (2-31) instead of constraints (2-26). The objective is to minimize the total operational cost which includes the total time cost and the penalty cost. They add a new constraint (2-32). Actually, this constraints (2-32) is not correct, and we discuss this issue at the end of the presentation. ( 2 -30 )

𝑥 𝑚𝑖 = 1 if

𝑀𝑖𝑛 ∑ ∑ ∑ ∑ 𝑐

∑ 𝑥 𝑚𝑖 𝐼 𝑖=1 ≤ 1, 𝑚 = 1,2, … , 𝑀;
( 2 -31 )

𝑤 𝑚𝑛 𝑧 𝑚𝑛𝑖𝑗 (𝑑 𝑛 -𝑎 𝑚 -𝑡 𝑖𝑗 ) ≥ 0; 𝑚, 𝑛 ∈ 1, … 𝑀; 𝑖, 𝑗 ∈ 1, … 𝐼;

( 2 -32 ) [START_REF] Miao | Applying an adaptive tabu search algorithm to optimize truck-dock assignment in the crossdock management system[END_REF] modify somehow the formulations by Lim et al. (2006). In their formulations, the service mode is exclusive. Each door is either a receiving door or a shipping door. They do not consider the capacity constraints. The objectives and the constraints are kept same.

Let us define:

𝑥 𝑚𝑖 = 1 if origin m is assigned to strip door i, otherwise 0;

𝑦 𝑛𝑗 = 1 if destination n is assigned to stack door j, otherwise 0;

𝑞 𝑚ℎ = 1 if inbound truck m departs no later than inbound truck h, otherwise 0; ( 2 -34 )

𝑞 𝑛𝑢 = 1 if
∑ 𝑦 𝑛𝑗 𝐽 𝑗=1 ≤ 1, 𝑛 = 1,2, … , 𝑁; ( 2 -35 )
2𝑧 𝑖𝑗𝑚𝑛 ≤ 𝑥 𝑚𝑖 + 𝑦 𝑛𝑗 ;

(2 -36 )

2(𝑞 𝑚,ℎ + 𝑞 ℎ,𝑚 ) ≥ 𝑥 𝑚𝑖 + 𝑥 ℎ𝑖 -1, m, h∈ [1,…, M], m≠h ; ( 2 -37 ) 2(𝑞 𝑛,𝑢 + 𝑞 𝑢,𝑛 ) ≥ 𝑦 𝑛𝑗 + 𝑦 𝑢𝑗 -1, n, u ∈[1,…, N] , n≠u ; ( 2 -38 ) 𝑤 𝑚𝑛 𝑧 𝑚𝑛𝑖𝑗 (𝑑 𝑛 -𝑎 𝑚 -𝑡 𝑖𝑗 ) ≥ 0; 𝑚 ∈ 1, … 𝑀; 𝑛 ∈ 1, … 𝑁; 𝑖 ∈ 1, … 𝐼; 𝑗 ∈ 1, … 𝐽 ;
( 2 -39 )

In the formulations by Lim et al. (2006), [START_REF] Miao | Truck dock assignment problem with operational time constraint within crossdocks[END_REF] and [START_REF] Miao | Applying an adaptive tabu search algorithm to optimize truck-dock assignment in the crossdock management system[END_REF], the function to compute penalty paid overestimates it. Using the notations introduced, the penalty paid is computed as: ( 2 -40 )

𝑤 𝑚𝑛 𝑧 𝑚𝑛𝑖𝑗 (𝑑 𝑛 -𝑎 𝑚 -𝑡 𝑖𝑗 ) ≥ 0; 𝑚 ∈ 1 … 𝑀; 𝑛 ∈ 1 … 𝑁; 𝑖 ∈ 1 … 𝐼; 𝑗 ∈ 1 … 𝐽;
( 2 -41 ) Constraints (2-41) indicate whether or not the goods from inbound truck m to outbound truck n are transferred and whether or not the penalty is paid. However, the penalties paid are overestimated. We explain why using the following example.

We consider two inbound trucks 𝑚 1 , 𝑚 2 and two outbound trucks 𝑛 1 , 𝑛 2 . Time windows are as follows: We suppose w mn > 0 for all 𝑚, 𝑛, ∆𝑡 𝑖𝑗 = 0 for all 𝑖, 𝑗. We also suppose that there are available doors for these four trucks to get assigned.

𝒎
We have:

𝑑 𝑛 1 -𝑎 𝑚 1 -𝑡 𝑖𝑗 > 0; 𝑑 𝑛 1 -𝑎 𝑚 2 -𝑡 𝑖𝑗 < 0; 𝑑 𝑛 2 -𝑎 𝑚 1 -𝑡 𝑖𝑗 > 0; 𝑑 𝑛 2 -𝑎 𝑚 2 -𝑡 𝑖𝑗 > 0;
There is enough time to transfer goods from 𝑚 1 to 𝑛 1 , 𝑛 2 , and from 𝑚 2 to 𝑛 2 , while there is not enough time to transfer goods from 𝑚 2 to 𝑛 1 , so the total penalty is:

𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚 2 ,𝑛 1 .
With constraint (2-40) and function (2-41), we have:

Since 𝑤 𝑚 2 𝑛 1 > 0, and 𝑑 𝑛 1 -𝑎 𝑚 2 -𝑡 𝑖𝑗 < 0, 𝑧 𝑚 2 𝑛 1 𝑖𝑗 = 𝑥 𝑚 2 𝑖 * 𝑦 𝑛 1 𝑗 = 0, which means 𝑥 𝑚 2 𝑖 = 0 or 𝑦 𝑛 1 𝑗 = 0, for all 𝑖, 𝑗.

If 𝑥 𝑚 2 𝑖 = 0, for all 𝑖, truck 𝑚 2 cannot be assigned (𝑧 𝑚 2 𝑛 2 𝑖𝑗 = 𝑥 𝑚 2 𝑖 * 𝑦 𝑛 2 𝑗 = 0). The goods from truck 𝑚 2 to truck 𝑛 2 cannot be delivered, and the total penalty is 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚 2 ,𝑛 1 + 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚 2 ,𝑛 2 .

If 𝑦 𝑛 1 𝑗 = 0, for all 𝑗, truck 𝑛 1 cannot be assigned (𝑧 𝑚 1 𝑛 1 𝑖𝑗 = 𝑥 𝑚 1 𝑖 * 𝑦 𝑛 1 𝑗 = 0), and therefore, goods from truck 𝑚 1 to truck 𝑛 1 cannot be delivered. The total penalty is 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚 2 ,𝑛 1 + 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚 1 ,𝑛 1 .

In total, the total penalty paid is overestimated by 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚 2 ,𝑛 2 and 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚 1 ,𝑛 1 .

To obtain the correct penalty, we need define a parameter 𝑞 𝑚,𝑛,𝑖,𝑗 to evaluate whether or not there is the delivery of goods from inbound truck m received at door i to outbound truck n stationed at door j. The penalty term is formulated as in function (2-12) which corrects the overestimate of previous formulations.

Conclusions

In this chapter, we consider a specific cross dock layout and study the dock door assignment problem under the capacity and time windows constraints for this layout.

The problem is formulated as a MIP model. The comparison of proposed and similar formulations is listed is Table 2-1 and 2-2. Compared to the formulations that already existed, our formulations present several improvements. The main advantages are as follows:

-The unloading, horizontal transportation and loading operations are formulated with unloading, transfer and loading velocity. The time and resources required for each operation are considered. -The objective is not only to minimize the total operation cost and penalty cost, but also simultaneously, the travel distance is minimized. Chapter 3 Genetic algorithm and computational results

Proposed

Various methods have been proposed to solve the CDDAP. The most frequently-used exact approach is based on Branch and Bound (B&B) methods, which is no longer efficient as the problem size grows. There are a large number of heuristics that are applied to the solution of the CDDAP. In this chapter, we propose a genetic algorithm (GA). The main challenge is that infeasible solutions are encountered in the course of the search. In this chapter, two algorithms to repair infeasible chromosomes are developed: the first one directly unassign the infeasible trucks, while the second one attempts to reassign the infeasible trucks.

The algorithms were implemented in C++. Three classes of instances varying from 4-4-3-3 to 28-28-12-12 (supplier number -customer number -receiving door numbershipping door number) are generated to evaluate the performance of the algorithms.

In this chapter, first, we present the basic concept of GA, and the challenges met. Then the representation of solutions and the principal components of the GA are specified, and two gene repair algorithms are detailed. Last, the efficiency of GA is assessed.

Genetic algorithm introduction

A genetic algorithm (GA) is a search heuristic that mimics the process of natural evolution.

All living organisms consist of cells, and each cell contains the same set of one or more chromosomes-strings of DNA. A chromosome can be conceptually divided into genes-each of which encodes a particular protein. A gene is an encoding of a trait, such as eye color. Each gene is located at a particular position on the chromosome.

Many organisms have multiple chromosomes in each cell. The complete collection of genetic material (all chromosomes taken together) is called genome of the organism.

The term genotype refers to the particular set of genes contained in a genome. Two individuals that have identical genomes are said to have the same genotype. The genotype gives rise, under fetal and later development, to the phenotype of the organism -its physical and mental characteristics, such as eye color, height, brain size, and intelligence.

Organisms whose chromosomes are arrayed in pairs are called diploid. Organisms whose chromosomes are unpaired are called haploid. In nature, most sexually reproducing species are diploid, including human beings, who each have 23 pairs of chromosomes in each cell. During sexual reproduction, crossover occurs: genes are exchanged between each pair of chromosomes to form a gamete (a single chromosome), and then gametes from the two parents pair up to create a full set of diploid chromosomes. In haploid sexual reproduction, genes are exchanged between the two single-strand chromosomes of the parents. Offspring are subject to mutation, in which single nucleotides (elementary bits of DNA) are changed from parent to offspring. The changes often result from copying errors. The fitness of an organism is typically defined as the probability that the organism will live to reproduce (viability) or as a function of the number of offspring the organism has (fertility).

Genetic algorithms were introduced by John Holland in 1975. They have been widely applied in supply chain management, transportation and logistics for problem optimization, such as the bin packing problem and the line balancing problem (Falkenauer and Delchambre, 1992), optimization of supply chain networks [START_REF] Altiparmak | A genetic algorithm approach for multi-objective optimization of supply chain networks[END_REF], dynamic facility layout problem (Pourvaziria and Naderi, 2014).

In genetic algorithms, the term chromosome typically refers to a candidate solution to the problem. The genes encode a particular element of the candidate solution. Crossover typically consists of exchanging genetic material between two single chromosome haploid parents. Mutation consists of changing gene value at a randomly chosen locus. Genetic algorithms assume that high-quality "parent" candidate solutions may be combined via crossover to produce high-quality "offspring" candidate solutions. The quality of solutions is evaluated by the fitness function which is connected with the objective of the optimization problem.

The framework of the classical genetic algorithm is shown in Figure 3-1. In classical genetic algorithms, all of the chromosomes (solutions) must be feasible. In many cases, because of the problem characteristics and of the random nature of GA, infeasible solutions can be encountered in the course of the search. The infeasible solutions need to be repaired.

In the problem addressed, one receiving door cannot be occupied by more than one inbound trucks at a given time, and one shipping door cannot be occupied by more than one outbound truck at the same time. While in genetic algorithm, the initial population is randomly generated and these initial solutions may not be compatible with these two constraints. Thus, we developed two gene repair algorithm to repair the infeasible chromosomes in the random generated initial population, as well as the chromosomes generated by crossover and mutation operators. 

Genetic algorithm components

In this section, we specify the principal components in GA. With the components defined, we draw the GA frameworks.

GA representation

The first step of designing genetic algorithm is to create the genetic representation.

Chromosomes: A chromosome is a solution. This representation of the solution depends on the nature of the problem mostly. A chromosome is also called an individual which is grouped by set of genes.

In our case, one chromosome is associated with one permutation of dock door index, which represents one possibility of dock door assignment for the trucks. A chromosome contains M+N genes where M is total number of inbound trucks, and N is total number of outbound trucks. Values of genes 1 to M are equal to receiving door indices which represents the receiving door assignment for inbound trucks. Values of genes M+1 to M+N are equal to the shipping door indices which represents shipping door assignment for outbound trucks. The gene value is set to 0 when there is no door available for the associated truck.

For example, we consider 5 suppliers, 3 customers, 3 receiving doors and 3 shipping doors.

Truck ID 1 2 3 4 5 6 7 8 Chromosome 1 3 2 0 3 1 3 3 2 Chromosome 2 2 1 3 1 2 2 1 1
In this example, chromosome 1 represents that inbound trucks from suppliers 1 and 4 are assigned to receiving doors 3, inbound truck from supplier 2 is assigned to receiving door 2, inbound truck from supplier 5 is assigned to receiving door 1 and outbound trucks to customer 6 and 7 are assigned to shipping door 3, outbound truck to customer 8 is assigned to shipping door 2. The gene value 0 represents that there is no door available for the trucks. At the same way, chromosome 2 represents that inbound truck 2 and 4 are assigned to receiving door 1, inbound truck 1 and 5 are assigned to receiving door 2, inbound truck 3 is assigned to receiving door 3, and outbound truck 7 and 8 are assigned to shipping door 1, outbound truck 6 is assigned to shipping door 2.

Population:

In genetic algorithms, all the chromosomes (individuals) used in one iteration is called one population, and a population is grouped by set of chromosomes.

The population size affects the performance and the efficiency of GA. GA generally performs poorly with very small populations, because the population provides an insufficient sample size. However, a large population requires more evaluations per generation, possibly resulting in an unacceptably slow rate of convergence [START_REF] Grefenstette | Genetic Algorithms[END_REF]. Generally, the population size ranges from several hundreds to thousands.

Initial population:

The initial population is frequently randomly generated, and this initial 'seed' cannot, however, contain invalid individuals, which means that we must find a way to generate a solution which is both random and compliant with the assignment constraint(s).

In our proposed genetic algorithms, the initial population results from a two-phase procedure. First, chromosomes are randomly generated. Next, since some individuals can be invalid, we apply the two methods, explained in Section 3.3 to obtain feasible assignments.

We assume that if there is no available door for a truck, then the corresponding gene value of this truck is set to 0. In the random initial population, no gene is valued 0, which means that we do not put 0 into the random range. This is motivated as follows: our objective is to make as many as possible trucks be assigned, so in the initial population, we can suppose that all of the trucks are assigned. If certain trucks cannot be assigned, which means chromosomes are infeasible in the random initial population, these infeasible solutions will be repaired by the repair operators, which make the whole initial population be feasible.

Generation: Each iteration of the algorithm corresponds to one generation. In each generation, chromosomes are selected from a population and combined to produce new chromosomes. These new chromosomes form a new population which replaces the previous one, and the new population is hoped to perform better than the old one. Tis process continues like this until the genetic algorithm reaches the stopping criterion.

GA operators

The GA operators classified according to the level which they work at are listed in Table 3-1. 

Gene repair Stopping criterion

The operators except gene repair in genetic algorithms are defined by Mladen Jankovic in 2012. Our implementation of GA involves the following operators:

Fitness: The quality of the produced solutions (chromosomes) is evaluated by fitness function. Fitness value may be determined by an objective function or by a subjective judgment specific to the problem [START_REF] Abuiziah | A Review of Genetic Algorithm Optimization : Operations and Applications to Water Pipeline Systems[END_REF].

In our implementations, we use the objective function, which is to minimize the weighted sum of the total cost (resource cost and penalty cost) and the total travel distance, as the fitness evaluation function. From a chromosome, which is a permutation of door assignment, the resource number to unload, sort and load can be computed by constraint (2-7), (2-11), (2-8), and different door assignment leads to different penalty and different travel distance. Thus, the quality of a chromosome can be evaluated by the objective function.

Our objective is to minimize the fitness value. The smaller the fitness is, the better the solution is.

Selection:

The selection mainly works at the level of chromosomes. This operator aims to choose parents. Selection is an important step because the following offsprings depend on the parents selected [START_REF] Arora | Design of a Production System Using Genetic Algorithm[END_REF]. Generally, selection is based on the fitness value. The coupled chromosomes can be chosen randomly, or according to the fitness values. Some authors propose to select chromosomes according to probabilities according to fitness values.

For our proposed GA, we select randomly more parents than the desired selection size.

Then we consider the subset obtained by keeping only the best parents.

Crossover: Genetic algorithms explore new chromosomes by combing existing chromosomes. This operation is called crossover. With this operator, the selected parents are recombined to produce children.

We introduce several strategies with which the selected chromosomes are paired. The first strategy, as illustrated in Figure 3-2a, is to take the first two parents from selection result set to produce two offspring chromosomes, then we take the next two parents, etc. The second one is illustrated in Figure 3 Mutation: Once a crossover operation has been performed, mutation operator is applied. Random and small changes made by mutation operation which can extend the search space and prevent that all of the solutions fall into a local optimum.

The mutation operator performs on genes. This operator is defined to choose randomly two blocks of genes in a chromosome, and swap their positions.

For example, we define that the maximal number of genes in a block that is swapped is equal to 2, we may have:

Origin chromosome 3 2 0 3 1 3 3 2 New chromosome 3 3 3 1 3 2 0 2
In our problem, the total quantity of receiving doors is equal to the total quantity of shipping doors (I=J), that means the scope of all the gene values is equal. So the "swap" between the genes from 1 to M and the genes from M+1 to M+N is reasonable.

Mutation and crossover operators are performed according to a probability (crossover probability and mutation probability), which means that these two operations are not always performed. When crossover is not performed, one of the parents is copied to produce the new chromosomes. The values of the crossover probability and of the mutation probability influence the performance of genetic algorithm.

Gene repair:

Due to assignment constraints, some chromosomes generated by crossover and mutation operators are infeasible. We detail two gene repair methods in Section 3.3.

Population update: in classical GAs, after the mutation operator, offspring chromosomes form a new population and replace the previous one, and the population is updated. For our problem, the population is updated after the gene repair operators. In population update, the new population can replace the entire previous one or it can replace only a part of chromosomes. The chromosomes that are replaced can be selected randomly, or we can choose to replace the best/worst chromosomes.

In our implementation, to form a new population, a few chromosomes in current population are replaced by offspring chromosomes, and the best chromosome(s) from the current generation are kept to the next generation, which corresponds to apply an elitism strategy.

Stopping criterion:

At the end of each generation, the genetic algorithm checks the stopping criterion to control where to stop. The stopping criterion can be a max generation number, a max operation time, or the best fitness of the chromosome.

In our implementation, the stopping criterion is as follows: if the algorithm fails to produce an improvement of the fitness value after a defined number of generations, the algorithm stops.

Gene repair algorithms

In this section, two methods are proposed to repair the infeasible chromosomes. We aim to eliminate the conflict between any two trucks. The conflict includes that two trucks assigned in the same door have overlapping in time windows.

There are two parts in each chromosome: the part for the receiving door assignment (1, …, M) and the other part for shipping door assignment (M+1,…, M+N). In the two gene repair algorithms, these two parts of genes are separately repaired.

Gene repair method GA01

The first gene repair method, noted GA01, makes the infeasible trucks unassigned. It is similar with the method presented in article by Lim et al. (2006). The difference is that for each chromosome through the crossover and mutation operators, Lim et al. (2006) directly define a sequence of genes as the 'infeasible region' and remove the trucks presented in the 'infeasible region' from assignment. In GA01, we check the gene one by one to search for infeasible trucks.

The method to repair receiving door assignment in GA01 is presented in Algorithm 1. We denote that for inbound trucks m, ℎ ∈ [1 ,…, M], their corresponding gene values are 𝑥 𝑚 , 𝑥 ℎ .

For all of inbound trucks which are numbered from 1 to M, we check for each truck m∈[1, M], if there are any trucks h (h∈[m+1,M]) which is in conflict with truck m. If yes, truck m changes its origin door and is forced to be unassigned, and its gene value is set to 0, otherwise, truck m keeps its origin door (gene value).

For each inbound truck m, the times for checking are (M-m). Using the checking order defined in our algorithms, repeated computation is avoided.

Algorithm 1 Gene repair for receiving door assignment in GA01 The same strategy is used to repair the part of chromosomes associated with the shipping door assignment.

We explain this gene repair algorithm using the following example: we consider 4 inbound trucks and 3 receiving doors. For inbound truck 1, we check trucks from 2 to 4 if they have conflict with 1. We can see that truck 2 and 4 which are at different doors do not have conflict with 1, and truck 3 is in the same door with truck 1. Then we check their time windows. Since there is an overlapping in their time windows, we change the gene value of truck 1 into 0. Then for truck 2, we need only to check whether truck 3 and 4 have conflict with truck 2, since conflict between truck 1 and truck 2 has been checked previous. Truck 3 and 4 do not have conflict with it and gene value of truck 2 is kept. There is no conflict between truck 3 and 4, and their gene values are kept. We obtain the new feasible chromosome.

Gene repair method GA02

The second gene repair algorithm is noted GA02. The main idea behind GA02 is to try to reassign the infeasible trucks.

First, for each infeasible truck, we identify the set of trucks which has conflict with it in time windows. Then according to each conflict set, we identify the set of doors in which each truck can be assigned. Last, in the set of doors, we determine the door in which each infeasible truck can be assigned.

Precisely, we denote inbound trucks m , ℎ ∈ [1 ,…, M], their corresponding gene value𝑠 𝑥 𝑚 , 𝑥 ℎ , 𝐷 𝑖 the receiving door set to which inbound truck i can be assigned (i=h, m), as well as 𝑠 𝑖 the truck set which is incompatible with truck i (i=h, m), and 𝑆 the list of the incompatible truck set.

The detailed algorithm is presented in Algorithm 2. First, we determine 𝑠 𝑚 the set of trucks which are incompatible with inbound truck m, and we insert 𝑠 𝑚 in the list S.

Note that the conflict subset 𝑠 𝑚 only need to be checked for all of the trucks with an index larger than m. Thus 𝑠 𝑚 sets are identified (M-m) times.

If S is not empty, for each inbound truck m with 𝑠 𝑚 in S, we identify the set of doors (𝐷 𝑚 ) to which the inbound truck m can be assigned. The strategy at this step, shown in Algorithm 5, is that we first initialize 𝐷 𝑚 as the entire door set {1, …, I}, where I is the total number of receiving doors. Then from the entire set, we eliminate the doors that have been assigned by the trucks which are incompatible with m.

Then End if We illustrate GA02 with the example used previously for GA01.

The first step is to find set of trucks that have overlapping in time windows. In this example, the set S is {{1, 3}, {3, 4}}, which means for 1 and 3 (first element in each sub-set), there are trucks have conflict with respect to time windows with them. s 2 and s 4 are not in S, so truck 2 and 4 keeps their origin gene values.

Since S is not empty, we check for truck 1, where s 1 ∈S, the set of doors that truck 1 can be assigned to is D1 = {1, 3}. The original gene value of truck 1 is not in D1 (because truck 3 is at door 2). For truck 3, where s 3 ∈S, the set of doors that truck 3 can get assigned is D3 = {2, 3} (because truck 4 is at door 1). D1≠Ø and size (D1)=2, so gene value of truck 1 can be randomly selected between {1, 3}, and here we suppose that door 3 is selected.

We eliminate door 3 from D3 (3∈s 1 and s 3 ∈S) and for truck 3, set of doors that it can get in is D3={2}. Gene value of IT3 is determined to 2.

The chromosome after applying the operator GA02 is:

Truck ID 1 2 3 4 Origin chromosome 2 3 2 1 New feasible chromosome 3 3 2 1
The same strategy is used to repair the part of chromosomes associated with the shipping door assignment.

GA frameworks

With the components defined in Section 3.2 and 3.3, we provide the GA frameworks in Figure 3-3.

Two features of our GA need to be underlined:

-The initial population results from a two-phase procedure. First, chromosomes are randomly generated. Next, since some individuals can be invalid, we apply the two methods, explained in Section 3.3, to obtain a feasible assignment.

-Through the crossover and mutation operators, certain infeasible chromosomes are generated in each population. We apply the gene repair methods to repair the infeasible offspring chromosomes. 

Branch and Bound algorithm

By far, Branch and Bound (B&B) is the most widely used method for solving constrained optimization problems, and this method is applied to a variety of problems such as minimizing the total weighted completion time in a job scheduling problem [START_REF] Nessah | A branch-and-bound algorithm to minimize total weighted completion time on identical parallel machines with job release dates[END_REF], asymmetric Travelling Salesman Problem [START_REF] Miller | Results from a parallel branch and bound algorithm for the asymmetric traveling salesman problem[END_REF], and assembly line worker assignment and balancing problem [START_REF] Vilà | A branch-and-bound algorithm for assembly line worker assignment and balancing problems[END_REF].

The original branch and bound algorithm is proposed by [START_REF] Land | An automatic method of solving discrete programming problems[END_REF]. A branch and bound algorithm consists of a systematic enumeration of candidate solutions by means of state space search: the set of candidate solutions is thought as forming a rooted tree. The algorithm explores branches of this tree, which represent subsets of the solution set. Initially only the root exists, and one iteration of a classical B&B algorithm processes one such node which represents an unexplored subspace. Before enumerating the candidate solutions of a branch, the branch is checked against upper and lower estimated bounds on the optimal solution, and is discarded if it cannot produce a better solution than the best one found so far by the algorithm. So the iteration has three main components: selection of the node to process, bound calculation, and branching. The search terminates when there are no unexplored parts of the solution space left. [START_REF] Clausen | Branch and Bound Algorithms -Principles and Examples[END_REF] explains three strategies to select the node: best first search strategy which is to always select one of those live sub-problems with the lowest bound; breath first search strategy in which all nodes at one level of the search tree are processed before any node at a higher level; depth first search strategy in which a live node with largest level in the search tree is chosen for exploration. For the bound function, the author proposes to use one that is as strong as possible in order to keep the size of the search tree as small as possible.

Computational results

After describing the main mathematic algorithms designed, we implement these two algorithms in visual studio 2010. The MIP model is also implemented with CPLEX 12.5 and the standard Branch and Bound algorithm is executed. The computational results are reported in this section, and the performance of genetic algorithms are evaluated.

Test instances generations

The test instances are generated with random number generator using the rules described in [START_REF] Miao | Applying an adaptive tabu search algorithm to optimize truck-dock assignment in the crossdock management system[END_REF]. Four parameters are required: inbound trucks number (M), outbound truck number (N), receiving door number (I) and shipping door number (J), where M, N, I, J are integer, and I is equal to J.

The product quantity from supplier m to customer n, w mn is randomly generated in The loading and unloading velocity p 1 as well as the horizontal transportation velocity p 2 is equal to 2, the cost per resource for unloading, horizontal transportation and loading 𝑐 1 = 𝑐 2 = 2. The penalty paid for undelivered quantity unit from supplier m to customer n is randomly generated as 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚𝑛 =[5,20]+20, the distance from door i to j is defined as 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑗 = 𝑎𝑏𝑠(𝑖 -𝑗), where ∆𝑡 𝑖𝑗 = 2 * 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑗 .

Genetic algorithm parameters

The parameters as population size, mutation, crossover, and generation number are the key factors to decide performance of GA. [START_REF] Grefenstette | Genetic Algorithms[END_REF] carry out a lot of research to determine the proper value of each parameter in GA, but for the ever-changing problems, it seems to be very difficult to determine them a priori. Most researchers try to find the proper value through extensive computational experiments.

In our implementations, the parameters in GA are identified in Table 3-2. These parameters are randomly chosen. In the selection operator, 10 chromosomes are retained first, and only 8 best of them are stored in the resulting set. At each generation, 8 chromosomes are replaced and the 10 best chromosomes in the current population are kept for the new population. The stopping criterion leads to stop the algorithm when no improvement is obtained in a single generation after 30000 generations.

Computational experiments

Three sets of instances are designed to assess the efficiency of the genetic algorithm and of the CPLEX solver. We consider 5 classes of small size instances, 4 classes of medium size instances and 6 classes in the large size set. Each class is defined by M-N-I-J where M is the inbound truck number, N is the outbound truck number, I is the receiving door number and J is the shipping door number. Each class includes 5 instances. In total, we solved 75 instances of the CDDAP.

We output the total cost (penalty cost and resource cost) obtained. For the GA using each gene repair algorithm, the average gaps with respect to the values obtained by CPLEX and the CPU times are reported in Tables 3-3 to 3-5. The optimal or best values of total cost are underlined.

The five classes of small size instances range from 4-4-3-3 to 12-12-3-3. The results are shown in Table 3-3, and the relative CPU times are shown in Table 3-4. For the small size instances, CPLEX can identify the optimal solution in a reasonable time, and the results obtained by GA are pretty close to those obtained by CPLEX solver. With the size grows, the CPU time required by CPLEX increase dramatically. The four classes of medium size instances range from 10-10-4-4 to 15-15-5-5. We report the best integer solution obtained by CPLEX solver in 600s. The results are shown in Table 3-5, and the CUP times by genetic algorithms are shown in Table 3-6. We can see that in 600s, CPLEX cannot find the optimal solution, while GA can find a better solution in a much shorter time. The six classes of large size instances range from 20-20-8-8 to 28-28-12-12. The results are provided in Table 3-7 and the CPU times of GAs are shown in Table 3-8. We report the best integer solution obtained by CPLEX after 3600s. For these instances, the best integer in 3600s by CPLEX is worse than solutions found by both variants of genetic algorithms. For such instances, GA performs much better than CPLEX solver. In conclusion, for small size instances, CPLEX can find an optimal solution in amount of reasonable time, but for medium and large size instances, both in terms of solution quality and of CPU time, GA outperforms CPLEX solver. Thus GA is more effective for solving the proposed CDDAP.

Gene repair algorithms analysis

In the above results, we can see that the GA02 can always find better solutions for different size instances than GA01.

To evaluate the performance of the two gene repair algorithms in a given time, for the 75 instances studied in Section 3.5.3, both algorithms are stopped after 600s. The best value of total cost obtained, the generation number that the two algorithms reached are reported in Table 3-9. The first columns are the sizes of the instances including the inbound truck number, the outbound truck number, and the receiving door number, as well as the shipping door number. The second and third columns are the total cost obtained before 600s by the two genetic algorithms. The last two columns are the generation number where the algorithms obtain the best value. The better solutions are underlined.

As shown in Table 3-6, the algorithm GA 01 can perform more generations than GA 02 in a given time, but the GA 02 can always find better solutions than GA01 in fewer generations. We analyze deeply their performances using the results for a small size instance.

We consider a cross dock with 12 suppliers, 12 customers, 3 receiving doors and 3 shipping doors, the parameters generated are reported in Appendix A1. The value of total cost with CPU time and generation number are reported in Table 3-10. The CPU time is the time when the algorithms find the corresponding objective value, and the generation number is the generation at which the algorithms find the corresponding objective value.

We plot curves illustrating the variation of the total cost with respect to the CPU time and generation number and of the generation number with respect to the CPU time, as shown in Figure 3-4, 3-5, and 3-6. From Figure 3-4, we can observe that GA02 can find better solutions in a shorter CPU time than GA01. GA02 can find a better initial population. With the gene repair GA01 operator, many trucks are unassigned, which leads to incur a large penalty. With the gene repair GA02, no or only a few trucks remain unassigned, which lead to a better initial solution at the beginning and avoid considering many poor solutions. Then, the algorithm can identify better solutions in smaller CPU times.

The Figure 3-5 shows the relation between total cost with respect to the generation number. It indicates that with much fewer generations, GA02 gets better solutions.

Because of a good initial population, GA02 gets rid of considering many poor chromosomes, and gets the better solution with fewer generations.

In Figure 3-6, the relationship between the number of generation number and the CPU time shows that the slope of the curve associated with GA01 is larger than that of the curve associated with GA02. The time spent on computing one chromosome or one generation by GA01 is less than the time required by GA02. This means that one chromosome is repaired more quickly with GA01. Indeed GA01 directly make the infeasible trucks be unassigned, while GA02 attempts to reassign the infeasible trucks. This is clearly more time consuming. Even if, GA02 consider fewer generations in a given time, better solutions are identified.

We provide the results a large size instance (24-24-12-12) and draw the curves of the relation between the total cost, generation number and the CPU time in Figure 3-7, 3-8 and 3-9. This leads us to the same conclusions just as those obtained for a small size instance. The parameters generated are shown in Appendix A2. In conclusions, using GA02, we can find better initial population and better solutions within fewer generations and less computational time. Therefore, GA02 is much efficient than GA 01 for solving this CDDAP.

Conclusions

In this chapter, a genetic algorithm is proposed to solve the MIP model formulated in Chapter 2. The challenge is to find an efficient and effective method to repair the infeasible chromosomes. We propose two gene repair methods: one is noted GA01 which directly make the infeasible trucks be unsigned, while the other noted GA02 attempts to reassign the infeasible trucks to other dock doors.

Three classes of instances are generated. The computational results show that GA outperforms CPLEX solver for solving the medium and large size instances. Compared with GA01, GA02 can identify a much better initial population and avoid considering a large number of poor chromosomes. It can find a better solution in a given time.

Chapter 4 Study of cross dock with Petri net

In the previous chapters, the cross dock door assignment problem with truck time windows constraints in cross dock is formulated as a MIP model, and solved with genetic algorithms.

In order to evaluate the behavior, gather information on processes in the cross dock, and estimate the solutions obtained in Chapter 3, we propose to simulate the activities in the cross dock. The most frequently-used tool for cross dock simulation is ARENA. In this chapter, we propose a new model based on Petri nets to simulate the cross dock. This model is built on the predefined door assignment solutions obtained by the MIP formulation or with the genetic algorithms.

In the following sections, the background and motivation of modelling with Petri net are introduced; the strategies of modelization are detailed from the unloading, sorting and loading functions. The model for an instance of small size is built.

Strategies of modelling by Petri net

In this section, we explain the strategies of building model with Petri net for cross docks.

Introduction and background

In the Chapter 2 and Chapter 3, we formulate the cross dock door assignment problem under truck time windows constraints as a MIP model and resolve it using genetic algorithm. The average resource number at each work station is obtained. In MIP model, we make some simplifications to reduce the complexity of the problems:

-The time windows of trucks are fixed, and an inbound/outbound truck departs at a predefined point in time. With this simplification, the truck scheduling loses its flexibility which leads to: if there is not enough resources (labors), the unloading/loading for an inbound/outbound truck is not finished before its depart time, the truck must leave the terminal; if there are a lot more resources and the unloading/loading is finished earlier than the depart time, the truck has to wait and occupy the door until its depart point. How to determine an appropriate truck time windows to minmize the unloading/loading delay or ahead of schedule according to resource number in cross dock?

-The resource number obtain by MIP model in each work station is supposed to be a constant. While in real case, the resources working in each position are not fixed, and they can vary according to the mission distribution in cross docks. For example, during period from 16 to 20, by MIP model, under the truck time windows constraints, there should be 3 resources for unloading at receiving door and 1 resource for internal transportation. However, if there are total 9 resources in cross dock, it is not reasonable to let 4 resource work while 5 resource rest; if during the period from 20 to 24, 10 resources are needed while there are only 9. How is the performance of cross dock with different resource number?

With these questions, we propose to simulate the cross dock behaviors with different resource number. We explore Petri net to build the model for simulation. Petri net is a graphic and mathematic tool, created in 1962 by Carl Adam Petri.

Compared with Discrete event simulation by Arena, as a graphic tool, Petri net is easier to read and to understand. Besides, the activities described by Petri net can be represented by a series mathematic functions, which leads to that the problem could be easier analyzed.

Thus, as a graphic mathematic tool, Petri net is widely used in a lot of areas. We identify only one existing paper that try to model cross dock using Petri net [START_REF] Trouillet | Petri Net Model and Mathematical Resolution for Cross Docking[END_REF], so method and tool exploitation for studying cross dock is another motivation of this dissertation.

A Petri net is a directed bipartite graph. It consists of two components: a net structure and an initial marking. A net (structure) contains two sorts of nodes: places and transitions. There are directed arcs from places to transitions and directed arcs from transitions to places in a net. Places are graphically represented by circles and transitions by boxes or bars. A place can hold tokens denoted by black dots, or a positive integer representing their number. The distribution of tokens over the places of a net is called a marking that corresponds to a state of the modeled system. The initial token distribution is called initial marking. The definitions about Petri net are as follows: The proprieties of Petri net can be referred to the paper by Murata (1989). In modeling, using the concept of the conditions and events, places represent conditions and transitions represent events. A transition (an event) has a certain number of input and output places representing the pre-conditions and post-conditions of the event, respectively. The presence of a token in a place is interpreted as holding the truth of the condition associated with the place. Some typical interpretations of transitions and their input places and outplaces are summarized by Murata (1989) as shown in Table 4-1.

The behaviors of many systems can be described in terms of system states and their changes. To simulate the behavior of a system, a state or marking in a Petri net is changed according to the following firing rules:

-A transition t is said to be enabled if each input place p of t is marked with at least w (p, t) tokens, where w (p, t) is the weight of arc from p to t.

-An enabled transition may or may not fire (depending on whether or not the event actually takes place).

-A firing of an enabled transition t removes w (p, t) tokens from each input place p of t, and adds w (t, p) tokens to each output place p of t, where w (t, p) is the weight of the arc from t to p.

The concept of time is introduced for describing scheduling problems in systems. The time is associated with transitions or places. 

Definition 4: T-timed Petri net

A T-timed Petri net is a six tuple N=(P,T, F, W, 𝑀 0 , f) where (P, T, F, W, 𝑀 0 ) is a marked Petri net, f : T → R+ is a firing time function that assigns a positive real number to each transition on the net.

The time associated with each transition represents the earliest time for firing of the related transition.

In this dissertation, the activities in cross dock are modelled as a T-timed Petri net and the principal activities consist of inbound/outbound truck assignment, unloading, sorting (internal transportations), and loading, as presented in Figure 4-1. Each transition represents an action (event) and each place represents a state that the system arrives. The unloading occurs before the sorting (internal transportation), and the sorting occurs before loading. The event of inbound truck assignment (𝑇 0 ) depends on two conditions (input places of transition 𝑇 0 : 𝑝 1 and 𝑝 7 ): inbound truck arrives in terminal and there is available receiving door to receive the truck. The event of unloading (𝑇 1 ) depends on two conditions (input places of 𝑇 1 : 𝑝 2 and 𝑝 0 ): inbound truck is assigned and there are available resources (labors) to unload goods. Similarly, the event of outbound truck assignment (𝑇 8 ) depends on two conditions (input places of transition 𝑇 8 : 𝑝 8 and 𝑝 9 ): outbound truck arrives in terminal and there is available shipping door to receive the truck. The event of loading ( 𝑇 5 ) depends on three conditions (input places of 𝑇 5 : 𝑝 10 , 𝑝 4 and 𝑝 0 ): outbound truck is assigned, goods arrive at shipping door and there are available resources (labors) to load goods. The event of sorting (𝑇 3 ) depends also on two conditions (input places of 𝑇 3 : 𝑝 3 and 𝑝 0 ): goods are unloaded and are prepared to be sorted, there are available resources to sort goods.

The conclusion of the event assignment (outplace of 𝑇 0 / 𝑇 8 : 𝑝 2 / 𝑝 10 ) is that inbound/outbound truck is assigned. The conclusions of the event unloading (outplaces of 𝑇 1 : 𝑝 3 , 𝑝 0 and 𝑝 7 ) consist that goods are unloaded, resources to unload are released and the receiving door occupied is released. The conclusions of the event loading (outplaces of 𝑇 5 : 𝑝 5 , 𝑝 0 and 𝑝 8 ) consist that goods are loaded, resources to load are released and the shipping door occupied is released. The conclusion of event sorting (outplaces of 𝑇 3 : 𝑝 4 and 𝑝 0 ) is that goods are transported at shipping door and resources to sort are released.

The initial marking of Petri net in Figure 4-1 is 𝑀 0 = (𝑁, 1,0,0,0,0,1,1,1,0) where M(𝑝 0 )=N is the resource number in cross dock, M(𝑝 1 )= M(𝑝 7 )= M(𝑝 8 )= M(𝑝 9 )=1 is to start the system, and number of tokens in other places is zero which represents that the system of cross dock is totally unloaded before it is started.

The modelling of cross dock with Petri net is divided into three steps: unloading of inbound trucks, sorting of goods and loading of outbound trucks. The model for each step is separately built and then three parts are integrated together. The time and resource cost in each step, as well as the truck time windows are considered.

First, we make some hypothesis.

Hypothesis 1: The cross dock door assignment for inbound trucks and outbound trucks are predefined. The results can be computed by MIP model proposed in Chapter 2. For the same problem, with different door assignment, the Petri net model will be different.

Hypothesis 2: the preemption is not allowed, unloading or loading of a truck cannot be interrupted.

Hypothesis 3: The posterior step cannot be started before the completion of the previous step. The order is unloading, sorting, loading. For the goods in an inbound truck, sorting operation cannot start before completion of unloading of this truck. For an outbound truck, loading can start when all of its respective goods arrive in the shipping door where it stationed.

Hypothesis 4: the cross dock terminal is totally unloaded before the first truck arrives.

In the Section 4.1.2, Section 4.1.3 and Section 4.1.4, the events in each step are described. While the time cost which represented by times connected with transitions, the resource number which represented by tokens in the respective place, and goods and resource (employees) flows which represent by the weight of arc are different with different instances, which is explained using an example in Section 4.2.

Unloading

The events in unloading operation: inbound trucks arrive in cross dock terminal and are assigned in receiving doors, unload goods, and leave. Trucks assigned in the same door share the respective door, and unloading of goods cost time and resources.

We describe the activities in unloading operation 'door by door' then 'truck by truck'. The activities at each door are described separately and then the events related to each truck are presented separately.

As shown in Figure 4-2, for example, two inbound trucks are assigned at a given receiving door. A place represents a state that the system reaches, and a transition represents an event. The events (arrive, assignment, unload and leave) of each truck are described.

The event of arrive is described by transitions 𝑡 0 (inbound truck 1 (IT1) arrives in terminal) and 𝑡 1 (IT2 arrives in terminal). The conclusion of event arrive is that inbound truck arrived in cross dock (𝑝 2 & 𝑝 3 ).

The event of assignment is described by transitions 𝑡 2 and 𝑡 3 . It depends on the conditions as follows:

-Inbound truck arrives in the cross dock terminal (𝑝 2 & 𝑝 3 ); -There is receiving door available to receive inbound truck (𝑝 8 );

The conclusion of event assignment is that inbound truck is assigned (𝑝 4 & 𝑝 5 ).

The event of unloading is represented by transitions 𝑡 4 and 𝑡 5 and it depends on two conditions:

-Inbound truck is assigned in receiving door (𝑝 4 & 𝑝 5 ); -There are resources to unload (𝑝 9 );

The conclusions of event unloading are that goods are unloaded ( 𝑝 6 & 𝑝 7 ) and resources to unload are released (𝑝 9 ).

The event of leave depends on one condition: all of goods are unloaded (𝑝 6 & 𝑝 7 ). The conclusion of event leave is that the occupied receiving door is released (𝑝 8 ).

The receiving door (𝑝 8 ) will be occupied when a truck is assigned in, while it is released to be available when the unloading is finished and truck leaves from cross dock. IT1 and IT2 are assigned in and share a same receiving door in which two inbound trucks cannot be assigned at the same time, only when unloading of the current truck is finished, and it leaves, the next truck can be assigned. The assignment order of inbound trucks in the same door is determined by their arrival time, and represented by initial marking in Petri net, which is detailed in section 4.2.4. 

Sorting

The sorting step is a vital link between unloading and loading operations. It occurs after unloading interior cross dock between receiving doors and shipping doors.

The events in sorting step are as follows: the goods in each inbound truck are disassembled according to the doors where their respective outbound trucks are stationed (disassembly door by door (shipping door)), then they are transported by conveyers or labors to shipping doors (transportation), after that, the goods shipped in the same door are disassembled according to the outbound trucks respect to their destinations, last, the goods from different inbound trucks for the same destination are assembled in outbound truck (assembly truck by truck).

As shown in Figure 4-3, outbound truck 1 (OT1) is assigned in shipping door 1 (SD1), OT2 and OT3 are in SD2.

The event of disassembly door by door (𝑡 6 and 𝑡 7 ) depends on one condition: goods in inbound truck are unloaded (𝑝 6 and 𝑝 7 ). The conclusion of this event is that goods are divided into two sets: set to shipping door SD1 (𝑝 19 and 𝑝 10 ) and set to shipping door SD2 (𝑝 18 and 𝑝 11 ).

The event of transportation (𝑡 8 , 𝑡 9 , 𝑡 10 and 𝑡 11 ) from receiving doors to shipping doors depends on two conditions:

-Goods are disassembled according to their destination door (𝑝 18 , 𝑝 19 , 𝑝 10 and 𝑝 11 ); -There are resources available to transport (𝑝 9 ).

The conclusions of event transportation are that goods are transported to shipping door where their destination truck is stationed (𝑝 12 , 𝑝 13 , 𝑝 14 , 𝑝 15 , 𝑝 16 , 𝑝 17 ) and resources to transport are released (𝑝 9 ).

The event of assembly truck by truck ( 𝑡 12 , 𝑡 13 and 𝑡 14 ) depends on the condition that goods are transported to shipping door where their destination truck is stationed (𝑝 12 , 𝑝 13 , 𝑝 14 , 𝑝 15 , 𝑝 16 , 𝑝 17 ).

When goods to the same outbound truck are assembled at the respective shipping door, they are prepared for loading. 

Loading

Loading step occurs after sorting and is the last step which is similar with unloading. The activities in this step are as follows: goods arrive at the related shipping door and are prepared to be loaded, outbound truck arrives in cross dock and is assigned in shipping door (assignment), goods are loaded, and outbound truck leaves.

The events (activities) (arrive, assignment, load and leave) are described and shown in Figure 4-4.

The event of arrive is described by transition 𝑡 21 , 𝑡 22 and 𝑡 23 .

The event of assignment of outbound trucks is described by transitions 𝑡 9 , 𝑡 10 and 𝑡 11 , and it depends two conditions:

-Outbound truck arrives in cross dock terminal (𝑝 26 , 𝑝 27 and 𝑝 28 ); -There is shipping door available to receive this outbound truck (p 35 and p 36 );

The conclusion of event assignment is that outbound truck is assigned (𝑝 29 , 𝑝 30 and 𝑝 31 ).

The event of load is represented by transitions 𝑡 15 , 𝑡 16 and 𝑡 17 , and it depends three conditions:

-Goods to this outbound truck are assembled and well prepared (p 20 , p 21 and p 22 ); -Outbound truck is assigned in a shipping door (p 29 , p 30 and p 31 ); -There are resources available to load (p 9 );

The conclusion of event load consist that goods are loaded in outbound trucks (𝑝 23 , 𝑝 24 and 𝑝 25 ) and resources to load are released (𝑝 9 ).

The event of leave depends on the condition that all of the goods are loaded (𝑝 23 , 𝑝 24 and 𝑝 25 ) and its conclusion is that the occupied shipping door is released (𝑝 35 and 𝑝 36 ).

The receiving door RD2 (𝑝 36 ) will be occupied when a truck is assigned, while it is released to be available when the loading is finished and truck leaves from cross dock. OT2 and OT3 are assigned in and share a same shipping door in which two outbound trucks cannot be assigned at the same time, only when loading of the current truck is finished, and it leaves, the next truck can be assigned. The assignment order of outbound trucks in the same door is determined by their arrival time, and represented by initial marking in Petri net, which is detailed in section 4.2.4. The events in unloading, sorting and loading operations are described in this section. The truck time windows, time cost and resource cost of each event, goods flows and resource flows are specifically related to the different instances. In Section 4.2, we cite a small size case to explain how to describe the goods flows, time and resource characteristics in timed Petri net model.

Case study

In this section, we consider a small case with 4 inbound trucks, 4 outbound trucks, 3 receiving doors and 3 shipping doors to propose its correspondent Petri net model. The door assignment and the resource number required are obtained with MIP model using CPLEX. Inbound trucks IT1 and IT4 are assigned in receiving door RD1, IT2 and IT3 are assigned in RD2, the outbound trucks OT1, OT2 and OT4 are assigned in shipping door SD1, and OT3 is assigned in shipping door SD2.

𝑥 𝑚𝑖 =[ 1 0 0 0 1 0 0 1 0 1 0 0 ] ; 𝑦 𝑛𝑗 = [ 1 0 0 1 0 0 0 1 0 1 0 0 ] ;
Resource number =12.

The events (activities) in each step are detailed in Section 4.1, and in the following sections, we focus on explaining how to describe the time related to each event, goods flows and resource flows by Petri net.

Unloading

Inbound truck IT1 and IT4 share the receiving door RD1 and inbound truck IT2 and IT3 share the receiving door RD2. The model for describing activities at RD1 and at RD2 is shown in Figure 4-5.

-Time characteristics

Arrival time of inbound trucks: the time above transitions 𝑡 46 , 𝑡 47 , 𝑡 48 and 𝑡 49 separately represents the arrival time of each inbound truck.

Time cost of unloading operation: the time above transitions 𝑡 4 , 𝑡 5 , 𝑡 6 and 𝑡 7 separately represents the time needed per resource for unloading 5 goods (unloading velocity p 1 = 5). For example, IT1 arrive in cross dock at time 16 and 5 goods are unloaded per unit time per resource.

-Goods flows

The red arrows stand for the flows of goods from IT1, the green arrows represent the goods flows from IT4, as well as purple arrows are flows from IT2, and yellow arrows are flows from IT3.

Weight of arcs (𝑡 0 , 𝑝 4 ), ( 𝑡 1 , 𝑝 5 ), (𝑡 2 , 𝑝 6 ), (𝑡 3 , 𝑝 7 ) stands for total quantity of goods in each inbound truck. Weight of arcs (𝑝 4 , 𝑡 4 ), (𝑝 5 , 𝑡 5 ), ( 𝑝 6 , 𝑡 6 ), ( 𝑝 7 , 𝑡 7 ) represents the number of goods that unit source can unload in unit time. Weight of arcs (𝑡 4 , 𝑝 8 ), (𝑡 5 , 𝑝 9 ), (𝑡 6 , 𝑝 10 ), (𝑡 7 , 𝑝 11 ) represents after each unit time, 5 goods are unloaded. Weight of arcs (𝑝 8 , 𝑡 8 ), (𝑝 9 , 𝑡 9 ), (𝑝 10 , 𝑡 10 ), (𝑝 11 , 𝑡 11 ) represents the number of goods that need to be unloaded before disassembly operation. For example, there are 122 goods in IT1 and unit resource can unloaded 5 goods at unit time, after each unit time, 5 goods are unloaded and 122 goods are needed to be unloaded before assembly. Which we need to pay attention to is that there are 122 goods in truck IT1, but we give a value 125 as weight (𝑡 0 , 𝑝 4 ) to make sure that the transition 𝑡 8 can be enabled. Meanwhile, resource and time cost by the last two goods are just same as the cost by the last five.

-Resource characteristics Weight (𝑝 60 , 𝑡 4 ), (𝑝 60 , 𝑡 5 ), (𝑝 60 , 𝑡 6 ), (𝑝 60 , 𝑡 7 ) stands for the resource number to unload five goods at unit time, and weight (𝑡 4 , 𝑝 60 ), (𝑡 5 , 𝑝 60 ), (𝑡 6 , 𝑝 60 ), (𝑡 7 , 𝑝 60 )stands for the resource number that is released. The number of tokens in 𝑝 60 is N which represents total resource number in cross dock and which is a positive integer.

Unloading at RD1 Unloading at RD2 

Sorting

First, we describe the sorting activities for goods from IT1 to explain this step.

-Goods flows

As shown in Figure 4-6, for the inbound truck IT1, goods in it are disassembled into 2 sets. The first set is going to be transported to shipping door SD2 (52 out of 122), and the second part is going to be shipped to shipping door SD1 (70 out of 122). Goods to SD2 are assembled in outbound truck OT3, because there is only OT3 is assigned in SD2. Goods at door SD1 are again disassembled into three parts: goods to outbound truck OT1 (33 out of 70), goods to OT2 (15 out of 70), and goods to OT4 (22 out of 70).

Weight of (𝑡 8 , 𝑝 12 ) stands for total quantity of goods to be transferred to SD2. Weight of (𝑝 12 , 𝑡 12 ) represents the quantity of goods that unit resource can transport at unit time.

Weight of (𝑡 12 , 𝑝 22 ) represents that after each unit time, 5 goods are transferred (sorting velocity p 2 = 5). Weight of arcs from 𝑡 13 to 𝑝 23 , 𝑝 24 , 𝑝 25 represent the total quantity of goods to OT1, OT2 and OT4, and weight of arcs (𝑝 22 , 𝑡 22 ), (𝑝 23 , 𝑡 23 ), (𝑝 24 , 𝑡 24 ), (𝑝 25 , 𝑡 25 ) represents goods quantity to be assembled for each outbound truck. -Time and resources characteristics

The time above 𝑡 12 is the time cost per resource for transferring 5 goods from RD1 to SD2, and 𝑡 12 is connected with resources. Weight (𝑝 60 , 𝑡 12 ) stands for the resource number to transport five goods at unit time, and weight (𝑡 12 , 𝑝 60 )stands for the resource number released.

In the problems we proposed, the vertical transportations are no time and no resource cost compared with horizontal transportations. Thus transportations from RD1 to SD1 are no resource and no time cost (there is no horizontal transportations between them).

Similarly, the flows from the other three inbound trucks are modelled as shown in Figure 4-7. The representation of each place and transition is elaborated in Table 4-2.

The red arrows show the material flow of the goods from IT1, the green arrows show the flow from IT4, as well as the purple arrows for flows from IT2, the yellow arrows for the flows from IT3. The transitions which are connected with shared resource (𝑝 60 ) represent the horizontal transportations between receiving doors and shipping doors, and the time marked above them represents time required for transferring 5 goods (sorting velocity p 2 = 5) by unit resource.

Similarly, weight of arcs (𝑝 12 , 𝑡 12 ), (𝑝 

Loading step

Loading operation is modeled door by door. There are two shipping doors, so we firstly model the operations in shipping door SD2, secondly model those in SD1, and lastly integrate these two parts.

At shipping door SD2, there is only one outbound truck OT3, and three outbound trucks, OT1, OT2 and OT4, share the shipping door SD1. The model by Petri net is shown in Figure 4-8, and the representation of each place and transition is elaborated in Table 4-3. 

Integration of three steps

The tree steps, unloading, sorting and loading are thoroughly described in previous sections. Integration of three steps is not only combining their corresponding Petri net.

In this section, we detail the linearization of shared doors, the simplification of the weight of arcs, and how to set up initial marking.

-Linearization

In the Petri net model built in previous sections, one receiving/shipping door (𝑝 58 , 𝑝 59 and 𝑝 49 ) is shared by several inbound/outbound trucks and each door is an identical resource between n users (trucks). Labors (𝑝 60 ) are shared by certain operations and each labor is also an identical resource between n operations. Each resource (door or labor) can be occupied by one user at one time, and the problem is to decide the arrangements of order for firing the transitions. The constraints on the tokens areas follow:

𝑚 𝑝 58 + 𝑚 𝑝 58′ = 1 𝑚 𝑝 59 + 𝑚 𝑝 59′ = 1
We set up 𝑚 𝑝 58 = 1, then IT1 will be first assigned in RD1, otherwise, IT4 is first assigned. 𝑚 𝑝 59 = 1,then IT2 will be first assigned in RD2, otherwise, IT3 will be first assigned.

The linearization of loading step is similar with that of unloading step, as shown in Figure 4-11. The constraints on the tokens areas follow:

𝑚 𝑝 49 + 𝑚 𝑝 49′ = 1 𝑚 𝑝 64 + 𝑚 𝑝 64′ = 1 𝑚 𝑝 67 + 𝑚 𝑝 67′ = 1
For example, if we set up 𝑚 𝑝 49 = 𝑚 𝑝 64 = 𝑚 𝑝 67 = 1, OT1 will be first assigned in SD1, then OT2, and then OT4; if we set up 𝑚 𝑝 49 = 𝑚 𝑝 64 = 𝑚 𝑝 67′ = 1 The order of assignment will be OT1, OT4 then OT2.

All of the activities which require resources (represented by 𝑝 60 ) are shown in Figure 4-12. This part is also non-linear. Theoretically, with the method proposed by [START_REF] Trouillet | Transformation of the cyclic scheduling problem of a large class of FMS into the search of an optimized initial marking of a linearizable weighted T-system[END_REF], this part can be also linearized, but the nets will be extraordinary big. In this dissertation, we keep the non-linear nets and define the firing rules (Section 5.1) during simulation.

SD2 SD1 Shared Door

operation. With this modification, the resource can be occupied from the start time and be released at the end time.

We review Hypothesis 3: The posterior part cannot be started before the completion of the previous part. The order is unloading, sorting, loading. For the goods in an inbound truck, sorting operation cannot start before completion of unloading of this truck. For an outbound truck, loading can start when all of its respective goods arrive in the shipping door where it stationed.

It is obvious that this hypothesis is far away from the real. In all of cross docks, there is no obvious time dividing line between different operations. In the following of this section, we give a modification to improve the model. Loading ends As shown in Figure 4-14, firstly, the goods in each inbound truck are separately drawn according to their destinations. We draw two columns for each set of goods: first column is for connecting with the sorting step (zone green), and the second column is for evaluating if the unloading is finished (zone red). The results by CPLEX show that goods form IT3 & IT4 to OT1 cannot be delivered, and these goods are stored in storage area. The goods undelivered (zone blue) are added in Petri net model.

[1 1] [1 1] [1 1] [0 0] [1 1] [0 0] [1 1] [0 0] [1 1]

-Sorting

For the sorting operation which occurs after and connects with unloading, the goods are presorted when the trucks are assigned, so this step is actually is the transportation between receiving doors and shipping doors. Transportation types between each inbound truck and each outbound truck is shown in Table 4-5. The vertical transportations are no resource cost and no time cost compared with horizontal transportations. These two transportation forms are separately modelled by Petri net as shown in Figure 4-15.

-Loading

Loading step is similar with unloading step, and loading of goods from different suppliers is separately drawn and evaluated, as shown in Figure 4-16. A shipping door SD2, there is only one outbound truck OT3 that are assigned in, and three outbound trucks, OT1, OT2 and OT4, share the shipping door SD1. Loading for OT1 is presented by red zone, loading for OT2 is green zone, loading for OT3 is purple zone, and loading for OT4 is blue zone.

The integration of the three operations with shared resources is the final Petri net description (see Appendix B2). 

Model for simulation

In previous sections, the model based on Petri net for cross dock is built, and we carry out the simulation in software Tina. The objective is to evaluate the performance of cross dock with different number of resources and give advices to make decision.

Two problems

With different values of resource number (N), the cross dock is simulated in Tina, and we met a 'parallelism' and a 'flexibility' problem. This problem occurs between the transitions which share and consume resources. For example, in Figure 4-16, there are two operations 𝑡 1 & 𝑡 2 which share 4 resources.

-'parallelism' problem

If there are 3 resources to do the operation 𝑡 1 , normally, 𝑡 1 is simultaneously fired three times, 3 missions of 𝑡 1 will be finished in one unit time. But in Tina, one transition cannot be simultaneously fired more than twice.

-'flexibility' problem

In cross dock, the distribution of resources is flexible. For example, at this time, 3 resources for 𝑡 1 , and 1 resource for 𝑡 2 ; at next time, 0 resources for 𝑡 1 and 4 resources for 𝑡 2 . The resource number at each work station can vary with time. It is impossible realize the flexible resource distribution with Tina. 

Model for simulation

In order to overcome the parallelism and flexibility problems, and carry out the simulation using TINA, we develop the model 'block' by 'block', where block is a unit for count goods sets. For example, there are 33 goods from IT1 to OT1 and unloading velocity per unit time per operator is 5, there will be 7 blocks (33/5).

The model for describing unloading at receiving door RD1 is shown in Figure 4-17. One column represents the operations on one block, and the goods blocks from inbound truck to outbound truck OT1, OT2, OT3 and OT4 are listed from left to right. The time above 𝑡 0 and 𝑡 4 is the arrival time of IT1 and IT4, and the time above 𝑡 2 and 𝑡 3 represents that it consumes one unit time for unloading the first block.

For each block, at the end of unloading operation, there are two places for describing their following behaviors (eg. 𝑝 6 and 𝑝 7 ), one place (𝑝 6 ) is for connecting with the sorting step which is presented in Section 3.3, and the other one (𝑝 7 ) is for evaluating if the unloading is finished. For the goods blocks which are shipped to storage area, there is only one place to evaluate if they are unloaded.

The internal transportation and loading step are similarly modified. The entire model for simulation is shown in Appendix B3. We can see that for such a small size instance, the Petri net model has been really complex. In the future work, we will try to find a way to simply the model or other methods (eg. fundamental functions) to treat it to justify if Petri net is appropriate for solving this kind of problem and if it could have a chance to be extended to realistic cases.

Conclusions

In this chapter, we explain the strategies for building a model based on Petri net for a cross dock where the door assignment and the truck time windows are predefined. In the unloading operation, the model is built door by door, then truck by truck; in sorting operation, the different transportation types are separately modelled. The loading operation is similar with the unloading operation.

We described the events in each operation, explained how to define the goods flows, resource flows, and time cost in the cross dock. We linearize certain non-linear nets in the model, explain how to determine the assignment order of trucks with linear nets, and set up the initial marking.

To execute simulations, we deal with the problems of 'parallelism' and 'flexibility' and finally obtain a complete model. The performance of the cross dock with different resource number will be detailed in next chapter.

Chapter 5 Simulation results by Petri net model and resource management

The total resource number to manage flows of goods in terminal is an important factor to influence performance of cross dock. If resources are scarce, there will be many undelivered goods. If too many resources are deployed, a lot of them will be underutilized.

In Chapter 4, model based on Petri net for cross dock is built. Thanks to this model, we carry out simulations and evaluate the behavior of different resource number on the cross dock management. We also obtain the relevant times which help to improve the original time windows, the makespan at each work station, the free time interval in cross dock, and the free resource number at each period of time at each station. These results can suggest improvements for resource management in the cross dock.

According to the simulation results, the MIP formulation is improved. The new MIP model can better plan resource requirements and save labor cost.

Simulation with Petri net model

By simulation, our objective is to evaluate the performance and behaviors of the cross dock for different number of resources and give advices for decision making.

With different resource number, we carry out the simulation using TINA. For the simulations, we define the firing priority rules of transitions, for all the transitions which are simultaneously enabled:

Priority rule 1: Firing priority for different operations: unloading operations have a greater priority than internal transportations, and internal transportations have a greater priority than loading operations.

Priority rule 2: Firing priority of unloading transitions: the earlier the inbound truck arrives at the cross dock, the greater priority it has for unloading.

Priority rule 3: Firing priority of transportation transitions: the earlier the inbound truck arrives at the cross dock, the greater priority its goods have to be transported from the receiving door to shipping door.

Priority rule 4: Firing priority of loading transitions: the earlier the outbound truck arrives at the cross dock, the greater priority it has for loading.

Priority rule 5: For all of the transitions which have same priority, they are randomly fired.

The rules are logical and it decides the firing order of different transitions. The rules change, possibly resulting in change of results.

For the case studied in Chapter 4, we obtain the following results.

Times

The result indicators time consist of the completion time, the time instants related with time windows, and the free time interval.

-Completion time

Definition 5 [START_REF] Boysen | Cross dock scheduling: Classification, literature review and research agenda[END_REF]: the completion time is the time an outbound truck or a shipment is finally processed and ready to leave cross dock.

We present two types of completion time. The first one is the completion time of the last outbound truck which is a loaded cut-off point for the cross dock. Before this completion time point, there is work to be done in terminal, while after this time point, there is no task to be performed. The relation between the completion time of the last outbound truck and the resource number is illustrated in Figure 5-1. We can see that when more resources there are present in cross dock, the completion time of the last outbound truck is smaller. For instance, the cross dock is totally unloaded at time 239 when resource number is equal to 1, while the terminal is unloaded at time 54 when 12 resources in cross dock.

The second type is the sum of completion times which is sum of completion times for all the outbound trucks. This indicator is an evaluation of the turnover of goods. The Figure 5-2 shows the sum of the completion time as a function of the resource number.

When more resources there are present in the cross dock, the sum of completion time is smaller. For instance, sum of completion times is equal to 810 with 1 resource, while it is equal to 166 with 12 resources.

In Figure 5-1 and 5-2, we can also observe that the completion times decrease as the resource number grows. However when resource number reaches to a certain value, the completion times are not significantly reduced. It shows that increasing resource number is not always relevant for improving production efficiency. The initial truck time windows is as follows: 16,20,39,30] ; 𝑑 𝑚 = [28, 36, 50, 40] ; [20,42,25,51] ; 𝑑 𝑛 = [30, 50, 40, 80] ;

𝑎 𝑚 = [
𝑎 𝑛 =
Under the firing priority rules for the transitions, we record the beginning time and ending time instants for the unloading/loading operations of each inbound/outbound truck. We propose to redefine the time-windows according to these time instants. The new time windows are reported in With these results, the truck time windows can be improved according to resource number in cross dock. The total free time interval (TFTI) is the sum of the free time interval. The total free time interval varies according to the resource number as illustrated in Figure 5-3.

When the resource number grows, the TFTI in the cross dock increases. During a free time interval, there is no task to accomplish in the cross dock and no resource is needed.

If there is only a few resources, the cross dock is always occupied but many deliveries are delayed; if there are too many resources (e.g. 12 resources), the total working period is 38 time units (from arrival time of first truck to departure time of last truck), the 12 resources are totally free during 15 time units (TFTI=15), TFTI is too much and a lot of resources are wasted. Thus the resource number determination is a key decision variable in a cross dock. 

Makespan

Under the firing rules of transitions, we represent the makespan in cross dock: the processing period of each operation at each work station. The makespan in the cross dock with N=6 (resp. with N=10) is shown in Figure 5-4 (resp. Figure 5-5). The work distribution in terminal is clearly presented by makespan and we can assign resources according to the makespan. For instance, when N=6, during time period 16 to 24, the makespan shows that there are tasks processing at the unloading work station at RD1 and RD2, and there is no task at the other stations. According to this result, we can assign resources to RD1 and RD2 to unload.

Free resource Definition 7:

A Free resource is a resource which performs no task. The Free resource number is equal to the total resource number minus the occupied resource number.

For different value of N, we obtain the free resource number at each unit time, as illustrated in Figure 5-6. For example, for N=8, there are 5 unused resources at time 28, and for N=12, 12 resources are totally free from time 27 to 29. 

MIP formulation improvement and resource management

The formulations and algorithms proposed in Chapter 2 and 3 determine the door assignment for trucks and minimize the total cost. The resource at each work station is also determined. For the instance studied, we obtain:

𝑟 𝑖 = [ 3 2 0 ]; 𝑠 𝑗 = [ 3 2 0 ]; 𝑘 𝑖𝑗 = [ 0 2 0 0 0 0 0 0 0 ];
There are 3 resources at receiving door RD1, 2 resources at RD2, 3 resources at shipping door SD1, 2 resources at SD2, 2 resources working for internal transportations between column 1 and 2. Thus the total number of resource is 12 (simulation result proposes 6 resources).

In these results, values of 𝑟 𝑖 , 𝑠 𝑗 , and 𝑘 𝑖𝑗 are supposed to be set for all time periods, but in fact, the resources at each station can be different at each time period. Thus the results obtained by the previous MIP model are not accurate enough. For example, for two trucks which are assigned at a same receiving/shipping door, between the departure time of a truck and the arrival time of the next truck, there is unloading/loading work at this door, the number of resource during this time period can be set to zero; at the opposite, for an inbound/outbound truck which just docks at a receiving/shipping door, the unloading/loading could be performed more efficiently, at this period, when more numerous resources are present. Thus the resource number must vary with time and workload.

Based on the formulation and results obtained in previous chapters, we improve the MIP formulation of Chapter 2. In the new formulations, the time horizon is divided into periods, and the resource numbers in each period at each station are optimized, which can lead to manage resources in cross dock. The new formulation is detailed in section 5.2.1.

Improvement of MIP formulations

Using the same notations as in Chapter 2, we add some more notations: ( 5 -18 ) minresourcenumber >=𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑛𝑢𝑚𝑏𝑒𝑟 𝑒 , ∀ 𝑒 ∈ {1, … , 𝐸};

( 5 -19 )

The objective function (5-1) is as in the previous model. It aims to minimize the weighted sum of total weighted travel distance and the total cost including the labor cost and the penalty generated by delivery delays. 𝑀 𝐺 is a big number defined in Chapter 2.

Constraint (5-2) is to ensure that each inbound truck m is not assigned to more than one receiving door.

Constraint (5-3) is to make sure that each outbound truck n is not assigned to more than one shipping door.

Constraint (5-4) (5-5) (5-6) correspond the linearization of 𝑧 𝑖𝑗𝑚𝑛 = 𝑥 𝑚𝑖 * 𝑦 𝑛𝑗 .

Constraint (5-7) ensures that each receiving door I cannot be occupied by more than one different inbound trucks at the same time.

Constraint (5-8) is to make sure that each shipping door j cannot be occupied by two or more than one different outbound trucks at the same time.

Constraint (5-9) is the unloading constraint. At each receiving door i, all of the goods from supplier m (𝑓 𝑚 ) should be unloaded during the period (𝑑 𝑚 -𝑎 𝑚 ) at the receiving door where m is present. The period (𝑑 𝑚 -𝑎 𝑚 ) is divided into smaller time intervals, and each piece is 𝑡 𝑒+1 -𝑡 𝑒 .

Constraint (5-10) is the loading constraint. At each shipping door j, all of the goods to customer n (𝑣 𝑛 ) should be loaded during the period (𝑑 𝑛 -𝑎 𝑛 ) at the shipping door where n is stationed. The period (𝑑 𝑛 -𝑎 𝑛 ) is divided into smaller time intervals. Each time interval is 𝑡 𝑒+1 -𝑡 𝑒 .

Constraint (5-11) ensures that the goods from supplier m to customer n can be sorted after the arrival of m (𝑎 𝑚 ) and before the departure of n (𝑑 𝑛 ).

The objective of constraints (5-12) and (5-13) is to control the sequence of internal transportation. Inbound truck m is assigned at receiving door l, outbound truck n is assigned at shipping door n, and doors are indexed from left to right. Constraint (5-12) is under the condition that m is at the left of n (l <= j). Then goods from m to n are transported from left to right. The transportations from the farthest columns (i to i+1)

Conclusions

In this chapter, we analyze the results obtained by simulation thanks to the Petri net model with different resource number. This leads to propose new time windows. Moreover, we get the makespan at each work station, the free time interval, and the free resource number at each time period, which can help to manage resources in the cross dock.

According to the simulation results, we improve the MIP formulation. With the new MIP model, resources at each work station at each time interval can be determined. The computational results show that the new MIP formulation leads to better solutions than the original one.

Conclusions and perspectives

Contribution summary

This thesis addresses a door assignment and resource management problem for a specific cross dock under time windows constraints. First, we give a comprehensive literature review and analysis of problems about cross docks. Then, a layout of cross dock is described, and an ad-hoc MIP model is elaborated for describing the problem. A comparison with existing similar formulations is provided. To solve the problem addressed, heuristics based on genetic algorithms are developed. Then, we build a Petri net model for describing the behavior of cross dock and perform simulations using Tina.

Based on the simulation results, we improve our proposed formulation. The results of the new formulation help to manage resources more efficiently in the cross dock.

Compared with existing similar formulations, our proposed formulations detailed the unloading, sorting and loading process, the objective is not only to minimize the total operation cost and the penalty cost, but also, to optimize the resources required at each work station and the travel distance.

In our adaptation of genetic algorithms, we propose two methods to repair infeasible solutions. The first one simply makes the incompatible trucks be unassigned, while the second method tries to find new doors to reassign incompatible trucks. The computational results show that genetic algorithm outperforms solution with CPLEX for medium and large size instances and that the second gene repair method is more efficient than the first one.

We propose a new tool, Petri net, for studying a cross dock. A model based on Petri nets is built and simulations are carried out with different resource numbers. We obtain relevant times which help to improve the original time windows, the makespan at each work station to manage resources more efficiently, the free time interval in the cross dock and the free resource number at each time period. These results can provide helpful advices for resource management in the cross dock.

Another important result of simulations based on the Petri net model is to improve the MIP formulation. With the new formulation, the working time period is refined and the resources at each time period at each work station is optimized.

The main contributions are presented in Figure 2. 

Perspectives

There are many research avenues that could be explored in the future.

First, more constraints can be added to the formulations, such as storage area capacity constraints and vertical transportation restrictions, which make the formulation more complete and somehow closer to real cases. Besides, in the MIP models, the resource number for loading operations computed by the MIP models is larger than the actual requirement. Due to the internal transportations, it may occurs that certain goods miss their outbound trucks and are stored in the temporary storage area, while we compute the resources for loading operations according to the total quantity of goods for the outbound trucks. Therefore, the constraint for controlling loading resources can be improved.

Moreover, a number of other heuristics or exact approaches could be explored to solve this problem, and looking for an efficient and effective method is a long road to go. In GA, the values of parameters are randomly set up, more experimentations about parameters could be carried out to find better values.

We propose a Petri net approach to study cross dock management. It is obvious that modelling of a small size case has led to a large model. The model for simulation is developed one block by one block and the transitions are manually fired one by one. This has been extremely complex, time consuming and not very efficient. For the future research, a simple and effective method to model and simulate cross docks with Petri nets should be designed. High level Petri nets may be a possible and feasible method. We will try to justify if modelling by Petri net for such kind of problem has a chance to be extended to realistic cases.

In the Petri net model, the door assignment and truck time windows are predefined, and in MIP models, the truck time windows are fixed. For future research, models of cross dock management within flexible door assignment and truck time windows could be also an interesting subject.

For the new MIP model proposed in Chapter 5, the computational time of the B&B algorithm becomes excessive with the increasing of size of instances. For the large size instances, a general solver such as CPLEX is no more effective. An efficient and effective method for solving large size instances should be addressed in the future works.

In this dissertation, based on predefined time tables for trucks, we determine the resources in the cross dock. Another strategy could consist in proposing time windows for trucks according to the resources available in the cross dock. 

Appendix

Ré sumé é tendu en Franç ais

La gestion en cross dock est une procé dure logistique efficace et dynamique qui transfè re directement les produits d'un fournisseur à un client avec des duré es de stockage en gé né ral infé rieures à 24h. C'est une straté gie concurrentielle qui peut fournir une amé lioration significative de l'efficacité d'une chaîne logistique.

Le concept de la gestion en cross dock est é limination des opé rations les plus coûteuses dans le centre de distribution (le stockage et le ramassage) et le transfert des marchandises directement à partir de la porte de ré ception aux portes d'expé dition. Les activité s dans un cross dock sont comme suit: les produits des fournisseurs sont acheminé s au cross dock, puis ils sont dé chargé s aux les portes de ré ception, trié s en fonction de leurs destinations et directement transfé ré s vers les portes d'expé dition, aprè s cela, ils sont chargé s dans les camions et livré s aux clients. Les produits demeurent seulement quelques heures dans le centre de distribution.

Dans cette thè se, nous é tudions un problè me d'affectation aux portes et de gestion des ressources dans un cross dock spé cifique. Le cycle des recherches est montré comme suit.

Tout d'abord, nous é tudions la litté rature, et le problè me est formulé comme un modè le de programme mathé matique mixte (MIP). Deuxiè mement, nous proposons une heuristique, basé e sur les algorithmes gé né tiques (GA) pour le ré soudre. Deux mé thodes de ré paration des gè nes sont proposé es. La performance des approches exacte et d'approché e est é valué e. Troisiè mement, afin de vé rifier si les solutions obtenues sont ré alistes, nous construisons un nouveau modè le du cross dock avec les ré seaux de Petri, et ré alisons des simulations. Les ré sultats des simulations sont utiles pour la gestion de ressources dans le cross dock et à partir des ré sultats, nous amé liorons la formulation MIP originale.

Cette thè se est composé e de six chapitres organisé s de la maniè re suivante :

Le chapitre 1 fournit un état de l'art et une analyse bibliographique. -Minimisation du coût total, mais également dans le même temps, de la distance de transport. -Evaluation correcte de la pénalité liée au non-transfert des produits.

L'algorithme génétique et résultats

Les algorithmes gé né tiques (GA) sont des heuristiques de recherche locale qui imitent le processus de la sé lection naturelle. Ils ont é té appliqué s dans de nombreux de domaines. Dans ce chapitre, un algorithme gé né tique est proposé . Les algorithmes gé né tiques fonctionnent sur un ensemble de solutions possibles. En raison de leur nature alé atoire, ces solutions peuvent ê tre bonnes, mauvaises ou irré alisables. Dans notre approche, des contraintes strictes rendent certains chromosomes irré alisables.

Nous proposons donc deux mé thodes pour ré parer ces mauvais gè nes. La premiè re dé saffecte tout simplement les camions incompatibles, tandis que la seconde mé thode essaie de trouver de nouvelles portes où ré affecter les camions incompatibles.

Nous implé mentons nos algorithmes en C++. Trois caté gories des instances: de petite moyenne et grande taille, sont gé né ré es pour tester les performances des deux algorithmes gé né tiques.

En comparant avec les solutions obtenues avec le solveur CPLEX, pour les instances de petite taille, la solution optimale est obtenue dans un dé lai raisonnable, et les ré sultats obtenus par nos algorithmes gé né tiques sont assez proches de la solution optimale. Pour les instances de taille moyenne et de grande taille, nos algorithmes gé né tiques peuvent identifier de meilleures solutions plus rapidement, et font beaucoup mieux que le solveur commercial.

Pour les deux versions d'algorithme génétique, la seconde de méthode de réparation trouve une meilleure population initiale ce qui é vite de considé rer de nombreuses solutions de mauvaise qualité . Pour ré parer un chromosome, la premiè re mé thode est plus rapide. Toutefois, la qualité du chromosome aprè s ré paration par la seconde approche est gé né ralement meilleure. Par consé quent, la seconde version de l'algorithme produit toujours de meilleures solutions en moins de gé né rations, et donc la seconde surpasse la premiè re pour la ré solution du problè me traité .

Modé lisations de cross dock par ré seaux de Petri

Afin d'étudier son fonctionnement plus pré cis et de recueillir des informations sur le cross dock, nous proposons d'effectuer des simulations du fonctionnement de cross dock. Jusqu'à maintenant, le logiciel utilisé le plus souvent pour simuler cross dock est ARENA. Nous proposons et exploitons un nouvel outil, les ré seaux de Petri, pour simuler le cross dock. Les ré seaux de Petri sont un outil mathé matique graphique largement utilisé dans des domaines varié s. Mais nous n'avons pas trouvé d'article qui tente de simuler un cross dock en les utilisant. Ceci constitue une motivation supplé mentaire pour exploiter cette mé thode.

Pour la modé lisation, nous faisons quelques hypothè ses.

-L'affectation des portes aux camions est prédéfinie. Nous utilisons les résultats obtenus dans les chapitres précédents. -Une fois que l'affectation aux portes est déterminée, le réseau de Petri est construit. Pour un même problème, lorsque l'affectation aux portes est différente, les Réseaux de Pétri seront différents. -Avant l'arrivée du premier camion, le cross dock est totalement vide.

La modé lisation est traité e é tape par é tape: dé chargement, tri, chargement. Et puis ces trois é tapes sont inté gré s et le ré seau de Petri associé au cross dock est construit.

Ré sultats de la simulation par Ré seaux de Petri et gestion des ressources

Dans ce chapitre, la simulation à l'aide de ré seaux de Pé tri est traité e avec le logiciel TINA. Au cours des simulations, nous dé terminons les rè gles de franchissement des transitions. Pour toutes les transitions qui peuvent ê tre simultané ment franchissables:

-Priorité de franchissement: les opérations de déchargement ont une plus grande priorité que les transports intérieurs, les transports intérieurs ont une plus grande priorité que les opérations de chargement. -Priorité de franchissement de déchargement: plus tôt le camion arrive au cross dock, plus grande est la priorité qu'il aura pour déchargement. -Priorité de franchissement de chargement: plus tôt le camion arrive au cross dock, plus grande est la priorité qu'il aura pour le chargement.

La performance du cross dock selon le nombre total de ressources disponibles est év alué e. Des diffé rents indicateurs sont calculé s et de nouvelles fenê tres de temps sont proposé es.

-Temps d'achèvement; -Makespan pour chaque poste de travail ; -Intervalles de temps libre; -Ressources libres en chaque instant;

A partir des ré sultats de la simulation, nous amé liorons la formulation MIP initiale. Grâ ce à une nouvelle formulation, nous pouvons obtenir et optimiser les ressources à chaque poste de travail à chaque pé riode de temps. Des instances sont gé né ré es et les ré sultats montrent que le nouveau modè le MIP fonctionne mieux que le modè le original. 

Conclusions et perspectives

Perspectives

Il y a plusieurs pistes qui pourraient ê tre exploré es dans de futurs travaux de recherche.

Tout d'abord, les formulations peuvent ê tre amé lioré es. Des contraintes additionnelles peuvent ê tre ajouté es comme les contraintes de capacité de stockage et sur les transports verticaux, qui rendent les formulations plus proches de certains cas ré els. De plus, le nombre de ressources pour le chargement calculé par le modè le MIP est plus grand que le besoin. A cause du transport interne, certains produits ne peuvent rejoindre à temps les camions sortants et sont stocké s dans une zone de stockage temporaire. Nous calculons cependant les ressources pour le chargement en fonction de la quantité totale de marchandises destiné e aux camions sortants. La contrainte sur le contrôle des ressources de chargement peut donc ê tre amé lioré e.

Pour le premier modè le, un certain nombre d'autres approches heuristiques ou exactes pourraient ê tre exploré es et le développement d'une méthode exacte ad-hoc reste à effectuer .

Nous explorons une nouvelle mé thode, les ré seaux de Petri, pour é tudier un cross dock. Il est é vident que la modé lisation d'un cas de petite taille a conduit à un graphe extraordinairement grand. Au cours des simulations, nous avons implé menté les ré seaux de Petri paquet par paquet, et les transitions franchies ont manuellement une par une. Cela a é té extrê mement complexe, et peu efficace. Dans le futur, une mé thode simple et efficace pour modé liser et simuler un cross dock avec les ré seaux de Petri reste à explorer. Les ré seaux de Petri de haut-niveau peuvent ê tre une mé thode possible.

Au cours de la mise en oeuvre du modèle de ré seau de Petri, l'affectation aux portes et les fenê tres de temps de camions sont pré dé finis, et dans le modè le MIP, les fenê tres de temps des camions sont fixé es. Pour les futures recherches, la modé lisation d'un cross dock avec une affectation flexible aux portes et les fenê tres de temps flexibles est é galement un sujet inté ressant.

Pour le nouveau modè le MIP proposé dans le chapitre 5, avec l'augmentation de la taille des instances, le temps de calcul de l'algorithme Branch and Bound devient excessif et le problè me est infaisable. Donc, pour les instances de grande taille, cette approche directe n'est pas efficace. Une mé thode efficiente et efficace pour ré soudre des instances de grande taille reste un challenge.

A partir des fenê tres de temps pré dé finies, nous calculons les ressources né cessaires dans le cross dock, une autre possibilité serait de proposer des fenê tres du temps pour les camions en fonction du nombre total de ressources disponibles.

Titre: Optimisation et simulation d'une plate-forme gé ré e en cross-dock Ré sumé : La gestion d'une plate-forme selon une straté gie de cross dock est un processus logistique efficace et dynamique qui vise à transfé rer directement les produits d'un fournisseur à un client. Cette thè se aborde les problè mes d'affectation aux portes et de gestion des ressources sous contraintes de fenê tres du temps dans un cross dock spé cifique. Les problè mes sont formulé s comme des modè les de programmation mathé matique mixte (MIP). L'objectif est de minimiser la somme de la distance parcourue dans l'entrepôt et du coût qui contient les coûts lié s aux ressources et un coût de pé nalité .

Une heuristique basé e sur les algorithmes gé né tiques est proposé e pour ré soudre ce problè me. Deux mé thodes de ré paration des gè nes sont dé crites pour rendre les solutions irré alisables ré alisables. Les résultats montrent que l'algorithme génétique surpasse la résolution du modèle MIP à l'aide du solveur CPLEX en un temps donné , pour des instances de taille moyenne et de grande taille. Afin de dé crire le comportement et de recueillir des informations pertinentes sur la gestion en cross docks, nous proposons un modè le basé sur ré seau de Pé tri. Un modè le par ré seau de Pé tri est construit et la simulation est ré alisé e avec le logiciel Tina. Par simulation, avec diffé rents nombres de ressource, nous obtenons des temps pertinents pour amé liorer les fenê tres de temps originales, le makespan de chacun des postes de travail, l'intervalle de temps libre dans le cross dock et la quantité de ressources disponible à chaque pé riode de temps, ce qui peut fournir des conseils utiles à la gestion des ressources.

A partir des ré sultats de la simulation, la formulation MIP est amé lioré e. Non seulement l'affectation aux porte est optimisé , mais é galement le nombre optimal de ressources à chaque pé riode de temps au niveau de chaque poste de travail est dé terminé . Les ré sultats montrent que le nouveau modè le MIP peut de maniè re plus pertinente que le pré cé dent contrôler le nombre de ressources dans le cross dock.

Mots clé s: cross dock, affectation aux portes, ordonnancement, gestion des ressources, algorithmes gé né tiques, ré seaux de Petri.

---------------------------------------------------------------------------------------------------------------------------

Title: Optimization and simulation of a cross-docking terminal Abstract: Cross docking is an efficient and dynamic logistic process that directly transfers goods from a supplier to a customer. This thesis addresses the door assignment and resource management problem with truck time windows constraints for a specific cross dock. The problems are formulated as mixed integer programming (MIP) models. The objective is to minimize the weighted sum of the total travel distance and cost which includes labor cost and penalty cost. A heuristic based on genetic algorithm (GA) is developed to solve the problems. Two gene repair methods are proposed to repair infeasible solutions. The computational results show that genetic algorithms outperforms the solution of MIP model with CPLEX in a given CPU time, for medium and large size instances, and that the second gene repair method outperforms the first one. In order to describe the behavior and gather information on the cross dock, a model based on Petri net is built to study the cross docks and simulations are carried out with Tina. The simulation results for different resource number lead us to obtain the relevant times to improve the original time windows, the makespan at each work station, the free time interval in the cross dock and the free resource number at each time period, which provide relevant information on the resource management. Besides, according to the simulation results, the original MIP formulations are improved. Then we propose a new MIP formulation, which determine not only door assignment, but also resources at each time period at each work station. Computational results reveal that the new MIP model control resources in cross dock more efficiently and outperforms the first model.

Key words: cross dock, door assignment, scheduling, resource management, genetic algorithm, Petri net.
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  , … , 𝑀}, 𝑛 ∈ {1, … , 𝑁}; 𝑣 𝑛 = ∑ 𝑤 𝑚𝑛 𝑀 𝑚=1 , 𝑚 ∈ {1, … , 𝑀}, 𝑛 ∈ {1, … , 𝑁}; Each truck arrives and leaves the cross dock within a time window, we denote: -𝒂 𝒎 : the arrival time of inbound truck m at the cross dock, m∈ {1,…, M}; -𝒅 𝒎 : the departure time of inbound truck m from the cross dock, m∈ {1,…, M}; -𝒂 𝒏 : the arrival time of outbound truck n at the cross dock, n ∈{1,…,N}; -𝒅 𝒏 : the departure time of outbound truck n from the cross dock, n ∈{1,…,N};
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  outbound truck m departs no later than outbound truck n, otherwise 0;The model by[START_REF] Miao | Applying an adaptive tabu search algorithm to optimize truck-dock assignment in the crossdock management system[END_REF] is as follows:
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  Figure 3-1 Genetic algorithm frameworks

  interval [6, 60]; The arrival time of inbound truck m, 𝑎 𝑚 is randomly generated in interval [1, The departure time of inbound truck m, 𝑑 𝑚 is randomly generated as 𝑑 𝑚 =𝑎 𝑚 +[25,40] ; The arrival time of outbound trucks n, 𝑎 𝑛 is randomly generated as 𝑎 𝑛 =[15, The departure time of outbound truck n, 𝑑 𝑛 is randomly generated as 𝑑 𝑛 =𝑎 𝑛 +[25,40].

Figure 3 - 4

 34 Figure 3-4 Total cost with respect to the CPU time for a small size instance

Figure 3 - 7

 37 Figure 3-7 Total cost with respect to the CPU time for a large size instance

Definition 1 :

 1 a generalized Petri net is a 4-tuple N=(P, T, F, W) where P and T are finite, non-empty, and disjoint sets. P is the set of places and T is the set of transitions with 𝑃 ∪ 𝑇 ≠ ∅ and 𝑃 ∩ 𝑇 = ∅. 𝐹 ⊆ (𝑃 × 𝑇) ∪ (𝑇 × 𝑃) is called a flow relation of the net, represented by arcs with arrows from places to transitions or from transitions to places. 𝑊: (𝑃 × 𝑇) ∪ (𝑇 × 𝑃) → ℕ is a mapping that assigns a weight to an arc: 𝑊(𝑥, 𝑦) > 0 if (𝑥, 𝑦) ∈ 𝐹, and 𝑊(𝑥, 𝑦) = 0 otherwise, where 𝑥, 𝑦 ∈ 𝑃 ∪ 𝑇.Definition 2: a marking M of a Petri net N is a mapping from P to ℕ. M(p) denotes the number of tokens in place p. A place p is marked by a marking M if 𝑀(𝑝) > 0. A subset 𝑆 ⊆ 𝑃 is marked by M if at least one place in S is marked by M. The sum of tokens of all places in S is denoted by M(S), i.e., 𝑀(𝑆) = ∑ 𝑀(𝑝) 𝑝∈𝑆 . S is said to be empty at M if M(S)=0. (𝑁, 𝑀 0 ) is called a net system or marked net and 𝑀 0 is called an initial marking of N.Definition 3: let 𝑥 ∈ 𝑃 ∪ 𝑇 be a node of net N=(P, T, F, W). The preset of x is defined as 𝑥 ▪ = {𝑦 ∈ 𝑃 ∪ 𝑇: (𝑦, 𝑥) ∈ 𝐹} . While the postset of x is defined as 𝑥 ▪ = {𝑦 ∈ 𝑃 ∪ 𝑇: (𝑥, 𝑦) ∈ 𝐹}. For 𝑡 ∈ 𝑇, 𝑝 ∈ 𝑡 ▪ is called an input place of t and 𝑝 ∈ 𝑡 ▪ is called an output place of t. For 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑝 ▪ is called an input transition of p and 𝑡 ∈ 𝑝 ▪ is called an output transition of p.
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 44 Figure 4-4 Events described by Petri net in the loading step

  Quantity of goods from supplier m to customer n: 𝑤 𝑚𝑛 = Cost of resource: 𝑐 1 = 𝑐 2 = 2 ; Operation velocity: 𝑝 1 = 𝑝 2 = 5; Time windows of trucks: 𝑎 𝑚 = [ 16 20 39 30 ]; 𝑑 𝑚 = [ 28 36 50 40 ] ; 𝑎 𝑛 = [ 20 42 25 51 ] ; 𝑑 𝑛 = [ 30 50 40 80 ] ;

Figure 4 - 2

 42 Figure 4-2 Model of unloading by Petri net for the case study

Figure 4 - 6

 46 Figure 4-6 Model of sorting by Petri net for flows from IT1

Figure 4 - 7

 47 Figure 4-7 Model of sorting by Petri net for the case study

Figure 4 - 8

 48 Figure 4-8 Model of loading by Petri net for the case study -Goods flows

  Figure 4-9 Example of solution for linearization of shared doors

Figure 4 -

 4 Figure 4-10 Petri net linearized of shared receiving doors

Figure 4 -

 4 Figure 4-11 Petri net linearized of shared shipping doors

Figure

  Figure 4-3 Modification of operations

Figure 4 -

 4 Figure 4-15 Vertical and horizontal transportation in sorting

Figure 4 -

 4 Figure 4-17 Example of 'parallelism' and 'flexibility' problem

Figure 4 - 6

 46 Figure 4-6 Petri net model for simulation at RD1

Figure 5 - 1

 51 Figure 5-1 Relation between the resource number and the completion time of last outbound tuck

-

  Figure 5-2 Relation between the resource number and the sum of completion times

Figure 5 - 3

 53 Figure 5-3 Total free time interval as a function of the different resource number

Figure 5 - 5

 55 Figure 5-4 Makespan in cross dock with N=6

  en plus nombreuses, ce qui reflè te le fait que les cross docks jouent un rôle de plus en plus important dans les systè mes logistiques modernes.
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Table 1 -1 UPS cross dock center 'worldport' key numbers

 1 

	Goods picked up	Local cross dock	Local (loaded in trucks
	by couriers	(sorted by		and delivered to
		destination)	customers)
			Customers
	Non local (Loaded in	WorldPort	Destination local cross
	aircrafts and delivered	(Sorted by	dock (sorted by
	to World Port)	destination)	destination)
		Figure 1-2 UPS network
	Size of operation		5,200,000 square feet
	Maximum sort capacity	416,000 packages per hour
	Parcel processing time	8-43min
	Aircraft docks		70
	Number of conveyors	33,496
	Camera tunnels		546
	Miles of conveyor	155
	Unload positions		325
	Load positions		1,520

Table 1 -2 Classification of cross dock research

 1 

	Network		
	configuration	One single cross dock	One single layer cross dock
	Decision level		
	Strategic level		• Cross dock network design
	Tactical level	• Layout design	
		• Dock door assignment	• Transshipment problems
	Operational level	problems • Vehicle routing problems	
		• Scheduling problems	

Table 1 -3 Material flows

 1 

	Problems	Material flows		
		Supplier	Manufacturing plant	Cross dock terminal	Customer
	Cross dock network design	Multiple	Multiple	Multiple	Multiple
	Layout design			1	
	Dock door assignment problems	Multiple		1	Multiple
	Transshipment problems	Multiple		Multiple	Multiple
	Vehicle routing problems	Multiple-stages		1	Multiple-stages
	Scheduling problems	Multiple		1	Multiple

Table 1 -1 Characteristics of dock door assignment problems

 1 

	Tsui and	
	Chang, 1990	Papers

Table 1

 1 

	-5.

Table 1 -2 Characteristics of truck scheduling problems

 1 

Table 1 -7 Number of articles for each class of problems

 1 

	Problems	Number of papers
	Surveys	6
	Cross dock network design	7
	Layout design	8
	Transshipment	5
	Vehicle routing	5
	Dock door assignment	10
	Scheduling	57

Table 1 -8 Source of articles

 1 

	Source	Number of
		articles
	Journal	59
	Conference	32
	Technical report	2
	PHD thesis	4
	Master thesis	1

Table 1 -9 Source of articles published in journals

 1 According to our reviews, the main research concerns for each problem are shown in Table1-10.

	9																			
	8																			
	7																			review
	6																			scheduling
	5																			door assignment
	4																			transshipment
	3																			vehicle routing
	2																			layout
	1																			cross dock network
	1975	1990	1992	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016

Table 1 -3 Research concerns for each class of problem

 1 

Table 1 -11 Number of articles for each method type

 1 

	method	Number of
		articles
	Exact approaches	11
	Heuristic algorithms	39
	Simulation	13

A lot of researchers use the heuristic algorithms to obtain an approximation value with short computational time. There are a considerable number of heuristic algorithms such as genetic algorithm, tabu search, ant colony optimization, etc. In Table

1

-12, the articles considering with each type of heuristics are presented.

Table 1 -4 Articles describing

 1 

Table 1 -13 Articles related to exact methods and simulation Method

 1 

Articles

Exact methods

  𝑞 𝑚,𝑛,𝑖,𝑗 = 1 if 𝑑 𝑛 ≥ 𝑎 𝑚 + ∆𝑡 𝑖𝑗 , otherwise 𝑞 𝑚,𝑛,𝑖,𝑗 = 0 , m∈ {1,…, M}, n

∈{1,…,N}, i∈{1,…,I}, j∈{1,…, J}; -𝑞 𝑚,ℎ = 1 if inbound truck m departs no later than inbound truck h arrives (𝑑 𝑚 ≤ 𝑎 ℎ ), otherwise 𝑞 𝑚,ℎ = 0, m, h ∈ {1,…, M}; -𝑞 𝑛,𝑢 = 1 if outbound truck n departs no later than outbound truck u arrives

  outbound truck n is assigned to shipping door j, otherwise 𝑦 𝑛𝑗 = 0, n 𝑧 𝑖𝑗𝑚𝑛 =1 if inbound truck m is assigned to receiving door i and outbound truck n is assigned to shipping door j, otherwise 𝑧 𝑖𝑗𝑚𝑛 = 0. These variables are linked by the formula 𝑧 𝑖𝑗𝑚𝑛 = 𝑥 𝑚𝑖 * 𝑦 𝑛𝑗 ;

	∈{1,…,N}, j∈{1,…, J};
	-

-𝒓 𝒊 : number of unloading resources at receiving door i, i∈{1,…,I}; -𝒔 𝒋 : number of loading resources at shipping door j, j∈{1,…, J}; -𝒌 𝒊𝒋 : number of transfer resources between receiving door i and shipping door j for horizontal transportations, i∈{1,…,I}, j∈{1,…, J};

  𝑚 * 𝑥 𝑚𝑖 ≤ 𝑝 1 𝑟 𝑖 (𝑑 𝑚 -𝑎 𝑚 );

			( 2 -7 )
	𝑣 𝑛 * 𝑦 𝑛𝑗 ≤ 𝑝 1 𝑠 𝑗 (𝑑 𝑛 -𝑎 𝑛 );		( 2 -8 )
	2(𝑞 𝑚,ℎ + 𝑞 ℎ,𝑚 ) ≥ 𝑥 𝑚𝑖 + 𝑥 ℎ𝑖 -1, 𝑚, ℎ ∈ {1, … , 𝑀}, 𝑚 ≠ ℎ;	( 2 -9 )
	2(𝑞 𝑛,𝑢 + 𝑞 𝑢,𝑛 ) ≥ 𝑦 𝑛𝑗 + 𝑦 𝑢𝑗 -1, 𝑛, 𝑢 ∈ {1, … , 𝑁}, 𝑛 ≠ 𝑢;	( 2 -10 )
	∑ ∑ ∑ 𝑚, 𝑗, 𝑙,𝑙≤𝑖 𝑎 𝑚 ≤𝑡𝑔 𝑗≥𝑖+1 𝑑 𝑚 ≥𝑡𝑔 ∀𝑖 ∈ {1, … , 𝐼 -1}, 𝑡 𝑔 , 𝑔 ∈ {1 , … , 𝑀 + 𝑁}; ∑ 𝑤 𝑚𝑛 (𝑧 𝑙𝑗𝑚𝑛 + 𝑧 𝑗𝑙𝑚𝑛 ) 𝑑 𝑛 -𝑎 𝑚 𝑛, 𝑑 𝑛 ≥𝑎 𝑚 +∆𝑡 𝑙𝑗 𝑑 𝑛 ≥𝑡𝑔	≤ 𝑝 2 * (𝑘 𝑖,𝑖+1 ),

  improve this formulation. They define the capacity of the receiving door i (𝑆 𝑖 ) and shipping door j (𝑅 𝑗 ), the total quantity of goods from origin m (𝑠 𝑚 ) and total demand to destination n (𝑟 𝑛 ). They propose to replace the constraints (2-19) and (2-21) by capacity constraints where the number of suppliers and of receiving doors can be different and the number of customers and of shipping doors can be also different.The first capacity constraints (2-23) model that the total quantity of goods unloaded at a receiving door cannot exceed the capacity of this door. The second constraints (2-24) model that the total goods arriving at a shipping door cannot exceed the capacity of this door.

	𝑀		
	∑ 𝑠 𝑚 𝑥 𝑚𝑖	≤ 𝑆 𝑖 , 𝑖 = 1, 2, … , 𝐼;	( 2 -23 )
	𝑚=1		
	∑ 𝑟 𝑛 𝑦 𝑛𝑗 ≤ 𝑅 𝑗 ,	

𝑁 𝑛=1

𝑗 = 1, 2, … , 𝐽;

  𝑞 𝑚𝑛 = 1 if truck m departs no later than truck n, otherwise 0;

	The model is as follows:				
				𝐼	𝐼			𝑀	𝑀
				𝑀𝑖𝑛 ∑ ∑ ∑ ∑ 𝑑 𝑖𝑗 𝑤 𝑚𝑛 𝑧 𝑚𝑛𝑖𝑗	;
				𝑖=1	𝑗=1	𝑚=1	𝑛=1	( 2 -25 )
	Subject to:					
				𝐼				
				∑ 𝑥 𝑚𝑖	= 1, 𝑚 = 1,2, … , 𝑀;	( 2 -26 )
				𝑖=1				
			𝑧 𝑚𝑛𝑖𝑗 = 𝑥 𝑚𝑖 * 𝑥 𝑛𝑗 ; 𝑚, 𝑛 = 1, 2, … , 𝑀; 𝑖, 𝑗 = 1, … , 𝐼;	( 2 -27 )
			𝑞 𝑚𝑛 + 𝑞 𝑛𝑚 ≥ 𝑧 𝑚𝑛𝑖𝑖 ; 𝑚, 𝑛 = 1, 2, … , 𝑀; 𝑖 = 1, … , 𝐼 ;	( 2 -28 )
	∑ ∑ ∑ ∑ 𝑤 𝑚𝑛 𝑧 𝑚𝑛𝑖𝑗	-∑ ∑ ∑	∑	𝑤 𝑚𝑛 𝑧 𝑚𝑛𝑖𝑗	≤ 𝐶;	( 2 -29 )
	𝑖	𝑗	𝑚∈{𝑖:𝑎 𝑖 ≤𝑡 𝑟 }	𝑛					𝑖	𝑗	𝑚	𝑛∈{𝑛:𝑑 𝑛 ≤𝑡 𝑟 }

truck m is assigned to door i, otherwise 0; Each truck has an arrival time 𝑎 𝑚 and a departure time 𝑑 𝑚 , and 𝑡 𝑟 corresponds to the 2I values obtained once 𝑎 𝑚 and 𝑑 𝑛 have been sorted (𝑡 1 <=𝑡 2 <=…<=𝑡 2𝐼 ). Constraints (2-26) are assignment constraint, constraints (2-27) are linking constraints, constraints (2-28) ensure that one dock cannot be occupied by two different trucks simultaneously, and constraints (2-29) are capacity constraints which mean the total goods in the cross dock cannot exceed its capacity C at each time 𝑡 𝑟 .

Table 2 -1 Formulation comparison

 2 

	Proposed formulations	Miao et al.	Lim et al.	Lim et al.	Hahn Zhu and	Chang Louis and	Formulations
	2016	2014	2009,	2006	2006	2009	1992	Year
								Scheduling
								constraints
								absence
								Number of doors
								must be equal to
								number of trucks
								Number of
								trucks cannot exceed number
								of doors
								All of the trucks must get assigned	Limitations
								No consideration about penalty
							Overestimate penalty paid
							No consideration about resources

Table 3 -1 Genetic algorithm operators

 3 

	Population	Chromosome	Genes	Algorithms
	Operators Selection	Crossover		
	Population-	Mutation		
	update	Fitness		

  Truck time windows are:

	Truck ID	Arrival time	Depart time	
	1	10		20	
	2	30		40	
	3	15		30	
	4	20		30	
	A chromosome is repaired as follows:			
	Truck ID	1	2	3	4
	Origin chromosome	2	3	2	1
	New feasible chromosome	0	3	2	1

  , we check if 𝑥 𝑚 is in 𝐷 𝑚 . If yes, m keeps its original door and its gene value 𝑥 𝑚 is not be modified. If not, we check the elements in 𝐷 𝑚 .If 𝐷 𝑚 is empty, we put gene value corresponding to truck m to zero. If 𝐷 𝑚 has only one element, the gene value 𝑥 𝑚 is equal to value of this element. If there are several elements in 𝐷 𝑚 , then we choose randomly an element to be the gene value of truck m.Select randomly an element from 𝑫 𝒎 to be 𝒙 𝒎 ;

	28		Else do
	29	
	30	End if
	31	End if
	32	If 𝒙 𝒎 > 𝟎, do
	35	End for
	36	End if
	37	End for
	38	
		18	For each h!=m,where h is in 𝒔 𝒎 , do
		19	If gene value of truck h, 𝒙 𝒉 is larger than 0, do
		20	Eliminate 𝒙 𝒉 from 𝑫 𝒎 ;
		21	End if
		22	End for

Last, we eliminate 𝑥 𝑚 , the gene value of inbound truck m, from the set of doors 𝐷 ℎ where truck h and m are incompatible and 𝑠 ℎ is in S. Algorithm 2 Gene repair for receiving door assignment in GA02 1 For m=1 to M-1, do 2 Insert m in conflict set 𝒔 𝒎 ; 3 For h= m+1 to M, do 4 If truck m and truck h overlap in time windows, do 5 Insert h in conflict set 𝑠 𝑚 ; 6 End if 7 End for 8 If size of conflict set 𝒔 𝒎 is larger than 1, do 9 Insert 𝒔 𝒎 in list of incompatible truck set S; 10 End if 11 End for 12 If 𝑺 is not empty 13 For i =1 to I, do 14 Insert door i in initialDoorSet; 15 End for 16 Initialize all of 𝑫 𝒎 as initialDoorSet; 17 For each 𝒔 𝒎 in set S, do 23 If 𝒙 𝒎 is not in 𝑫 𝒎 , do 24 If 𝑫 𝒎 = Ø, do 25 𝒙 𝒎 = 𝟎; 26 Else if size (𝑫 𝒎 ) = 1, do 27 𝒙 𝒎 =the only element in 𝑫 𝒎 ; 33 For each h in 𝒔 𝒎 where h!=m and 𝒔 𝒉 is in S, do 34 Eliminate 𝒙 𝒎 from 𝑫 𝒉 ;

Table 3 -2 Genetic algorithm parameters

 3 

	Parameters	Behavior	Value
	_populationSize	Numbre of chromosomes in population	100
	_mutationProbability	Rate of mutation	0.3
	_mutationSize	Max number of genes that is mutated	2
	_crossoverProbability	Rate of crossover	0.4
	_numberOfCrossoverPoints Number of crossover points	2

Table 3 -3 CPLEX and genetic algorithms for small size instances

 3 

	Size	4-4-3-3	6-6-3-3	7-7-3-3	9-9-3-3	12-12-3-3
	CPLEX	1217.8	15055.8	16407.2	26452.4	60616
	GA 01	1217.8	15056.6	16407.2	26453.2	60702.6
	GAP (%)	0	0.0053	0	0.003	0.143
	GA 02	1217.8	15055.8	16407.2	26452.4	60616
	GAP (%)	0	0	0	0	0

Table 3 -4 CPLEX and genetic algorithms computation times for small size instances
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	Size	4-4-3-3	6-6-3-3	7-7-3-3	9-9-3-3	12-12-3-3
	CPLEX time(s)	0.67	1.4	3.05	33.95	913.14
	GA01 time(s)	5.56	7.73	8.32	10.09	12.90
	GA02 time(s)	8.13	10.26	12.08	14.80	18.77

Table 3 -5 CPLEX and genetic algorithms for medium size instances
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	Size	10-10-4-4	12-12-4-4	12-12-5-5	15-15-5-5
	CPLEX best				
	integer	35188.6	57698.4	33846.2	64743
	in 600s				
	GA 01	35190.6	57698.4	33835.8	64079.6
	GAP (%)	0.0057	0	-0.03	-1.02
	GA 02	35188.6	57693.2	33825.4	64065.6
	GAP (%)	0	-0.009	-0.06	-1.05

Table 3 -6 CPLEX and genetic algorithms computation times for medium size instances
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	Size	10-10-4-4	12-12-4-4	12-12-5-5	15-15-5-5
	CPLEX time(s)	>600	>600	>600	>600
	GA01 time(s)	26.54	23.49	47.06	64.41
	GA02 time(s)	23.42	26.80	40.90	71.56

Table 3 -7 CPLEX and genetic algorithms for large size instances

 3 

	Size	20-20-	24-24-	20-20-	24-24-	24-24-	28-28-
		8-8	8-8	10-10	10-10	12-12	12-12
	CPLEX						
	best integer	136972	376274	430320	619984	621160	844398
	3600s						
	GA 01	111912	216342.6	84059.6	117437.4	141181.8	219095.4
	GAP (%)	-18.30	-42.50	-80.47	-81.06	-77.27	-74.05
	GA 02	108214.6	215539.4	82816.4	115336.4	135484	211831.2
	GAP (%)	-20.99	-42.72	-80.76	-81.40	-78.19	-74.91

Table 3 -8 CPLEX and genetic algorithms computation times for large size instances

 3 

	Size	20-20-	24-24-	20-20-	24-24-	24-24-	28-28-
		8-8	8-8	10-10	10-10	12-12	12-12
	CPLEX time(s)	>3600	>3600	>3600	>3600	>3600	>3600
	GA01 time(s)	436.36	536.738	802.65	1242.486	2015.134	2279.734
	GA02 time(s)	420.59	494.547	815.72	1178.676	1972.898	2284.284

Table 3 -9 Total cost and generation number by two version algorithms after 600s

 3 

	Size of instances	Total cost GA 01	Total cost GA 02	Generation number by GA 01	Generation number by GA02
	4-4-3-3	1217.8	1217.8	1660	20

Table 3 -10 Total cost, CPU times and generations for a small size instance GA01 total cost CPU Time

 3 

		Generation	GA02	CPU	Generation
		number	total cost	Time	number
	0,094	1	68506	0,094	1
	0,218	49	68502	0,234	73
	0,374	125	68500	0,328	86
	0,515	180	68498	0,406	94
	0,686	329	68230	0,531	130
	0,858	442	67436	0,671	214
	1,045	613	67434	0,749	222
	1,154	624	67434	0,843	233
	1,264	664	67432	0,952	261
	1,513	952	67432	1,108	358
	1,888	1572	67430	1,311	534
	2,153	1999	67430	1,498	696
	3,916	5093	67428	1,623	745
	3,947	5134	67428	1,716	752
	4,742	6517	67428	2,387	1624
	5,086	7096			
	10,249	16505			
	10,405	17007			

Table 4 -1 Some interpretations of transitions and places of Petri net
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	Input places	Transition	Output places
	Preconditions	Event	Postconditions
	Input data	computation step	Output data
	Input signal	Signal processor	Output signal
	Resource needed	Task or job	Resources released
	Conditions	Clause in logic	Conclusion(s)
	Buffers	Processor	Buffers

  14 , 𝑡 14 ), (𝑝 17 , 𝑡 17 ), (𝑝 19 , 𝑡 19 ) represents the goods number that unit source can transport at unit time. Weight of arcs (𝑡 12 , 𝑝 22 ), (𝑡 14 , 𝑝 26 ), (𝑡 17 , 𝑝 20 ), (𝑡 19 , 𝑝 21 ) represents that after each unit time, 5 goods are transferred. Weight of arcs from 𝑡 13 to 𝑝 23 , 𝑝 24 , and 𝑝 25 , weight of arcs from 𝑡 15 to 𝑝 27 and 𝑝 28 , weight of arc from 𝑡 16 to 𝑝 29 , and weight of arc from 𝑡 18 to 𝑝 33 represent the total number of goods to OT1, OT2 and OT4. Weight of arcs from 𝑝 22 , 𝑝 26 , 𝑝 29 , 𝑝 33 to 𝑡 22 , weight of arcs from 𝑝 23 , 𝑝 30 to 𝑡 23 , weight of arcs from 𝑝 24 , 𝑝 27 , 𝑝 31 , 𝑝 34 to 𝑡 24 , and weight of arcs from 𝑝 25 , 𝑝 28 , 𝑝 32 , 𝑝 35 to 𝑡 25 represent the number of goods that need to be assembled for each outbound truck.

Table 4 -2 Representation of places and transitions in the sorting step

 4 

	Place	Representation	Transition	Representation
	𝑝	preparation goods from IT1 to SD2	𝑡 8	IT1 disassembly door by door
	𝑝	preparation goods from IT1 to SD1	𝑡 9	IT2 disassembly door by door
	𝑝	preparation goods from IT4 to SD2	𝑡 10	IT3 disassembly door by door
	𝑝	preparation goods from IT4 to SD1	𝑡 11	IT4 disassembly door by door
	𝑝	preparation goods from IT2 to SD2	𝑡 12	transfer goods of IT1 to SD2
	𝑝	preparation goods from IT2 to SD1	𝑡 13	transfer goods of IT1 to SD1
	𝑝	preparation goods from IT3 to SD2	𝑡 14	transfer goods of IT4 to SD2
	𝑝	preparation goods from IT3 to SD1	𝑡 15	transfer goods of IT4 to SD1
	𝑝	goods from IT2 to SD1 accumulation	𝑡 16	transfer goods of IT2 to SD2
	𝑝	goods from IT3 to SD1 accumulation	𝑡 17	transfer goods of IT2 to SD1
	𝑝	goods from IT1 to OT3 accumulation	𝑡 18	transfer goods of IT3 to SD2
	𝑝	goods from IT1 to OT1	𝑡 19	transfer goods of IT3 to SD1
	𝑝	goods from IT1 to OT2	𝑡 20	transportation is finished
	𝑝	goods from IT1 to OT4	𝑡 21	transportation is finished
	𝑝	goods from IT4 to OT3 accumulation	𝑡 22	assembly of goods to OT3
	𝑝	goods from IT4 to OT2	𝑡 23	assembly of goods to OT1
	𝑝	goods from IT4 to OT4	𝑡 24	assembly of goods to OT2
	𝑝	goods from IT2 to OT3	𝑡 25	assembly of goods to OT4
	𝑝	goods from IT2 to OT1		
	𝑝	goods from IT2 to OT2		
	𝑝	goods from IT2 to OT4		
	𝑝	goods from IT3 to OT3		
	𝑝	goods from IT3 to OT2		
	𝑝	goods from IT3 to OT4		

-

  Time characteristics Arrival time of outbound trucks: The time above transitions 𝑡 50 , 𝑡 51 , 𝑡 52 and 𝑡 53 represents the arrival time of each outbound truck. Time cost of loading operation: the time above transitions 𝑡 26 , 𝑡 27 , 𝑡 28 and 𝑡 29 separately represents the time needed per resource for loading 5 goods (loading velocity p 1 = 5). Resource characteristics Loading consumes resource, so transitions 𝑡 26 , 𝑡 27 , 𝑡 28 and 𝑡 29 are connected with shared resources 𝑝 60 . Weight (𝑝 60 , 𝑡 26 ), (𝑝 60 , 𝑡 27 ), (𝑝 60 , 𝑡 28 ), (𝑝 60 , 𝑡 29 ) stands for the resource number to unload five goods at unit time, and weight (𝑡 26 , 𝑝 60 ), (𝑡 27 , 𝑝 60 ), (𝑡 28 , 𝑝 60 ), (𝑡 29 , 𝑝 60 )stands for the resource number that is released.

	-

Table 4 -3 Representation of places and transitions in the loading step
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	place	representation	transition	representation
	𝑝 36	loading preparation for OT3	𝑡 22	assembly goods for outbound truck OT3
	𝑝 37	loading preparation for OT1	𝑡 23	assembly goods for outbound truck OT1
	𝑝 38	loading preparation for OT2	𝑡 24	assembly goods for outbound truck OT2
	𝑝 39	loading preparation for OT4	𝑡 25	assembly goods for outbound truck OT4
	𝑝 40	loading accumulation of goods to OT3	𝑡 26	loading for OT3
	𝑝 41	loading accumulation of goods to OT1	𝑡 27	loading for OT1
	𝑝 42	loading accumulation of goods to OT2	𝑡 28	loading for OT2
	𝑝 43	loading accumulation of goods to OT4	𝑡 29	loading for OT4
	𝑝 44	OT3 after loading	𝑡 30	OT3 finish loading
	𝑝 45	OT1 after loading	𝑡 31	OT1 finish loading
	𝑝 46	OT2 after loading	𝑡 32	OT2 finish loading
	𝑝 47	OT4 after loading	𝑡 33	OT4 finish loading
	𝑝 48	shipping door SD2 is available	𝑡 34	OT3 leaves from cross dock
	𝑝 49	shipping door SD1 is available	𝑡 35	OT1 leaves from cross dock
	𝑝 54	OT3 is assigned	𝑡 36	OT2 leaves from cross dock
	𝑝 55	OT1 is assigned	𝑡 37	OT4 leaves from cross dock
	𝑝 56	OT2 is assigned	𝑡 38	assignment of OT3
	𝑝 57	OT4 is assigned	𝑡 39	assignment of OT1
	𝑝 68	total goods for loading into OT3	𝑡 40	assignment of OT2
	𝑝 69	total goods for loading into OT1	𝑡 41	assignment of OT4
	𝑝 70	total goods for loading into OT2	𝑡 42	loading begins in OT3
	𝑝 71	total goods for loading into OT4	𝑡 43	loading begins in OT1
			𝑡 44	loading begins in OT2
			𝑡 45	loading begins in OT4
			𝑡 50	OT3 arrives in cross dock
			𝑡 51	OT1 arrives in cross dock
			𝑡 52	OT2 arrives in cross dock
			𝑡 53	OT4 arrives in cross dock

Table 4 -5 Transportation types of goods from inbound trucks to outbound trucks
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		IT1	IT2	IT3	IT4
	OT1	vertical	horizontal	No	No
	OT2	vertical	horizontal	horizontal	vertical
	OT3	horizontal	vertical	vertical	horizontal
	OT4	vertical	horizontal	horizontal	vertical

  Table 5-1.For example, when there is only one resource present at the cross dock, the unloading of inbound truck IT1 starts at time 16 and is finished at time 42, and the loading of outbound truck OT1 starts at time 156 and is finished at time 167.If we improve the truck time windows with these time instants according to different resource number, the waiting time of each inbound/outbound truck for unloading/loading will be reduced. For example, according to the original time windows, IT1 arrive at time 16 and leave at time 28, IT4 arrive at time 30 and leave at time 40. When there is only one resource present in terminal, unloading of IT1 is finished at time 42. If IT4 arrive at time 30, it has to wait 12 time units to be assigned, and 32 time units to be unloaded (IT1 and IT4 are assigned in same door, and unloading of IT4 begins at Thus according to the new time windows, if we put off the arrival time of IT4, much waiting time will be reduced.Compared with the original time windows, we can see that with the resource number grows, the departure time of outbound truck OT3 always has a constraint (according to the original time window, OT3 depart at time 40. while from the new time windows, we can observe that departure time of OT3 is always larger than 40), for which we propose to put off the departure time of the third outbound truck.

		900 time 62).						
		800						
		700						
	time	600						
	completion	300 400 500						
	Sum of	100 200						
		0						
		0	2	4	6	8	10	12	14
								resource number

Table 5 -1 Time windows for different resource number

 5 Free time interval (FTI) is a time period between the arrival time of first truck and the departure time of last truck during which no work is performed in the cross dock.

	Resource						Resource				
	number		Proposed time windows		number		Proposed time windows
	(N)						(N)				
		𝑎 𝑚	16	42	90	62		𝑎 𝑚	16	20	39
	1	𝑑 𝑚 𝑎 𝑛 156 191 167 213 42 62 113 90	7	𝑑 𝑚 𝑎 𝑛	20 26	25 44	43 27
		𝑑 𝑛 167 213 191 239		𝑑 𝑛	28	48	45
		𝑎 𝑚	16	29	53	39		𝑎 𝑚	16	20	39
	2	𝑑 𝑚 𝑎 𝑛	29 86	39 103	64 91	53 115	8	𝑑 𝑚 𝑎 𝑛	20 25	24 43	42 26
		𝑑 𝑛	91	115 103 128		𝑑 𝑛	27	47	44
		𝑎 𝑚	16	25	40	31		𝑎 𝑚	16	20	39
	3	𝑑 𝑚 𝑎 𝑛	25 62	32 74	48 66	41 82	9	𝑑 𝑚 𝑎 𝑛	19 24	23 43	42 25
		𝑑 𝑛	67	82	75	91		𝑑 𝑛	26	46	44
		𝑎 𝑚	16	22	40	31		𝑎 𝑚	16	20	39
	4	𝑑 𝑚 𝑎 𝑛	23 51	28 59	46 53	38 66	10	𝑑 𝑚 𝑎 𝑛	19 23	22 42	42 25
		𝑑 𝑛	54	66	60	73		𝑑 𝑛	25	46	43
		𝑎 𝑚	16	21	40	31		𝑎 𝑚	16	20	39
	5	𝑑 𝑚 𝑎 𝑛	22 30	26 51	45 39	37 56	11	𝑑 𝑚 𝑎 𝑛	19 23	22 42	42 25
		𝑑 𝑛	39	56	51	62		𝑑 𝑛	25	45	43
		𝑎 𝑚	16	20	39	30		𝑎 𝑚	16	20	39
	6	𝑑 𝑚 𝑎 𝑛	21 28	24 45	43 29	35 51	12	𝑑 𝑚 𝑎 𝑛	19 22	22 42	41 25
		𝑑 𝑛	30	50	46	56		𝑑 𝑛	24	45	43

  𝑣 𝑛 * 𝑦 𝑛𝑗 ≤ 𝑝 1 * ∑ 𝑠 𝑗 𝑒 (𝑡 𝑒+1 -𝑡 𝑒 )

		∑ 𝑟 𝑗 𝑒 ′ 𝑒 ′ :𝑒 ′ ≤𝑒	𝑒: (𝑡 𝑒 ′ +1 -𝑡 𝑒 ′ ) + ∑ 𝑎 𝑛 ≤𝑡 𝑒 , 𝑡 𝑒+1 ≤𝑑 𝑛 𝑚:𝑎 𝑚 ≤𝑡 𝑒 ≥ 𝑠 𝑗 𝑒+1 (𝑡 𝑒+2 -𝑡 𝑒+1 ), ∑ ∑ 𝑘 𝑚,𝑛,𝑗-1,𝑗 ; 𝑒′ 𝑒 ′ :𝑒 ′ ≤𝑒 𝑛:𝑑 𝑛 ≥𝑡 𝑒	( 5 -) (𝑡 𝑒 ′ +1 -𝑡 𝑒 ′ )	( 5 -17 )
		𝑤 𝑚𝑛 * 𝑞 𝑚𝑛𝑖𝑗 * 𝑧 𝑙𝑗𝑚𝑛 ≤ 𝑝 2 * ∑ 𝑘 𝑚,𝑛,𝑖,𝑖+1 𝑒 ∀𝑚 ∈ {1, … , 𝑀} , ∀𝑛 ∈ {1, … , 𝑁}, 𝑗 = 𝐽 , ∀ 𝑒 ∈ {1, … , 𝐸}; (𝑡 𝑒+1 -𝑡 𝑒 ),
						𝑒: 𝑎 𝑚 ≤𝑡 𝑒 ,	( 5 -)
		𝑡 𝑒+1 ≤𝑑 𝑛 ∀𝑖 ∈ {1, … , 𝐼 -1}, 𝑙 ≤ 𝑖 ≤ 𝑖 + 1 ≤ 𝑗 or 𝑗 ≤ 𝑖 ≤ 𝑖 + 1 ≤ 𝑙 ; ∑ 𝑟 𝑖 𝑒 𝑖 + ∑ 𝑠 𝑗 𝑒 𝑗 + ∑ 𝑘 𝑚,𝑛,𝑖,𝑖+1 𝑒 𝑖,𝑚,𝑛 ≤ 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑛𝑢𝑚𝑏𝑒𝑟 𝑒 , ∀ 𝑒 ∈ {1, … , 𝐸};
		𝑒: 𝑡 𝑒 ≤𝑑 𝑛		
		∑ 𝑘 𝑚,𝑛,𝑖,𝑖+1 𝑒 ′	(𝑡 𝑒 ′ +1 -𝑡 𝑒′ )	≥ 𝑘 𝑚,𝑛,𝑖+1,𝑖+2 𝑒+1	(𝑡 𝑒+2 -𝑡 𝑒+1 ),
		𝑒 ′ : 𝑒 ′ ≤𝑒 𝑡 𝑒 ′ ≥𝑎 𝑚			( 5 -)
	∀𝑙 ∈ {1, … , 𝐼} , ∀𝑗 ∈ {1, … , 𝐽}, 𝑙 ≤ 𝑖 ≤ 𝑖 + 1 ≤ 𝑗 , ∀ 𝑒 ∈ {1, … , 𝐸};
		𝑒: 𝑡 𝑒 ≤𝑑 𝑛		
		∑ 𝑘 𝑚,𝑛,𝑖,𝑖+1 𝑒 ′ 𝑒 ′ ≤𝑒 𝑡 𝑒 ′ ≥𝑎 𝑚 𝑒 ′ :	(𝑡 𝑒 ′ +1 -𝑡 𝑒′ )	≥ 𝑘 𝑚,𝑛,𝑖-1,𝑖 𝑒+1	(𝑡 𝑒+2 -𝑡 𝑒+1 ),	( 5 -)
	∑ ∑ 𝑟 𝑖 𝑒 ′ (𝑡 𝑒 ′ +1 -𝑡 𝑒 ′ )	≥ ∑	∑ 𝑘 𝑚,𝑛,𝑖,𝑖+1 𝑒+1	(𝑡 𝑒+2 -𝑡 𝑒+1 ),
	𝑖	𝑒 ′ :𝑒 ′ ≤𝑒			𝑚:𝑎 𝑚 ≤𝑡 𝑒	𝑛:𝑑 𝑛 ≥𝑡 𝑒	( 5 -)
	∀𝑚 ∈ {1, … , 𝑀} , ∀𝑛 ∈ {1, … , 𝑁}, ∀𝑖 ∈ {1, … , 𝐼 -1} , ∀𝑗 ∈ {1, … , 𝐽}, ∀ 𝑒 ∈
						{1, … , 𝐸};
	∑ 𝑟 𝑗 𝑒 ′	(𝑡 𝑒 ′ +1 -𝑡 𝑒 ′ ) + ∑	∑ ∑ 𝑘 𝑚,𝑛,𝑗-1,𝑗 𝑒′	(𝑡 𝑒 ′ +1 -𝑡 𝑒 ′ )
	𝑒 ′ :𝑒 ′ ≤𝑒				𝑚:𝑎 𝑚 ≤𝑡 𝑒	𝑛:𝑑 𝑛 ≥𝑡 𝑒	𝑒 ′ :𝑒 ′ ≤𝑒
			+ ∑ ≥ 𝑠 𝑗 𝑒+1 (𝑡 𝑒+2 -𝑡 𝑒+1 ), ∑ ∑ 𝑘 𝑚,𝑛,𝑗,𝑗+1 𝑒 ′ 𝑒 ′ :𝑒 ′ ≤𝑒 𝑛:𝑑 𝑛 ≥𝑡 𝑒 𝑚:𝑎 𝑚 ≤𝑡 𝑒	(𝑡 𝑒 ′ +1 -𝑡 𝑒 ′ )	( 5 -)
	∀𝑚 ∈ {1, … , 𝑀} , ∀𝑛 ∈ {1, … , 𝑁}, ∀𝑗 ∈ {1, … , 𝐽} , 𝑗 + 1 ≤ 𝐽&&𝑗 -1 ≥ 1,
						∀ 𝑒 ∈ {1, … , 𝐸};
	∑ 𝑟 𝑗 𝑒 ′	(𝑡 𝑒 ′ +1 -𝑡 𝑒 ′ ) + ∑	∑ ∑ 𝑘 𝑚,𝑛,𝑗,𝑗+1 𝑒′	(𝑡 𝑒 ′ +1 -𝑡 𝑒 ′ )
	𝑒 ′ :𝑒 ′ ≤𝑒	𝑛:𝑑 𝑛 ≥𝑡 𝑒 𝑒+1 (𝑡 𝑒+2 -𝑡 𝑒+1 ), 𝑚:𝑎 𝑚 ≤𝑡 𝑒 ≥ 𝑠 𝑗	𝑒 ′ :𝑒 ′ ≤𝑒	( 5 -)
						123

c: cost per resource; 𝑡 𝑒 : Make all the 𝑎 𝑚 𝑠, 𝑑 𝑚 𝑠, 𝑎 𝑛 𝑠 and 𝑑 𝑛 𝑠 in an increasing order, and let 𝑡 𝑒 (e=1,2,…, 𝑡 E ) correspond to these numbers such that 𝑡 1 < 𝑡 2 < ⋯ < 𝑡 E ; 𝑒 ∈ [1, … , E] , and for ∀ 𝑒 1 , 𝑒 2 ∈ [1, … , E], and 𝑡 e 1 ≠ 𝑡 e 2 ; ∀𝑙 ∈ {1, … , 𝐼} , ∀𝑗 ∈ {1, … , 𝐽}, 𝑗 ≤ 𝑖 ≤ 𝑖 + 1 ≤ 𝑙 , ∀ 𝑒 ∈ {1, … , 𝐸}; ∀𝑚 ∈ {1, … , 𝑀} , ∀𝑛 ∈ {1, … , 𝑁}, 𝑗 = 1 , ∀ 𝑒 ∈ {1, … , 𝐸};

A1. Parameters generated for a small size instance

  59 33 31 7 27 21 16 33 41 46 8 53 53 30 35 28 14 55 57 15 30 52 6 41 34 29 29 39 45 32 49 19 20 54 58 52 41 45 44 34 53 37 47 28 20 46 49 34 19 27 56 58 30 50 60 60 53 9 40 42 18 54 47 44 27 29]; 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚𝑛 = [33 40 33 35 36 37 30 31 25 39 40 33 33 25 36 25 28 30 27 39 32 38 39 3727 31 39 32 33 28 25 34 29 32 26 39 30 31 36 39 28 30 34 28 34 31 35 36 33 27 32 30 28 27 40 38 33 38 32 36 38 31 37 31 38 38 38 29 38 31 39 27 37 27 32 39 40 32 26 39 26 35 39 39 28 30 3038 31 32 26 30 34 33 36 26 40 29 36 38 34 30 26 33 37 26 31 25 35 38 28 29 30 29 38 36 37 29 35 28 32 38 28 40 32 34 32 32 40 33 37 34 32 38 29 26 35 26 32 39 25 26 29 40 31 35 30 25 28 27 29 38 37 28 33 36 34 40 34 40 39 31 36 35 39 28 38 36 30 33 38 25 30 30 37 38 40 37 32 26 38 31 25 30 36 30 28 33 38 35 26 32 26 39 30 32 38 30 32 36 29 36 32 32 31 36 34 35 30 26 30 37 27 35 39 27 37 30 25 35 30 31 25 26 31 39 26 34 25 26 37 32 31 28 25 31 25 30 36 30 37 31 37 28 37 39 30 34 31 25 28 32 36 40 40 39 27 30 25 40 27 30 38 31 33 31 38 26 27 25 34 35 27 39 36 25 26 26 27 27 25 31 25 40 32 30 31 34 29 38 39 34 34 39 33 36 31 26 27 33

	𝑎 𝑚 = [115 89 70 77 106 82 100 31 86 74 1 36 62 78 120 16 62 93 73 2 60 119 6 11];
	𝑑 𝑚 = [140 124 99 115 144 109 134 57 122 114 28 61 91 106 153 48 90 120 107 31 93 158 41
	42];	
	𝑎 𝑛 = [79 100 134 84 84 50 62 132 52 40 106 44 34 130 17 63 54 25 52 36 110 30 21];
	M=N=12, I=J=3; 𝑑 𝑛 = [113 125 170 121 133 113 88 91 162 86 69 142 79 72 160 48 100 92 61 84 70 137 65
	60];	𝑐 1 = 𝑐 2 = 2; 𝑝 1 = 𝑝 2 = 2;
	31 22 51 49 25 14 16 26 22 17 32 24 𝑤 𝑚𝑛 = [39 7 21 12 39 41 56 40 26 22 32 20 14 38 37 37 16 32 16 26 35 47 12 47
		25 16 50 51 45 13 37 50 51 22 50 44 18 51 57 57 52 41 15 8 52 45 43 16 55 20 38 41 26 31 26 24 57 20 32 48 33 8 38 60 29 39 10 41 20 9 43
		39 54 35 9 36 34 59 25 37 11 24 41 29 31 53 49 58 49 29 48 56 47 27 9 46 26 6 55 26 21 6 37 40 20 49
		𝑤 𝑚𝑛 = 43 20 58 25 38 56 18 59 29 41 6 40 24 33 20 58 44 58 18 21 46 38 25 10 44 19 13 41 13 9 37 59 13 43 48 12 47 7 19 7 42 14 49 6 55 6 23 20 11 37 56 32 24 55 46 52 54 47 33 32 40 18 14 50 58 57 11 48 8 9 54 50 14 54 11 22 50 19 51 22 39 24 59 8 49 45 25 41 35 42 12 36 59 30	;
		40 12 56 44 39 9 32 44 27 58 34 56 29 12 14 51 27 30 56 30 32 38 11 19 16 60 47 40 53 36 22 57 44 7 14 38 35 36 24 37 22 9 40 51 50 55 55
		[ 10 34 29 29 35 56 48 46 32 50 22 43 27 45 31 58 58 34 45 7 42 22 49 14 6 37 6 28 14 41 53 32 56 25 58 40 34 40 7 44 10 21 16 15 11 41 53 ] 9 16 51 6 6 57 24 29 60 34 42 26 53 27 25 52 59 48 43 49 21 38 56 58
		𝑎 𝑚 = [ 73 190 13 1 175 193 91 160 230 123 3 189 ]; 48 57 47 48 25 12 19 40 55 40 56 19 43 29 49 51 50 34 33 46 9 10 48
		𝑑 𝑚 = [ 105 225 46 40 207 229 126 196 256 157 42 224 ]; 23 38 12 15 33 50 52 55 25 57 32 51 52 58 22 10 9 31 40 58 7 34 11
		𝑎 𝑛 = [ 140 89 61 117 140 25 69 29 200 220 149 243 ]; 𝑑 𝑛 = [ 171 114 92 156 172 65 104 58 235 247 175 275 ]; 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 𝑚𝑛 = [ 30 28 40 35 39 31 33 29 27 40 26 32 35 37 36 39 37 29 28 38 27 39 28 36 29 32 40 30 38 35 30 25 40 31 28 30 40 35 36 40 30 36 29 35 36 28 34 27 34 30 33 36 25 26 31 33 31 27 36 39 27 37 25 36 31 34 26 30 33 40 27 27 36 37 26 37 33 34 26 39 38 30 27 28 34 29 33 35 26 30 28 38 31 39 38 33 34 32 31 29 40 39 28 25 28 35 29 36 28 37 34 39 28 27 28 32 35 34 39 37 34 26 28 30 38 38 25 39 25 30 32 40 34 28 40 28 33 38 27 25 37 31 25 35 ] ; A2. Parameters generated for a large size instance M=N=24, I=J=12; 58 12 40 32 44 50 38 60 26 49 46 6 27 51 59 44 7 21 14 48 49 59 28 59 58 9 49 30 37 24 45 52 58 51 60 39 23 39 33 54 49 47 35 42 51 38 22 41 8 58 33 17 15 55 16 28 51 6 20 38 38 10 23 54 59 56 49 44 39 17 45 6 31 41 39 15 33 39 30 38 8 49 30 26 14 12 7 31 28 6 10 38 34 43 49 38 45 49 57 41 40 16 46 11 29 33 30 55 45 27 42 45 10 32 27 53 59 22 11 17 16 9 51 50 32 33 37 14 50 13 60 9 50 22 55 11 18 52 28 37 58 55 35 20 31 6 51 39 48 14 26 58 20 13 28 10 10 18 36 6 31 7 50 52 35 50 27 54 53 45 58 50 15 17 6 39 15 6 50 59 36 57 28 47 51 32 11 31 42 57 47 44 60 26 55 60 39 44 32 26 54 52 47 33 45 19 24 42 46 51 48 34 33 16 9 37 43 47 39 18 41 19 40 56 20 9 29 29 43 8 57 7 49 48 25 9 49 7 40 13 44 28 54 32 34 20 45 9 50 33 41 59 48 17 36 35 33 34 31 30 29 36 39 28 37 38 32 26 27 26 40 34 39 27 27 38 39 35 36 30 28 35 32 36 38 39 28 28 28 30 34 32 37 38 30 29 26 33 38 39 39 25 33 40 37 35 27 34 28 36 28 36 37 30 27 36 33 32 33 27 37 34 25 27 29 38 34 26 30 39 39 28 39 28 27 37 32 31 39 27 35 26 30 39 39 39 34 40 36 27 35 32 40 39 38 32 25 36 35 39 39 32 38 29 33 32 35 39 29 34 29 33 37 31 32 38 25 32 28 26 38 28 39 28 29 32 30 27 25 35 30 35 34 28 31 27 35 40 26 27 32 34 40 30 30 35 31 35 40 37 33 39 33 31 27 40 28 31 28 38 33 38 32 40 34 39 40 32 30 37 40 28 35 32 26 37 40 31 25 27 30 37 33 27 38 27 33 25 34 36 28 33 32 35 33 34 39 33 40 28 32 57 19 21 25 31 39 27 29 37 30 30 37 38 28 30 32 25 29 35 30 27 40 27 38 27 32 25 25 26 34 32 32 34 32 25 28 37 27 40 33 25 40 26 31 39 32 38 38 26];
		𝑐 1 = 𝑐 2 = 2; 𝑝 1 = 𝑝 2 = 2;

B2. Integration model for case UNLOADING INTERNAL TRANSPORTATION LOADING N

  

  Ré sumé de la contributionCette thè se traite du problè me d'affectation aux portes et de la gestion des ressources dans un cross dock sous des contraintes de fenê tres de temps. Tout d'abord, nous proposons une analyse de la litté rature et des problè mes de gestion de cross docks. Deuxiè mement, nous dé crivons l'agencement d'un cross dock, et une formulation MIP est é laboré e pour dé crire le problè me d'affectation aux portes. Une comparaison entre des formulations similaires existantes est effectué e. Troisiè mement, nous proposons une heuristique, basé e sur les algorithmes gé né tiques, pour ré soudre ce problè me. Ensuite, afin d'étudier les flux dans un cross dock, nous construisons un modè le à l'aide des ré seaux de Petri pour dé crire le comportement du cross dock et effectuer des simulations en utilisant le logiciel TINA. Enfin, suite aux ré sultats de la simulation, nous amé liorons le modè le original proposé . Les ré sultats avec la nouvelle formulation montrent qu'une meilleure estimation des ressources est réalisée.

67 articles traitent des problè mes opé rationnels, tels que les problè mes d'affectation aux portes et les problè mes d'ordonnancement. Ces articles sont classifié s et analysé s selon leurs auteurs et les mé thodes utilisé es : mé thodes exactes, heuristiques et simulation.

Dans cette thèse, nous abordons plus spécifiquement l'optimisation de l'affectation aux portes sous des contraintes de fenê tre du temps, en prenant en compte explicitement la gestion des ressources dans le cross dock, et dé veloppons de nouvelles mé thodes d'optimisation et de simulation.

List of algorithm

The third one, illustrated in Figure 3-2.c, take the first parents sequentially from the selection result set, and the second parents are chosen randomly. The last one, illustrated in Figure 3-2.d, takes the best chromosome in the selection set for the first parent and the second parents are sequentially taken.

In our implementation, we use the first selection strategy. Then, the crossover operator is defined as follows: in each parent, two cross points are chosen, a child is created by copying gene values from parents in turns, changing the source parent when it reaches a cross point. Every pair of parents produces two offspring chromosomes.

For example:

The process of performing crossover operation to make new child chromosomes from two given parents is detailed as follows:

1 Weight of arcs represents the goods flows in cross dock. In this section, we explain how to simplify the defined weight of arcs. For example, in unloading step, weight of arc from 𝑡 0 to 𝑝 4 is 122 which is the total goods number from inbound truck IT1, and weight of arc from 𝑝 4 to 𝑡 4 is 5 which represent the unloading velocity. In section 4.2.1, we set up weight (𝑡 0 , 𝑝 4 ) =125, and weight (𝑝 4 , 𝑡 4 ) =5, and in the following, we simplify this part using an equivalent weight as weight (𝑡 0 , 𝑝 4 ) =25, and weight (𝑝 4 , 𝑡 4 ) =1, as shown in Figure 4-10. The other weight of arcs in sorting step and loading step is set up like this.

-Initial marking

For the initial marking, we suppose that the system is totally unloaded before the first inbound truck enters.

Hypothesis 5 we suppose that for the inbound/outbound trucks which are assigned in a same receiving/shipping door, the earlier the truck arrives in terminal, the greater priority it has for assignment.

Considering the assignment order of inbound and outbound trucks, the initial marking is set up as The integration of these three operations is the final Petri net description, refer to Appendix B1.

Improvement of model

In this section, we propose several methods to make the Petri net be closer to the real case.

-Improvement about operations For all of the operations that consume time and resources, we divide each of their corresponding transitions into two transitions shown in Figure 4 In the Figure 5-6, we can see that with increasing of value N, the free resource number increases. It is obvious that free resource number is an importance factor to evaluate the work efficiency and the resource utilization in cross dock. If there are not enough resources in terminal, a lot of goods cannot be shipped and more penalties will be paid, and if there are too many resources, a lot of resources will be unused.

Considering the results of simulations, we can see that setting the number of resources to 6 seems to be a relevant choice: it can maximum stay in step with the original windows, the terminal efficiency seems to be very good and resource utilization can be accepted. The resource number obtained by the MIP formulations is 12 (see Section 4.2).

The MIP model for computing the resource number is not accurate enough and will be improved in next section. ( -2 ) ( -9 ) start earlier than that from the closest columns (i+1 to i+2). Constraint (5-13) is subject to the fact that m is at the right of n (l >= j). Then goods from m to n are transported from right to left. So the transportation in the farthest column (i to i+1) start earlier than that in closest column (i-1 to i).

The purpose of constraint (5-14) is to control that the unloading operation for an inbound truck starts before the sorting operation starts. The left term is the total goods quantity unloaded before 𝑡 𝑒+1 , and it is superior to the right term which is the goods quantity transported between any column (i to i+1) at time period 𝑡 𝑒+2 -𝑡 𝑒+1 .

The purpose of constraint (5-15) is to control that the loading operation for an outbound truck starts after the sorting operation starts. Goods for a shipping door j before time 𝑡 𝑒+1 can be: vertically transport from receiving door i=j, horizontally transport from left column i=j-1(second term in left), and horizontally transport from right column i=j+1. The sum of these three terms is superior the quantity loaded at shipping door j during time interval 𝑡 𝑒+2 -𝑡 𝑒+1 . Constraints (5-16) (5-17) are as constraint (5-15). Constraint (5-16) is for the first column (j=1) and constraint (5-17) is for the last column ( j=J).

Constraint (5-18) determines the resource number at each period, and constraint (5-19) determine the minimal resource number required in the cross dock.

Computational results

In this chapter, we use CPLEX 12.5 to run the Branch and Bound algorithm on the new formulation. The computational results as follows.

For the instance considered in Section 4.2. The results are as follows.

Objective = 2320938; Door assignment:

Resources for unloading:

𝑟 𝑖 𝑒 = [ 0 2 0 0 2 0 0 0 3 0 0 6 0 1 0 3 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ];

Resources for loading:

𝑠 𝑗 𝑒 = [ 0 0 2 2 1 2 2 0 3 0 0 0 2 3 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 ];

Resources for internal transportations: The total number of resource: minresourcenumber= 6.

Compared with the original results, we can see that with the new MIP formulation, the objective value is better, the resources at each work station are known for each time interval, the total resources are lower. The total resources are equal to the result obtained by the Petri net model.

The material flows from inbound trucks, via cross dock, to outbound trucks are illustrated in Figure 5-7. The resource distribution between work stations at each time interval is given in Figure 5-8.

As described in Figure 5-7, the first operation is the unloading of each inbound truck (IT1, IT2, IT3 and IT4). Green rectangles represent goods to OT1, pink rectangles represent goods to OT2, bleu rectangles represent goods to OT3, yellow rectangles represent goods to OT4. The second operation is internal transportation from receiving doors to shipping doors, where for example, T12 represents transportation from IT1 to OT2, and T24 represents transportation from IT2 to OT4. The last operation is the loading of outbound trucks (OT1, OT2, OT3 and OT4), the meaning of the different colors is as for unloading operations. The curved arrows represent the goods flows.

In Figure 5-8, we represent five work stations: unloading at receiving door RD1 and RD2, internal transportation between column 1and 2, and loading at shipping SD1 and SD2. The length of rectangles is associated with the resource quantity.

From the results above, we can see that the minimal resource number is equal to the value obtained by Petri net simulation. The entire process in the cross dock, from unloading, via sorting, until to loading, seems to be more accurately modelled. Loading at SD2

For evaluating the performance of the new MIP formulation, 5 classes of instances with different sizes are generated. Each class includes 5 instances. These instances are generated according to the rules defined in section 3.5.2, and the results are shown in Le chapitre 3 propose une heuristique basé e sur les algorithmes gé né tiques pour le problè me considé ré au chapitre 2. Deux mé thodes de ré paration des gè nes sont fournies.

Le chapitre 4 dé taille comment construire un modè le de cross docks avec les ré seaux de Pé tri.

Le chapitre 5 détaille les résultats obtenus par la simulation à l'aide des Réseaux de Pé tri : de nouvelles fenêtres du temps, le makespan en chaque poste, l'intervalle de temps libre dans cross dock sont obtenus. Cela conduit à amé liorer la formulation MIP pour mieux gé rer les ressources.

La derniè re partie rappelle les contributions principales de cette thè se. Des perspectives inté ressantes pour la suite sont proposé es.

Etat de l'art

Par rapport au centre de distribution traditionnel, les points forts des plate-formes gé ré es en cross dock sont comme suivants : la ré duction des coûts, l'é conomie de l'espace de stockage, la ré duction des dé lais de livraison, la ré duction des risques de dommages des produits et de l'obsolescence.