Keywords: semantic web, ontology, logistic, optimization, web services, owl, description logic, vehicle routing problem, passenger train problem, container terminal problem

Logistic problems are often complex combinatorial problems. These may also implicitly refer to the processes, actors, activities, and methods concerning various aspects that need to be considered. Thus the same process may involve the processes of sale/purchase, transport/delivery, and stock management. These processes are so diverse and interconnected that it is difficult for a logistic expert to compete all of them. In this thesis, we propose the explications with the help of ontologies of conceptual and semantic knowledge concerning the logistic processes. This explicit knowledge is then used to develop a reasoning system to guide the logistic expert for an incremental and semi-automatic construction of a software solution to an instantly posed problem. We define an ontology concerning the inter-connected logistics and associated optimization problem. We, henceforth, establish an explicit semantic link between the domains of logistics and the optimization. It may allow the logistic expert to identify precisely and unambiguously the confronted logistic problem and the associated optimization problem. The identification of the problems then leads to a process to choose the solutions ranging from the choice of the precise logistic process to be implemented to that of the method to solve the combinatorial problem until the discovery of the software component to be invoked and which is implemented by a web service. The approach we have adopted and implemented has been experimented with the Vehicle Routing Problems, the Passenger Train Problems, and the Container Terminal Problems.

Ontologies et Web Sémantique pour une construction évolutive d'applications dédiées à la logistique Résumé

Le domaine de la logistique implique souvent la résolution de problèmes combinatoires complexes. Ces derniers font également implicitement référence à des processus, acteurs, activités et méthodes concernant divers aspects qu'il faut considérer. Ainsi, un même problème peut faire intervenir des processus de vente/achat, transport/livraison et gestion de stock. Ces processus sont tellement divers et interconnectés qu'il est difficile pour un logisticien de tous les maîtriser. Dans cette thèse, nous proposons l'explicitation, par le biais d'ontologies, de connaissances conceptuelles et sémantiques concernant les processus logistiques. Ces connaissances explicites sont alors mises à contribution pour construire un système à base de connaissances permettant de guider les logisticiens dans la construction, de façon incrémentale et semi-automatique, de solutions informatiques à un problème qui leur est posé à un moment donné. Nous mettons en oeuvre une ontologie concernant le domaine de logistique connectée à une ontologie associée à la problématique de l'optimisation. Nous établissons ainsi un lien sémantique explicite entre le domaine de la logistique et celui de l'optimisation. Cela permet aux logisticiens d'identifier de façon précise et sans ambiguïté le problème logistique auquel il est confronté et les problèmes d'optimisation associés. L'identification des problèmes conduit alors à un processus de choix des solutions allant du choix du processus logistique précis à mettre en oeuvre à celui de la méthode de résolution du problème combinatoire et cela jusqu'à la découverte du composant informatique à invoquer et qui est matérialisé par un service web. L'approche que nous avons adoptée et mise en oeuvre a été expérimentée avec les problèmes de routage de véhicules, le problème de transport ferroviaire de passagers et le problème de terminaux de conteneurs.
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Introduction

The Logistics Processes involve different types of flows such as physical flows, financial documents, products, etc. It deals with multiple systems on different geographical areas. The logistics processes are a network of activities of manufacturers, suppliers, transporters, and customers. Each of these actors perform different activities to achieve their well established goals. Sometimes, their activities and time schedules may generate difficult situations. There may also emerge situations with conflicting objectives.

The storage of such diverse data demand to define a common vocabulary for its better understanding. It is for this reason, we propose an ontology based approach to share the different aspects of logistics. We define the ontologies for the logistic problems, which are further extended to associate the optimization methods that resolve these problems. It is therefore, we propose to develop a reasoning system capable to manage the logistic and optimization ontology repositories. It allows a logistic expert to interact with the logistic repositories with the help of queries.

The main objective ofn this thesis, is to provide the logistic experts a tool that can assist them in the understanding, implementation, and evolution of different processes constituting their "business".

We attempt to treat the unclearness of the various logistic processes. Therefore, we propose to use the ontologies and semantic web to reduce the ambiguity among logistic processes. The logistics expert need to know the exact type of logistic problem to seek an optimal solution. Hence, we explore the conceptual domain of logistics and optimization, to built the ontology repositories. We define the various logistic problems along with optimization methods to solve them. These solution methods can be further associated with the existing software components (web services) that implement these methods.

A logistics expert can identify her problem by specifying its characteristics. (S)he describe the language elements (vocabulary) used in her domain. The reasoning system may assist him to specify the vocabulary to identify the problem. It may then propose the optimization methods, that can be used to solve the identified problem. We use semantic modeling to establish these associations. The reasoning system leave the liberty to logistic expert to choose a proposed optimization method and it subsequently assist the logistic expert to transfer the problem data to a web-service that implements the selected method.

We explain the semantic model on three levels of abstraction: the general level, logistic problem level, and the process level. The general level defines the concepts of logistic. The logistic problem levels defines the concepts regarding different characteristics of logistic problems. The process level defines the associations between logistic problem and the optimization concepts.

We develop an Ontology Based Reasoning System that uses the conceptual domain of logistics and optimization. The global architecture of Reasoning System includes the Process builder, the Query Engine, the Artifacts Repository, the Ontologies repositories, and the web services.

The core of reasoning system is ontologies. We use the Description logic languages to analyze and define the concepts, relationships (roles), and the axioms. We benefit from the semantic web techniques to develop and extract the knowledge in the ontologies.

We initially define the concepts and roles of some general logistic problems to validate the proposed approach. These problems are Vehicle Routing Problem (VRP), the Passenger Train Problems (PTP), and the Container terminal Problems (CTP). We then define the axioms to identify the exact variant of logistic problems.

The manuscript in this thesis is organized as follows:

The chapter 1 discusses the principles of logistics and optimization technique. It purposes a layer based representation of key elements on these two areas, particularly those which were the subject of our interest in the context of this thesis. The chapter 2 describes the main conceptual tool; we define the notion of ontologies. We discuss the main structures to implement ontologies and

Part I Introduction

Chapter1

The Concepts of Logistics and Optimization

In this chapter, we review the major principles of logistics and the optimization techniques, we also discuss the relationships among the different logistic concepts such as the relationships between the logistics processes and the optimization techniques and so on their dependencies on the algorithms which implements them. We can then broadly classify this study in two parts.

In the first part, we discuss the general concepts of logistic and main logistics elements. Initially, we consider the Supply Chain Management (SCM) and its key issues. We, henceforth, discuss the difference between the logistics Management and the Supply Chain Management. We, later on, explain the global optimization of Supply Chain Management, and finally, we specify the logistics transport with the help of our established vocabulary.

During the second part, we mainly focus to review the optimization concepts to further optimize the logistics problems. In this study we explore the involved optimization's problems and methods (adopted for logistics). Therefore, we classify these concepts and discuss the Mathematical Formulation of optimization. We illustrate this study with the help of the examples taken from the transportation problems and formulate the concerned optimization methods.

Introduction of Logistics

The term "Logistics" originates from the ancient Greek word. Generally, logistics may be defined as "the processes of planning, implementing, and controlling the efficient, effective flow and storage of goods, services, and related information from point of origin to point of consumption for the purpose of conforming to customer requirements" [START_REF] Rhonda R Lummus | The relationship of logistics to supply chain management: developing a common industry definition[END_REF]. It has been often used in the context of the current business logistics. It is also used in the military discipline, as means of the supply of necessary arms, ammunition and rations, whenever they are needed. For example when the arrange has to move from it's own base to a forward position.

The business logistics originally concerns "The management related to the positioning of resources". The logistics may be a branch of engineering that deals with the "people based systems" rather than "machine based systems". The modern logistic concepts and practices lead to provide cost and time effective services not only for military but also for the non-military organizations, mainly having the commercial activities. The logistic, in this regard, provides multiple services, like transport of goods from one point to another, warehousing them in a suitable place, inventory control, packaging, and other administrative activities such as order processing, etc. [START_REF] Md | Logistics and supply chain management[END_REF].

The Elements of Logistics

The Figure 1.1 shows the general elements of logistics. The logistics may include five key elements such as the management of transport, warehouses, inventories, packaging and information processing. We briefly discuss each one of them, in the following.

Transport management

Transport is among the major elements of most logistics services. The significant components of transport management may involve : either multimodal or intermodal. -the transport infrastructure according to the geographical conditions and the type of delivery such as overnight express, normal, long distance, etc. -the load planning (in the cargo unit), scheduling, and routing.

Warehouse management

The warehouse management may implicate the number of warehouses and their different locations. Which means the warehousing policy, is it central (involving one warehouse) or it is conceptually decentralized (involving multiple warehouses, distributed on different locations). It refers also to the size of warehouse (s), type of storage such as for refrigerated cargo, electronics, garments, and eventually the material handling equipment [START_REF] Md | Logistics and supply chain management[END_REF].

Inventory management

The inventory management may include strategical decisions such as what to stock, how much to stock, and where to stock? Inventory management is different from the warehouse management, because inventory management is mainly concerned with the amount of stock (either of the products or of raw material) whereas the warehouse management deals with the housing aspect of this stock [START_REF] Md | Logistics and supply chain management[END_REF].

Packaging

The packaging is also among the important elements of logistics. It concerns each product at its different levels such as raw material, semi-finished, finished. The cost of packaging may depend on the type of product. For example, for higher value goods, the packaging cost can also be more whereas for the raw material the cost has to be relatively less [START_REF] Md | Logistics and supply chain management[END_REF].

Information processing

Information processing provides a liaison to put together the whole logistic system. The growth of reasonably priced hardware and software has put sophisticated management information systems within the reach of even the smallest organization. Indeed firms are now linking their internal logistics information systems with those of their vendors and customers as a means of adding more value to the entire chain. Such an open exchange of information can result in faster order placement, quicker benefit delivery, and greater accountability throughout the logistics process [START_REF] Md | Logistics and supply chain management[END_REF].

Supply Chain Management

The Supply Chain Management (SCM) is a very diversified domain. It has never been simple to decide what to include or exclude in the SCM and its constituents. Its subsequent activities can be different even among the people involved in the same processing chain. Essentially, it involve the activities related Figure 1.2 -The Logistics Network [START_REF] Simchi-Levi | Designing and Managing the Supply Chain: Concepts, Strategies, and Case Studies. McGraw-Hill International Edition[END_REF] to the flow and transformation of goods; from the raw materials to the finished products; and also from the manufacturing until the delivery to the end user.

The SCM can also be considered as a set of approaches used to efficiently integrate suppliers, manufacturers, warehouses, and stores. So that the merchandise is produced and distributed at the right quantities, to the right locations, and at the right time, in order to minimize system wide costs while satisfying service level requirements [START_REF] Simchi-Levi | Designing and Managing the Supply Chain: Concepts, Strategies, and Case Studies. McGraw-Hill International Edition[END_REF].

The SCM study may lead to several observations.We may refer to the Figure 1.2 to further explain the complex interactions among different logistic elements. It may consider each effective facility related to the cost and the roles involved in the making of the product, then its delivery to the customers. It may further consider the supplier locations, manufacturing facilities through warehouses, and later on deliveries towards the distribution centers, retailers, and stores.

The general objective of SCM is to be efficient and cost-effective across the entire the system. It asks to minimize the total system wide costs including the distribution of inventories of raw materials, goods progress, finished products and eventually their transportation. Thus, the emphasis is not on simply minimizing the transportation cost or reducing inventories but to address a formalized approach for entire supply chain management.

In fact the Logistics Management is a sub-set of SCM that persuade primarily the efficient management of goods. Although, in the current study, we consider the SCM in its broader terms which refers the connections from the manufacturers (through suppliers and transporters) to the consumers [START_REF] Stadtler | Supply chain management-an overview[END_REF].

An efficient SCM premise upon an effective integration of customers, manufacturers, and suppliers through the different storage locations. It urges to undergo through established activities at many levels i.e. from the strategic level (through the tactical) to the operational level [START_REF] Simchi-Levi | Designing and Managing the Supply Chain: Concepts, Strategies, and Case Studies. McGraw-Hill International Edition[END_REF].

The key issues in Supply Chain Management

The debatable issues of supply chain management can be extended to the set of core activities of a company. It may instigate the activities on different strategic and decision levels, as discussed below :

-The issues, involved at the strategic level, can have a long-lasting effect on the company. The depending decisions may concern the product design; what to make internally and what to outsource. It might concern supplier selection and the strategic partnering. Furthermore, it may concern the decisions regarding the number, location, and capacity of warehouses, manufacturing plants, and the flow of material through the logistics network. -The issues, involved at the tactical level, can effect the periodic decisions.

Mainly, they require the updates on different time intervals, for instance at every quarter or every year, etc. The decisions may concern the purchasing and production at fixed time periods, inventory policies, and transportation strategies. -The issues, at operational level, concerns the daily (routine) decisions such as scheduling, lead time quotations, routing, and truck loading, etc.

In the following, we discuss some of the key issues, questions, and trade-off associated with different decision types.

Distribution network issues

The Distribution Network Configuration deals with several factories (producing products) for a set of retailers, that are distributed on different geographical areas. So, which set of warehouses is appropriate? and what management needs to be reorganized or redesigned in the distribution network?

Warehouse management issues

Any change in warehouses management can effect the production and then the factories and transportation, etc. Their management depends on production levels for each product at each factory. It requires to know, how many warehouses are used? and what are their locations and capacities?.

Transportation management issues

These concern the management of the set of transportation fleets between facilities, either from factory to warehouse or from warehouse to retailer, in order to reduce the total cost of production, inventory, and transportation to further satisfy the service level requirements.

Inventory control issues

Inventory control consider the retailers that maintains an inventory of a particular product. Whereas the customers demand changes over time, the retailer can use only historical data to predict demand. The retailer's objective is to decide at what point to record a new batch of the product, and how much to order so as to minimize the inventory ordering and holding costs. Such as why should the retailer hold inventory in the first place?

Production source issues

Production Sourcing may include many source industries that provide the basic ingredients to manufacture the product. These need to find a balance between transportation and manufacturing costs. In particular these aim to reduce the production costs. It typically implies that each manufacturing facility is responsible for a small set of products so that large batches are produced, hence reducing the production costs. These issues are not necessarily independent of each other. There are not only many common causes but also the homogeneous problems among different issue sources. Their management is a complex optimization problem. The comprehension of this heterogeneity is further complicated while we need to find optimal solutions. For example, production source issues may lead to higher transportation costs. Similarly, reducing the transportation costs could imply that each facility is flexible and has the ability to produce most or all products, but this leads to small batches and hence increases production costs. Finding the right balance between the two cost components is difficult but needs to be done monthly or quarterly.

The global optimization of SCM

Optimization of Supply Change Management issues is a significant challenge, even at an abstract level. In this case, building the best system-wide or with globally optimal integrated solution is a difficult task. A variety of factors contribute to this challenging problem :

1. The supply chain has many facilities distributed over a large geography.

2. The different facilities have different conflicting objectives such as the suppliers and manufacturers want to produce consistently large quantities with flexible delivery dates while distributors also wants the same usually on urgent demands. Unfortunately, although most manufacturers would like to implement long production runs, they need to be flexible to their customers' needs and changing demands. Thus, the suppliers goals are in direct conflict with the manufacturers desire of flexibility [START_REF] Simchi-Levi | Designing and Managing the Supply Chain: Concepts, Strategies, and Case Studies. McGraw-Hill International Edition[END_REF].

Indeed, the production decisions are typically made without precise information about customer demand. The ability of manufacturers to match supply and demand depends largely on their ability to change supply volume as information about demand arrives. Similarly, the manufacturers objective of making large production batches typically conflicts with the objectives of both warehouses and distribution centers to reduce inventory. To make matters worse, this latter objective of reducing inventory levels typically implies an increase of the transportation costs [START_REF] Simchi-Levi | Designing and Managing the Supply Chain: Concepts, Strategies, and Case Studies. McGraw-Hill International Edition[END_REF].

3. The supply chain must be a dynamic system that evolves over time. This means not only do customer demand and supplier capabilities change over time, but supply chain relationships also evolve over time. For example, as customers power increases, there is increased pressure placed on manufacturers and suppliers to produce an enormous variety of highquality products and, ultimately, to produce customized products [START_REF] Simchi-Levi | Designing and Managing the Supply Chain: Concepts, Strategies, and Case Studies. McGraw-Hill International Edition[END_REF].

4. System variations over time are also an important consideration. Even when demand is known precisely (e.g., because of contractual agreements), the planning process needs to account for demand and cost parameters varying over time due to the impact of seasonal fluctuations, trends, advertising and promotions, competitors pricing strategies, and so forth. These time-varying demand and cost parameters make it difficult to determine the most effective supply chain strategy, the one that minimizes system wide costs and conforms to customer requirements [START_REF] Simchi-Levi | Designing and Managing the Supply Chain: Concepts, Strategies, and Case Studies. McGraw-Hill International Edition[END_REF].

The global optimization of SCM implies the significance of optimization not only across the supply chain facilities, but also across all the processes associated with the development and supply chains. That mean, it is important to identify processes and strategies that optimize, alternatively, synchronize, both chains simultaneously [START_REF] Simchi-Levi | Designing and Managing the Supply Chain: Concepts, Strategies, and Case Studies. McGraw-Hill International Edition[END_REF].

Optimizing the logistics transportation

The transportation is among the most important elements of logistics and supply chain management. It deals, on the one hand, with the number of costumers who need some kind of goods, and on the other hand, with the number of dispatchers (e.g. warehouses or producers) who provide these goods. The transportation is the task for organizing such shipping or transport. It primarily requires to gather the information about the possible means of transport, the costs for using different vehicles or for renting and maintaining additional warehouses/hubs [START_REF] Tseng | The role of transportation in logistics chain[END_REF]. When this information is available, it further investigates the number of possible ways to organize the traffic. The significant factors in such choices can be as follows :

-Which dispatcher will deliver goods to which customers ? -In what quantity the goods are dispatched ? -What is the capacity (maximum truck load) of dispatcher during a transportation ? -Do we transport our goods directly from one destination to the other or do we consolidate them somewhere else ?

Our choice must not rely solely on chance or some very general considerations, but it should be optimized in some way. Optimization targets may be different, we could opt for minimizing cost, minimizing time (or some kind of delay), minimizing environmental impacts, etc [START_REF] Md | Logistics and supply chain management[END_REF].

Even if we decide to optimize the overall cost, this does not mean that we ignore the other possible optimization targets. A delivery which takes a long time may cost a lot of money, and furthermore, usual time restrictions must be applied. Restrictions or constraints are generally an important concept to keep in mind. As normally, the aim, to reduce the costs, is limited by factors like working hours or maximum truck loads which have to be checked for every "solution" that come up with. Otherwise, it would be a risky choice and might not be feasible.

Up to this point, the following should have been done :

1. Gather all relevant information.

2. Decide what must be optimized.

Look for possible restrictions or constraints of the problem.

The mathematical model has to be formulated to accurately represent the problem. It has two major advantages:

-The model and also the optimization question becomes very precise. This allows a formal finding of a solution, to determine whether it is feasible or not. -It permits the implementation of the solution by using the executable algorithm to solve the problem. It means a solution is attempted to be found and improved in each step by searching the strategies from which the understanding of the problem can be derived.

The algorithm should be short and compatible for small instances to be executed reasonable time. The solution should be presentable in a table or in form of a graph in a human comprehensible way. It can be helpful, if the strength of the algorithm can be compared to a naive solution, or to the other algorithms along with the optimal solutions. At least one of the algorithms presented should be strong enough to give nearly optimal solutions to the example problems [START_REF] Md | Logistics and supply chain management[END_REF].

Optimization concepts versus the logistics problems

The optimization is an important tool in decision science for the analysis of physical and logistics systems. In order to use this tool, some objectives that are quantitative measures of the performance of the system, must be identified. These objectives could be profit, time, potential energy, or these can also be a combination of quantities that can be represented by a single number.

The objective depends on certain characteristics of the system, called variables. The goal is to find values of the variables that give the optimal value for the objective. Often the variables are restricted, or constrained.

The optimization may consider the certain optimization problem and optimization methods (algorithms). Among the classification of optimization methods, some can be adopted in the logistics domain. In the following, we discuss some of those which can provide the guidance to better classify both the logistics optimization problems and methods [START_REF] Nocedal | Numerical optimization[END_REF].

Continuous Optimization versus Discrete Optimization

Some models make sense if the variables take values from a discrete set, often a subset of integers, whereas other models contain variables that take real value. Models with discrete variables are called discrete optimization problems, while the models with continuous variables are called continuous optimization problems [START_REF] Ocenasek | Estimation of distribution algorithm for mixed continuous-discrete optimization problems[END_REF]. We can classify the optimization methods (depending on optimization problem) into Continuous Optimization Methods and Discrete Optimization Methods. Continuous optimization problems tend to be easier to solve than discrete optimization problems. The smoothness of the functions means that the objective function and constraint function values at a point x can be used to deduce information about points in a neighbourhood of x [START_REF] Gropp | Optimization Environments and the NEOS Server[END_REF].

Unconstrained Optimization versus Constrained Optimization

Another distinction is between problems with or with out constraint variables. Unconstrained optimization problems arise directly in many practical applications, they also arise in the reformulation of constrained optimization problems in which the constraints are replaced by a penalty term in the objective function. Constrained optimization problems arise from applications in which there are explicit constraints on the variables. The constraints on the variables can vary widely from simple bounds to systems of equalities and inequalities that model complex relationships among the variables. Constrained optimization problems can be further classified according to the nature of the constraints (e.g. linear, nonlinear, convex) and the smoothness of the functions (e.g. differentiable and non differentiable) [START_REF] Gropp | Optimization Environments and the NEOS Server[END_REF].

None, One or Many Objectives

The majority of optimization problems have a single objective function. There exist some cases with multiple objective functions while there also exist some cases with no objective function. Multi-objective optimization problems arise in many fields, such as logistics, when optimal decisions need to be taken in the presence of trade-offs between two or more conflicting objectives. While in case of feasibility problems, the goal is to find values for the variables that satisfy the constraints of a model with no particular objective to optimize. Also, the complementarity problems are pervasive in engineering and economics. The goal is to find a solution that satisfies the complementarity conditions [START_REF] Gropp | Optimization Environments and the NEOS Server[END_REF].

Deterministic Optimization versus Stochastic Optimization

The deterministic optimization assumes that the data for the given problem are known accurately. However, for many actual problems, the data cannot be known accurately for a variety of reasons. The first reason is due to simple measurement error. The second and more fundamental reason is that some data represent information about the future, for example product demand or price for a future time period, and simply cannot be known with certainty. The uncertainty is incorporated into the model. Robust optimization techniques can be used when the parameters are known only within certain bounds, the goal is to find a solution that is feasible for all data and optimal in some sense [START_REF] Gropp | Optimization Environments and the NEOS Server[END_REF].

Stochastic programming models take advantage of the fact that probability distributions governing the data are known or can be estimated. The goal is to find some policies that are feasible for all (or at least for one) of the possible data instances and optimizes the expected performance of the model. Usually, we can choose among the many optimization methods to a solve an optimization problem. They exist mostly in form of algorithms (implemented in some programming language or integrated in some software tool). Still, there isn't a universal optimization method but rather a collection of algorithms, each one can be tailored to a particular type of optimization problem [START_REF] Nocedal | Numerical optimization[END_REF].

The user may avail the liberty to choose a suitable method. This choice is important, as it may determine whether the problem would be solved rapidly or slowly and, whether the solution would be found at all.

After the application of an optimization model. We must be able to identify the fact that the solution has been found or not. In many cases, there are mathematical expressions known as optimal conditions. These can be used to test whether the current set of variables can provide the solution to the problem. If the optimal conditions are not satisfied, they may give useful information on how the current estimate of the solution can be improved. The model can then be improved by applying techniques such as sensitivity analysis, which reveals the sensitivity of the solution to changes in the model and data. The interpretation of the solution in terms of the application may also suggest different ways in which the model can be refined or improved (or corrected) [START_REF] Nocedal | Numerical optimization[END_REF].

The mathematical formulation of an optimization problem

The mathematical formulation of optimization is written considering the minimum or the maximum values of the objective functions, depending on constrained variables.

In the following, we discuss some of the notations used in our formulations :

-X is the vector of variables, also called, unknowns or parameters.

-OF is the objective function, a (scalar) function of Xthat we wish to maximize or minimize. c i are constraint functions, which are objective functions of X. It define certain equations and inequalities to satisfy the unknown vector X.

There exit many optimization formulation, for instance, let us take an example of transportation problem for illustration purpose. It may arise in manufacturing and transportation as shown in Figure 1.3.

It primarily concerns a chemical company that has 2 factories denoted as F i , where i {1, 2}, and a dozen retail outlets denoted as R j where j {1, . . . , 12}. Each factory F i can produce a i tons of a certain chemical product each week, a i is called the capacity of the factory. Each retail outlet R j has a known weekly demand denoted as b j (weekly demand of outlet j) in tons of the product. The cost of shipping for one ton of the product from factory

F i to retail outlet R j is c ij .
The problem is to determine, how much of the product to ship from each factory to each outlet so as to satisfy all the requirements and minimize the cost. The variables of the problem are X ij , i {1, 2} and j {1, . . . , 12}, where X ij is the number of tons of the product shipped from factory F i to retail outlet R j . We can define the problem as follows : 

OF =min c ij X ij (1.1) 12 j=1 X ij ≤ a i , i {1, 2} (1.2) 2 1=1 
X ij ≥ b j , j {1, . . . , 12} (1.3)

X ij ≥ 0, i {1, 2}, j {1, . . . , 12} (1.4) 
This type of problem is known as a linear problem, since the objective function and the constraints are all linear functions. In a more practical model, we can also include costs associated with manufacturing and storing the product [START_REF] Nocedal | Numerical optimization[END_REF].

The Optimization Methods

Optimization is the act of achieving the best possible result under given circumstances. The goal of all such decisions is either to minimize the effort or to maximize the benefit. The effort or the benefit can be usually expressed as a function of variables.

Hence, optimization method is the process of finding the conditions that give the maximum or the minimum value of a function. It is obvious that a point x may either correspond to the minimum value of a function f x , or the point x may correspond to the maximum value of the function f x . There is no single method available to solve all the optimization problems efficiently. Hence, a number of methods have been developed to solve the different types of problems.

The optimization methods are also known as mathematical programming techniques, which are a branch of Operations Research (OR). The operations research can be composed of the following areas :

-Mathematical programming methods : these are useful in finding the minimum of a function of several variables under a prescribed set of constraints. -Stochastic process techniques : these are used to analyze problems which are described by a set of random variables of known distribution. -Statistical methods : these are used in the analysis of experimental data and in the construction of empirical models.

The Mathematical programming is a vast area of mathematics and engineering, it can include, among others, the followings :

-calculus of variations and optimal control, -linear, quadratic and non-linear programming, -geometric programming, -integer programming, -network methods (PERT), -game theory.

The stochastic methods are partly random input data arising in such areas as real-time estimation and control, simulation-based optimization where Monte Carlo methods run estimates of an actual system and problems where there is experimental (random) error in the measurements of the criterion [START_REF] Marco | The exact feasibility of randomized solutions of uncertain convex programs[END_REF].

In these cases, the knowledge about the function values is contaminated by random "noise". It leads naturally to algorithms. We can use statistical inference tools to estimate the "true" values of the function and/or make statistically optimal decisions about the next steps. These methods can be classified into :

-stochastic approximation (SA), -stochastic gradient descent, -finite-difference SA, -simultaneous perturbation, -scenario optimization.

Conclusion

In this chapter, we discuss the principle of Logistics and the Optimization. In fact, it is necessary to define clearly the general concepts of these two domains. We briefly review the basic elements of logistics and their correspondences that can mitigate the different logistic issues. We later on claim that the logistics problems are most often the optimization problems. These may require one or many objective functions to be satisfied. It is for this reason, we proceed with the mathematical formulation of these problems and propose logistics and optimization ontologies to better understand and solve them. For instance, we choose the transportation problem, among other supply chain management issues, for the sake of illustration. In the next chapter, we discuss in detail the ontologies and semantic web technologies in relevance to solve the logistics issues. These concepts are used to further develop the logistics and optimization ontologies as shown in chapter 5 and 6. These ontologies also express relationships between the logistics and optimization concepts.

Chapter 2

The Ontologies and Semantic Web

Introduction

An ontology is the formal specification of a concept and its relationships among other associated terminologies within a system. It bridges the gape of lack of vocabulary in different domains to establish the formal links and enables the knowledge sharing. These can further be made available to a larger public by the use of semantic web technologies. In our work, we initially proceed with the explicit definition of the logistics concepts, and the problems by means of ontologies. We then enable a user access to choose the available solutions with the help of semantic web techniques. These are later on developed in form of a reasoning system that provide the assistance to a logistic expert to define his problem and chose a result. We then integrate a tool set to deal with the defined ontologies, making them available for the user to query his problems and find an optimal solution using the semantic web language and description logic.

In this chapter, we present the definition of the principle ontologies used in our proposed system. We intend to compare the defined ontologies between the knowledge representation and database schema. For this purpose, we use the description Logic which provides the formal foundation of ontologies. Meanwhile, we also present the semantic web tools along with some standard languages used to implement the ontologies. [START_REF] Hayder | Ontology Based Reasoning to Solve Container Terminals Problems[END_REF] 

The Ontologies

An Ontology can be defined as "a formal, explicit specification of a shared conceptualization". The conceptualization refer to an abstract model representing how people think about things in the real world, usually restricted to a particular subject area. An explicit specification means that the concepts and relationships in the abstract model are given explicit names and definitions [START_REF] Uschold | Ontologies and semantics for seamless connectivity[END_REF]. In this regard :

-The definition term is a specification, the meaning of concept or relationship depends on its name. -Formal means the use of an encoding language to define the specification of the "meaning". The aim is to avoid confusing incoherent definitions.

Generally the used languages are logic-based ones. These languages have yet been used for many decades to represent the knowledge in the Artificial Intelligence community. -Formality is an important way to avoid the ambiguity that is prevalent in natural language and other informal notations. These also opens the door for automated inference to derive new information from the specification meanings. -Shared means the main purpose of an ontology that is generally to be used and reused across different applications and communities.

There has been much discussion on what exactly counts as an "ontology", however there is a common core that runs through virtually all approaches :

-A vocabulary of terms that refers to the things of interest in a given domain. -Some specifications of meaning for the terms, ideally grounded in some form of logic.

The Ontologies can represent many different kinds of things. The things can be represented as concepts in the ontology (sometimes called classes) and are typically arranged in taxonomies of classes and sub-classes. At most each class is associated with various properties (also called slots or roles) describing the features and attributes as well as various restrictions on them (sometimes called facets or role restrictions). An ontology can include a set of instances (also called individuals) of the classes constituting a knowledge base.

Ontologies versus Knowledge Representation

Ontologies are one of the important constituents of semantic-based technologies which include the areas of knowledge representation and automated inference that arise within the Artificial Intelligence community.

In the literature and development community, many different representations for formalism have been explored, and reasoning engines are being continuously developed. The important feature of these technologies is the proven existence of a trade-off between representational power of a language (i.e. the ability to represent/express many different kinds of knowledge) and the efficiency of the reasoning engines.

Nowadays, the ontologies have become a sub-area of the knowledge representation. The knowledge representation languages are used to represent formal ontologies, and standard inference engines are used to make reasoning over ontologies. Similarly, the knowledge bases (KB) can be used to provide a better backbone for the ontology. The major difference between ontologies and KB has been that the ontologies are the fact that focus on knowledge sharing [START_REF] Uschold | Ontologies and semantics for seamless connectivity[END_REF].

The Ontology Application Scenarios

The definition of the ontology may be a "shared and common understanding of a domain that can be communicated between people and application systems". We first identify scenarios for the community within the system, called as ontology application scenarios. We, later on, adopt them to show a particular situation of ontologies and then use them for some specific purpose. We discuss in below, the ontology application scenarios considered as four categories of ontology applications. Each one of these categories can identify one or more specific application scenarios. For example, the neutral authoring category may include two scenarios (as described here after) concerning the authoring ontology and authoring operational data [START_REF] Jasper | A framework for understanding and classifying ontology applications[END_REF].

Neutral Authoring

In neutral authoring, the principle is to give the company the possibility of authoring for developing her own neutral ontology. Therefore, translators can be developed from this ontology for the required terminology by the different target systems. Moreover, this scenario allows knowledge reuse, improve maintainability, and long term knowledge. The neutral ontology must include features ensuring no information loss in translation. There fractures may be supported by all of the target systems. The trade-off here is a loss of functionality of some of the tools due to the fact that certain special features may not be usable.

Ontology-based Specification

This scenario can also be called "Ontology-Driven Software Engineering". The idea is to consider the ontology of special domains as a basis of a software system specification. The idea is to first create an ontology characterizing and specifying a certain domain and use this ontology as a partial set of requirements for building the software.

Common Access to Information

This scenarios has a basic idea, it uses the ontologies through multiple target applications (or humans), accessing the heterogeneous sources of information which are otherwise unintelligible. The advantage of this scenario is the gain of interoperability and knowledge reuse.

The scenario can be categorized into different ways, as follows :

1. The direct consumers of the information may be humans or computer applications.

2. The information artifacts may play the role of an ontology, or operational data. The later may be non-computational (e.g., product data) or computational (e.g., web-services).

The important distinction concerns target applications that accept working on same shared ontology or whether each has its own local ontology. In the former case, the information is made intelligible one via translators, and in the later case, via ontology mapping rules. Finally, access to the information may be via sharing or exchange [START_REF] Jasper | A framework for understanding and classifying ontology applications[END_REF].

Ontology-based Search

This scenario mostly deals with information facilitating search. The ontology is used as a structuring device for information repository. The ontology can then be used as advanced indexing mechanism into such repositories.

The Description Logic

Description Logic (DL) are formal languages generally used for knowledge representation and reasoning [START_REF] Baader | Basic description logics[END_REF]. The DLs have been used to represent the knowledge representation before the advent of ontologies and Semantics Web. These are standardized by the World Wide Web Consortium (W3C) [START_REF] Krötzsch | A description logic primer[END_REF]. These include a family of languages widely used to define ontological models.

The DLs have been used as modeling languages since the mid 1980s. As, the name Description Logic indicates they can be equipped with a formal logic-based semantic. It is one of the characteristics of these languages. Such formal semantic allows humans and systems to exchange the knowledge without ambiguities of its real meaning, and also infer additional information from the facts that depends on the logical deduction in an ontology [START_REF] Krötzsch | A description logic primer[END_REF]. The important feature is assertion on reasoning as a central service. The reasoning allows one to infer implicitly represented knowledge from the knowledge contained in the knowledge base [START_REF] Baader | Basic description logics[END_REF].

Description Logic supports inference patterns that occur in many applications of intelligent systems, and it is used by humans to describe and understand the world that is classified into concepts and individuals [START_REF] Baader | Basic description logics[END_REF].

The maturity of the field is reflected by the adoption of description logic as specification paradigm for ontological descriptions. It is culminating in the standardization of the OWL1 web ontology language by the World Wide Web Consortium (W3C) and tools for automated inference [START_REF] Rudolph | Foundations of description logics[END_REF]. The TBox introduces the terminology, i.e., the concepts of an application domain, while the ABox contains assertions about named individuals in terms of this concepts and Rbox contains roles or predicates representing relations between the individuals [START_REF] Baader | Basic description logics[END_REF].

For example, an ontology, modeling the domain of people and their family relationships may use the following :

-Concepts, such as P erson that is either Male or Female -Individuals, such as john is a Male and juila is a Female -Role, such as Marriage to represent the relation between individual set i.e., Marriage(john, juila).

The DL ontology does not fully describe a particular situation. It consists of a set of statements called axioms, each of which must be true in the described situation. These axioms typically capture only partial knowledge about the situation that the ontology is describing, and there may be many different states of the world that are consistent with the ontology [START_REF] Krötzsch | A description logic primer[END_REF].

The Description Logic languages

The general elements of DL languages can be specified as atomic concepts and roles. The complex descriptions can be built from them inductively with concept constructors.

Let us use the letters A and B to denote atomic concepts and the letter R for atomic roles. Let us also use letters C and D to denote concept constructors. The Description languages are distinguished by the constructors they provide. In this section, we discuss various languages from the family of ALlanguages (Attributive Languages).

The language AL has been introduced in 1991 by Schmidt as a minimal language [START_REF] Baader | Basic description logics[END_REF]. It is of practical interest. There are other languages of this family defined as extensions of AL.

The syntax of concept descriptions in AL can be formed according to the following :

C, D → A | (AtomicConcept) | (U niversalConcept) ⊥ | (BottomConcept) ¬A | (AtomicN egation) C ∩ D | (Intersection) ∀R.C | (V alueRestriction) ∃R. (LimitedExistentialQuantif ication).
The negation AL may be applied to atomic concepts. Only the top concept is allowed in the scope of an existential quantification over a role. The formal semantic AL-concepts can be specified by interpretation I that consist of a nonempty set I (the domain of the interpretation) and an interpretation function. The interpretation function assigns to every atomic concept A a set A I ⊆ I and to every atomic role R a binary relation R I ⊆ I × I . The interpretation function is extended to concept descriptions by the following inductive definitions:

I = I ⊥ I = φ (¬A) I = I \ A I (C ∩ D) I = C I ∩ D I (∀R.C) I = {a I | ∀b.(a, b) R I → b C I } ∃R. I = {a I | ∃b.(a, b) R I }
Let us consider, the two concepts C and D are equivalent, we then write

C ≡ D, if C I = D I
for all interpretations I. For instance, going back to the definition of the semantic of concepts, one can easily verify that ∀hasChild.Female ∩ ∀hasChild.Student and ∀hasChild.(Female ∩ Student) are equivalent [START_REF] Baader | Basic description logics[END_REF].

The Terminological Knowledge with TBox Axioms

TBox axioms describe relationships between concepts. For example, the fact that all females are person is expressed by the concept inclusion :

Female P erson (2.1)
In this case, we can say that the concept Female is subsumed by the concept P erson. Such knowledge can be used to infer further facts about individuals.

Therefore, the equivalence concepts must have the same instances. Boolean concept constructors provide basic Boolean operations. The conjunction, disjunction, and negation of logical expressions are closely related to the familiar operations of intersection, union, and complement of sets [START_REF] Krötzsch | A description logic primer[END_REF].

For example, the Mother concept is subsuming of Female because all mothers are females. Also that all Mother is a P arent, but what we really mean is that mothers are exactly the Female P arent. The DL support such statements Female ∩ P arent by allowing us to form complex concepts such as the intersection (also called conjunction), it represents the set of individuals that are both Female and P arent. A complex concept can be used in axioms in exactly the same way as an atomic concept, e.g., in the equivalence :

Mother ≡ Female ∩ P arent (2.2)
Union (also called disjunction) is the dual of intersection. For example, the concept Mother ∪ Father describes those individuals that are either Father or

Mother. Again, it can be used in an axiom such as

P arent ≡ Father ∪ Mother (2.3)
This states a Parent as either a Father or a Mother (and vice versa). Sometimes we are interested in individuals that do not belong to a certain concept, e.g., the Women who are not Married. These could be described by the complex concept :

Female ∩ ¬Married (2.4) 
Where the complement (also called negation) ¬Married represents the set of all individuals that are not married. It can be useful to be able to make a statement about every individual, e.g., to say that everybody is either a Male or a Female. This can be accomplished by the axiom:

⊆ Female ∪ Male (2.5)
Where, the top concept is a special concept with every individual as an instance, it can be absolutely viewed as a union for the concept and his complement such as C ∪ ¬C.

According to this modeling nobody can be both a Male and a Female at the same time. We can declare the set of male and the set of female individuals to be disjoint [START_REF] Krötzsch | A description logic primer[END_REF].

Female ∩ Male ⊆⊥ (2.6)
Where, the bottom concept ⊥ is inverse of , it means no individual can be a instance of both. This can be shown, as follows :

⊥ ∩ = φ (2.7)
The additional concept expressions, combined with the equivalence and inclusion, can describe the complex situations such as the analysis of concept, which asserts that two concepts do not share any instances.

Asserting facts with ABox axioms

The ABox axioms capture knowledge about named individuals. The most common ABox axioms are concept assertions such as Julia is a Mother or, more precisely, the individual named Julia is an instance of the concept Mother such as axiom 2.8 can be denoted by the expression.

Mother(Julia)

(2.8)

The role assertions represent relationship between named individuals and may be denoted by expression marriage(Julia, John) that means Julia is married to John. marriage(Julia, John)

(2.9)

Although, it is intuitively clear that Julia and John are different individuals, this fact does not logically follow from what we have stated so far. The DL do not make the unique name assumption, so different names might refer to the same individual unless explicitly stated otherwise. The individual inequality assertion such as axiom 2.10 is used to assert that Julia and John are actually different individuals.

Julia John

(2.10)

On the other hand, an individual equality assertion states that two different names are known to refer to the same individual. It can be defined as the axiom 2.11.

john ≈ johnny (2.11)
The situations can arise, for example, when combining knowledge about the same domain from several different sources, a task that is known as ontology alignment [START_REF] Krötzsch | A description logic primer[END_REF].

The relationships with RBox axioms

The RBox axioms refer to properties of roles. As for concepts, DL support role inclusion and role equivalence axioms. For example, the inclusion states that parentOf is a sub role of ancestorOf , i.e., every pair of individuals related by parentOf is also related by ancestorOf such as the axiom 2.12.

parentOf ancestorOf

(2.12)

In 2.13, the role composition can be used to describe roles such as uncleOf . Intuitively, if Charles is a brother of Julia and Julia is a parent of John, then Charles is an uncle of John. This kind of relationship between the roles brotherOf , parentOf and uncleOf is captured by the complex role inclusion axiom brotherOf

• parentOf uncleOf (2.13)
The role composition can only appear on the left-hand side of complex role inclusions. Furthermore, in order to retain knowledge reasoning, the complex roles inclusions are governed by additional structural restrictions to specify whether or not a collection of such axioms can be used together in one ontology. The axiom 2.14 shows disjoint roles, nobody can be both a parent and a child of the same individual, so the two roles parentOf and childOf are disjoint.

Disjoint(parentOf , childOf ) (2.14)
The RBox axioms include role characteristics such as reflexively, symmetry and transitivity of roles. These are closely related to a number of other DL features.

Role restrictions

The most interesting feature of DL, is its ability to link concepts and roles together in one statements. For example, the role parentOf has relationship with the concept P arent, the P arent is someone who is a parent of at least one individual. This can be defined by the axiom 2.15.

P arent ≡ ∃parentOf .

(2.15)

The restriction ∀parentOf . is a complex concept saying that a parents is an individual related at least one of the individual by the role parentOf . Therefore, the concept parentOf .Female describes those individuals that have a daughter. To represent the set of individuals all of whose children are female.

∀parentOf .Female

(2.16)

Existential and universal restrictions are useful in combination with the top concept for expressing domain and range restrictions on roles. The restrictions include kinds of individual that can be in the domain and range of a given role. We can use the axiom 2.17 to restrict the domain of sonOf to male individuals. ∃sonOf ⊆ Male (2.17)

Also to restrict the range of a role, we can use the axiom 2.18

⊆ ∀sonOf .Male (2.18)
In combination with the assertion sonOf (John, Julia), these axioms would then allow us to deduce that John is a Male and Julia is a P arent. This is due to the fact that all son may be Male.

N umber restrictions allow us to restrict the number of individuals that can be reached via a given role. For example, we can form the at-least restriction, for example the parent that have at least 2 child can be defined in axiom 2. [START_REF] Guerra-Olivares | A Heuristic Procedure for the Outbound Container Relocation Problem during Export Loading Operations[END_REF].

childOf .P arent ≥ 2 (2.19)
Also the axiom 2.20 can define the parent that have at most 2 child.

≤ childOf .P arent (2.20)

Finally, local reflexively can be used to describe the set of individuals that are related to themselves via a given role. For example, the set of individuals that talk to themselves.

∃talkT o.Self (2.21)

The Semantic Web

The Semantic Web can be defined as "an extension of the World Wide Web using new technologies and standards dealing with interpretation of exchanged data and also with automatically inferring the useful information from these data".

There are a huge amount of data in the web but the computers can't be able to understand or make any decisions with this data. The Semantic Web can enable the processing of the data to infer well defined meaning for a better communication between computers and people. The semantic web makes data to become "Smart". The Smart data means the information of the web becomes so richly interconnected that the computer can be more able to infer as humans.

The World Wide Web contains billions of web pages which are inter-linked through hyper-links. The daily activity of users in Internet, searching web pages, retrieve relevant information pertaining to the user in shortest possible time. The Web 2.0 based search engines have major drawbacks as it lacks interoperability between machines and meta-data, that tends towards knowledge management crisis.

In this time, the search engines require powerful and complex algorithms in order to parse the keywords given by the users. Semantic Web is based on the principal of interoperability between machines and giving them power to think. It aims at attaching meta-data, specifying relations between web resources and knowledge management, in order to process and integrate data by the users [START_REF] Gupta | Semantic query optimisation with ontology simulation[END_REF].

The Semantic Web Architecture

The figure 2.2 illustrates the architecture of the Semantic Web. This includes many layers depending on used languages and their variants.

The first layer URI/IRI (Uniform Resource Identifier / International Resource Identifier) is a string of standardized form in order to uniquely identify web resources and documents. The Uniform Resource Locator (URL) is a subset of URI included to localize the web resources. The IRI is an internationally accepted form. XML layer with the XML name-space and XML schema ensures that there is common syntax used in the semantic web. XML is the key for platform independence and data exchange using a common language.

The core data representation in semantic web is Resource Description Framework (RDF), it is based on triples (subject -predicate -object) and forms a graph pertaining to the given data in the same form. It is the grammar of the document whereas XML is the words understood by machines. The Ontology Web Language (OWL ) uses description logic and provides strong semantics. The SPARQL is used to make queries for RDF and OWL ontologies. Syntactically, it is similar to SQL. The correct logic with the rules implied proves the ontologies with trusted inputs to conclude trusted outputs. Digital signatures and cryptography is applied in order to maintain security during information exchange [START_REF] Gupta | Semantic query optimisation with ontology simulation[END_REF].

The Resource Description Framework

The Resource Description Framework (RDF) is a graph-based data model with nodes and edges. It is related to semantic networks. The RDF statements can include three components : Subject, Predicate and Object. The subject is a source of the edge and must be a resource. In RDF, a resource can be anything that is uniquely identifiable via a Uniform Resource Identifier (URI). More often than not, this identifier is a Uniform Resource Locator (URL), which is a special case of URI. However, URIs are more general than URLs. In particular, there is no requirement that a URI can be used to locate a document on the Internet. The object statement is the target of the edge. It is like subject, but it can also be a resource identified by a URI. It can alternatively be a literal value as well, like a string or a number. The predicate statement determines the kind of relationship, held between the subject and object. It can be identified by a URI. In order to exchange RDF graphs, the W3C recommendation defines an XML syntax for them.

We show below a code snip of RDF in listing 2.1, for the sake of further illustration :

Listing 2.1 -RDF code snip <rdf:RDF xmlns:rdf="http :// www.w3.org /1999/02/22 -rdf -syntax -ns" xmlns:p="http :// example.org/pers -schema"> <rdf: Description rdf:about="http :// example.org/~jdoejane"> <p:knows rdf:resource="http :// example.org/~jsmithjohn"/> <p:name >Jane Doe </p:name > <rdf:type rdf:resource="http :// example.org/pers -schemaPerson"/> </rdf:Description > 10 </rdf:RDF > As we may notice, all RDF documents usually have a root element, such as rdf:RDF. The use of a colon in an element or attribute name indicates that it is a qualified name. Qualified names are used with XML name-spaces to provide shorthand references for URIs. The xmlns:rdf attribute on the second line specifies that the "rdf" prefix is used as an abbreviation for the name-space "http://www.w3.org/1999/02/22-rdf-syntax-ns". The xmlns:p attribute defines p another prefix that can be used to form qualified names. Qualified names have the form prefix:localname To construct the full URI for a qualified name. Simply it append the local name part to the name-space in correspondence to the prefix.

The rdf:RDF element may contain an rdf:Description sub-element that is used to identify a resource and to describe some of its properties. Every rdf:Description element encodes one or more RDF statements. the subject of each of the statements is the resource given by the "rdf:about" attribute, which has the URI "http://example.org/ jdoejane" as its value. This rdf:Description element has three property sub-elements, and thus encodes three statements. The first subelement is an empty element with the qualified name p:knows based on the name-space declaration at the beginning of the document, this refers to the resource "http://example.org/pers-schemaknows". This is the predicate of the statement. Any resource that is used as a predicate is called a property. The rdf:resource attribute is used to specify that "http://example.org/ jsmithjohn" is the object of the statement. In this case the object is a full URI, but it could also be a relative URI. It is also possible for statements to have literals as objects. The second sub-element of the rdf:Description encodes such a statement. The corresponding statement has predicate "http://example.org/pers-schemaname" and object "Jane Doe". By wrapping this text in <p:name> start and end tags, we indicate that it is a literal.

The final sub-element of the rdf:Description is rdf:type. Using the name-space declaration at the beginning of the document. We can determine that this refers to the predicate "http://www.w3.org/1999/02/22-rdf-syntaxns" type. This is a property defined in RDF that allows one to categorize resources. The rdf:resource attribute is used to specify the category; in this case "http://example.org/pers-schemaPerson". In RDF, types are optional and there is no limit to the number of types that a resource may have [START_REF] Heflin | An Introduction to the OWL Web Ontology Language[END_REF].

The Resource Description Framework Schema

The RDF is a data model and it does not have the capability to provide the significant semantics. However, the RDF Schema asssociates a kind of semantic to the data model by means of RDF. The RDF Schema defines some concepts like classes, properties and roles. So the defined in RDF are typed by means of classes, etc. Therefore, the vocabularies that are provided by RDF Schema to define classes and properties can be included as "rdfs:Class, rdf:Property (from the RDF namespace), rdfs:subClassOf, rdfs:subPropertyOf, rdfs:domain, and rdfs:range". It may also include properties for documentation, including rdfs:label and rdfs:comment.

RDF Schema has the limitation that it has very weak semantic primitives. This is one of the reasons for the development of Ontology Web Language (OWL) 2 . Each of the important RDF Schema terms are either included directly in OWL or are super ceded by new OWL terms [START_REF] Heflin | An Introduction to the OWL Web Ontology Language[END_REF].

The Ontology Web Language

The OWL consists of three languages depending on increased ability to express semantic such as OWL Lite, OWL DL, and OWL Full.

1. OWL Lite is mostly used by the users who need simple modeling.

2. The OWL DL is more suitable for expressive description logic, and it includes all of the features that are described in this chapter. Both OWL DL and OWL Lite can use every resource whether a class, object property, data type property, or an instance.

3. OWL Full has the same features as OWL DL, but it is possible to treat a class as an instance, and there is no need to explicitly declare the type of each resource.

All these languages allow to describe classes, properties and instances, but the weaker languages have restrictions on what can be stated or how it may be stated.

The OWL is primarily concerned with the terminology definitions that can be used in RDF documents, i.e., classes and properties. Most ontology languages have some mechanism for specifying a taxonomy of the classes. In OWL, you can specify taxonomies for both classes and properties.

For example, the syntax of the OWL, as shown below in listing 2.2, considers the root of an OWL document as rdf:RDF element. It provides some degree of compatibility between the two standards.

Listing 2.2 -An Example of the syntax of the OWL <!DOCTYPE rdf:RDF [ <!ENTITY owl "http :// www.w3.org /2002/07/ owl" >]> <rdf:RDF xmlns:owl ="http :// www.w3.org /2002/07/ owl" xmlns:rdf ="http :// www.w3.org /1999/02/22 -rdf -syntax -ns" xmlns:rdfs="http :// www.w3.org /2000/01/ rdf -schema"> <owl:Ontology rdf:about=""> <rdfs:label >My Ontology </ rdfs:label > <rdfs:comment >An example ontology </ rdfs:comment > </owl:Ontology > <owl:Class rdf:ID="Person" /> <owl:Class rdf:ID="Man" > <rdfs:subClassOf rdf:resource="Person" /> </owl:Class > <owl: ObjectProperty rdf:ID="hasChild" /> <owl: ObjectProperty rdf:ID="hasDaughter"> <rdfs:subPropertyOf rdf:resource="hasChild" /> </owl:ObjectProperty > <owl: DatatypeProperty rdf:ID="age" /> <owl: ObjectProperty rdf:ID="isParentOf"> <owl:inverseOf rdf:resource="isChildOf" /> </owl:ObjectProperty > <owl: ObjectProperty rdf:ID="isTallerThan"> <rdf:type rdf:resource="owl; TransitiveProperty " /> </owl:ObjectProperty > <owl: ObjectProperty rdf:ID="isFriendOf"> <rdf:type rdf:resource="owl; SymmetricProperty " /> </owl:ObjectProperty > <owl: ObjectProperty rdf:ID="hasSSN"> <rdf:type rdf:resource="owl; FunctionalProperty " /> <rdf:type rdf:resource="owl; InverseFunctionalProperty " /> </owl:ObjectProperty > </rdf:RDF >

The root tag rdf:RDF element contains attributes for each of the name-space prefixes used in the document, such as owl,rdf, and rdfs name-spaces. By using the empty string as the value for the rdf:about attribute, we indicate that the base URL of the document should be used as its URI.

The OWL elements serve two basic purposes :

1. Identify the current document as an ontology.

2. Serve as the container for meta-data about the ontology.

In this example, the ontology has rdfs:label and rdfs:comment properties, both of which are defined in RDF Schema. The rdfs:label property provides a humanreadable name for the ontology, while the rdfs:comment property provides a textual description of the ontology. Both of these can be used to describe the ontology in an ontology library [START_REF] Heflin | An Introduction to the OWL Web Ontology Language[END_REF].

The OWL Classes

In OWL, we can declare a resource to be a class, by defining its rdf:type as owl:Class. As shown in the listing 2.2 above, we consider two classes: Person and Man. It is essential to realize in the example that rdf:ID is used to identify classes. The names are expanded to a full URI using the ontology's base URI. It is used for name classes and also for properties, it is regarded as an important aspect of the Semantic Web. Human languages frequently have polysemous terms, that is, words that have multiple meanings. The computer languages can also denote multiple behaviors responding to a same name, where this concept is known as polymorphism.

The meaning of a term must be a unique symbol. Therefore, the solution compounds the problem of synonym, where in general different symbols may be used with the same meaning. If the same class name is used to mean the same thing in different ontologies, then technically these classes will have different full URIs.

As shown, in the listing 2.2, we can not assume that your:Person and my:Person refer to the same class. However, once discovered, such problems can be easily resolved, since we can use OWL axioms to explicitly relate such classes. If we wish to specify additional information describing the class, then we include properties from the RDFS and/or OWL vocabularies (represented by sub-elements in the XML syntax). The rdfs:subClassOf property can be used to relate a class to more general classes. We state that Man is a subclass of Person. A class can also be said to have exactly the same members as another class using the owl:equivalentClass property. This is often used for synonymous classes, particularly when the classes originate in different ontologies, as discussed in the previous paragraph [START_REF] Heflin | An Introduction to the OWL Web Ontology Language[END_REF].

The OWL Properties

The OWL defines two type of properties 1. The Object properties specify relationships between pairs of resources.

The Data type properties specify a relation between a resource and a data type value.

There are a number OWL and RDF terms that can be used to describe properties. As shown, in the listing 2.2 above, we declare hasChild and hasDaughter as object properties, and also declare age as a data type property. While classes in RDF and OWL are typically named using an initial capital letter, and the properties name typically has an initial lower case letter. However, like class names, property names use mixed capitals in complex names.

It is similar the classes, we can be described properties by including sub elements. Can using the statement rdfs:subPropertyOf predicate states that every subject and object pair using the subject property is also a valid ubject/object pair using the object property. In this way taxonomies of properties can be established.

As shown, in the listing 2.2 above, the hasDaughter property is a rdfs:subPropertyOf the hasChild property. Then, it can be deduced that if Jack has the property has-Daughter Sydney then Jack hasChild Sydney is true. The owl:equivalentProperty states that the property extensions of the two properties are the same. Hence, every subject and object pair for one property can be a valid subject and object pair for the other property. This is the property analog of owl:equivalentClass, and is frequently used to describe synonymous properties.

The rdfs:domain and rdfs:range properties are used to specify the domain and range of a property. The rdfs:domain of a property specifies that the subject of any statement using the property is a member of the class it specifies. Similarly, the rdfs:range of a property specifies that the object of any statement using the property is a member of the class or data type it specifies. Although these properties may seem straight forward, they can lead to a number of misunderstandings and should be used carefully. Also the OWL can define number of constructors that specify the semantics for properties such that if it is defined as inverse of relationship like owl:inverseOf. For example, the isParentOf property can be used as the owl:inverseOf of the isChildOf property. Thus, if A is the parent of B, then B is necessarily the child of A. Furthermore, the OWL can also define a number of property characteristics, such as owl:TransitiveProperty, owl:SymmetricProperty, owl:FunctionalProperty, and owl:InverseFunctionalProperty.

As shown, in the listing 2.2 above, the is a transitive property, while the isFriendOf is a symmetric property. The owl:FunctionalProperty constructor states that each resource uniquely identifies its value for the property. That is, no resource can have more than one value for the property. On the other hand, the owl:InverseFunctionalProperty constructor states that each property value uniquely identifies the subject of the property. For those familiar with databases, the owl:InverseFunctionalProperty specifies a property that can be used as a primary key for the class of object that is the domain of the property [START_REF] Heflin | An Introduction to the OWL Web Ontology Language[END_REF].

The OWL Instances

The OWL can relate instances by using the owl:sameAs property to state that the two instances are identical. It is useful in distributed settings such as the Web, where different entities may use different identifiers to refer to the same things.

For example, multiple URLs may refer to the same person such as shown in listing 2. The SPARQL is a query language that is developed primarily to make a query on RDF graphs. The SPARQL can be used to express queries across diverse data sources, whether the data is stored naively as RDF or viewed as RDF via middleware. The SPARQL contains some of capabilities such as required querying and optional graph patterns along with their conjunctions and disjunctions. The SPARQL also supports extensible value testing and constraining queries by source RDF graph. The results of SPARQL queries can be results sets or RDF graphs. The building block for SPARQL queries is Basic Graph Patterns (BGP). A SPARQL BGP is a set of triple patterns. A triple pattern is an RDF triple in which zero or more variables might appear. Variables are taken from the infinite set variable which is disjoint from the above mentioned sets. A solution to a SPARQL patterns to a source RDF graph G is a mapping from the variables in the query to RDF terms such that the substitution of variables in the BGP would yield a subgraph of G (according to the definition of subgraph matching in RDF semantics).

More complex SPARQL queries can be constructed from BGPs by using projection (SELECT operator), left join (OPTIONAL operator), union (UNION operator) and constraints (FILTER operator). The semantics for these operations are defined as algebraic operations over the solutions of BGPs [START_REF] Sirin | SPARQL-DL: SPARQL Query for OWL-DL[END_REF].

Conclusion

In this chapter, we discuss in detail the ontological conceptualization and semantic web technology. The ontologies are defined and used to conceptualize the shared vocabulary of different domains. It may help to query the data, based on description logic, which are written using some formal language. It provide formal means for knowledge representation and reasoning. The semantic web techniques are used to develop the ontologies. The semantic web organizes the information in form of inter-linked data units, accessible through hyperlinks. It help to build dynamic web pages which contains the information, resulted from smart data approaches. Various languages of semantic web can be used to develop and extract the knowledge from ontologies. The resource description framework lies at the core of semantic web technology. We can use standard languages, like OWL to build syntactically valid data stores which can be indexed by some query language like SPARQL. We intend to build some tools that analyze and define the concepts of Logistics and Optimization. It is therefore, in the next chapter we explore the relevance of ontologies that may help us to define logistic ontologies. It may also help us to better understand the much needed optimization of logistic problems.

Chapter 3

Logistics and Optimization Ontologies

Introduction

We explore the possibilities to represent the logistics vocabulary using the ontologies. Logistics processes are complex set of activities. A formal definition of logistics concepts may help us to better narrate the logistic problems and find the relevant optimal solutions. It is for this reason, we define the fundamental data stores in form of ontologies to gather the logistics information. The logistic problems can be defined in such data stores, which can be further exploited, later on, to investigate the exact type of logistic problems. These are also used to incorporate the optimization methods. Similarly, these methods can be later on queried in relevance to the attached logistic problems.

We formally adopt the ontology based approach to define both the logistics and optimization. The available literature provide limited support to deal with the logistics and optimization, simultaneously. It is therefore, we mostly relied on our own defined ontologies and described the corresponding queries. In this chapter, we initially discuss the logistic ontologies to develop the scenarios that may help us to build a logistics reasoning system. We intend to incorporate the optimization ontologies in our defined system. Hence, we explore in detail the optimization ontologies, currently available in the literature. We then exploit the possibilities of their incorporation in our system.

The logistics and optimization ontologies

In the existing literature, many ontologies have been developed regarding the logistics and optimization domains; the table 3.1 shows list of ontologies till now for 2001. The work as cited in [START_REF] Anand | Ontology-based multiagent system for urban freight transportation[END_REF] and [START_REF] Anand | GenCLOn: An ontology for city logistics[END_REF] concerns broadly the city logistics. The authors in [START_REF] Matheus | Using SWRL and OWL to capture domain knowledge for a situation awareness application applied to a supply logistics scenario[END_REF] and [START_REF] Wang | Developing an ontology-based cold chain logistics monitoring and decision system[END_REF] contributes the work concerning the monitoring system for logistics. The main interest, of the available ontologies, has been mostly focused on the definition of the general concepts the supply chain management of logistics. Among others, let us briefly classify the available ontologies into six categories, which are considered more close to the current work. Among them, the three are related to the logistics while the other three concerns the optimization. These can be discussed, in further detail, in the following sections.

The logistics ontologies

It has been more than a decade, the ontologies has been defined and used widely in different research domains. We explore the existing literature concerning the logistic ontologies. In this regard, we briefly discuss some of the most relevant research work in the following sections.

The Ontologies of Supply Chain Operations Model

Leukel [START_REF] Leukel | A supply chain management approach to logistics ontologies in information systems[END_REF] proposed ontologies dealing with the Supply Chain Operations Model (SCOR). The supply chain is a system of entities around the manufacturers, suppliers, transporters, and customers. It is basically involved in producing/transforming the goods or services from manufacturers to customers. The SCOR provides a comprehensive set of modeling the supply chains.

The SCOR consists of a model stack of top level, configuration level, and process element level, as follows :

-Top level : this level distinguishes five core management processes called 'process types' that are relevant for all firms in a supply chain. These are plan, source, make, deliver, and return. -Configuration level : it provides for each process type of the top level a set of 'process categories' which represent different operational strategies that a company pursues. For instance, the process categories for 'source' represent sourcing strategies. A company can describe its logistics processes in a so called 'process map' by connecting the process categories.

In addition, metrics and best practices are assigned to the categories. -Process element level : it decomposes the process categories by adding process element definitions and process element information inputs / outputs. For instance, a particular source category may be decomposed into process elements of receiving, verifying, and finally stocking the goods. Metrics and best practices of the former level may appear here in more detail. This level provides the most comprehensive set of modeling primitives. The SCOR model has been further extended with definition of yet another level of ontologies, in relevance to the logistics process. The details of which are as under :

The logistics top level ontology

The figure 3 The logistics process type ontology Three process types have been defined depending on whether the goods are on a stock, made-to-order thus manufactured for a specific customer order, or engineered-to-order, e.g designed and manufactured specific to a particular customer requirement.

The figure 3.2 shows the concepts of Delivery process type refined by three sub-classes Deliver stocked product, Deliver make-to-Order product and the Deliver engineered-to-Order Product.

The logistics process category ontology

This ontology provide a more detailed representation level of logistics elements associated to processes types. The Process elements introduce the lowest level of abstraction by specializing process categories. This ontology also defines the Metrics for assessing the performance of a process category. This also describe the best practices that are empirically proofed means for achieving good performance. In the ontology, both metrics and best practices are included in the model by Object Properties.

The figure 3.3 shows the Process category ontology related to the Deliver The "Deliver Stocked Product" class is also related to the "Metric" class and support to "Best practice" class. These two classes may be refined by hierarchy of sub-classes defining in more details the metrics and best practices such as shown in figure 3.4.

The logistics process element ontology

The Process Element Ontology focuses on the input information required for executing a process element and the output information which is the result of 

The Ontology-Driven Case Based Reasoning System

Kowalski [START_REF] Kowalski | Application of new techniques of artificial intelligence in logistics: an ontology-driven case-based reasoning approach[END_REF] has shown case based reasoning system to develop the ontology that measure similarity of logistics knowledge collections written in natural language. The system is based on the ontology concerning the linguistic aspects of the logistics area constructed by OrGoLo (Organizational Innovations via Good Governance in Logistics Networks). and classes hazardous materials. This ontology can include many roles such as is-composed-of between shipment and goods and uses between the means of transportation and mode of transport [START_REF] Kowalski | Application of new techniques of artificial intelligence in logistics: an ontology-driven case-based reasoning approach[END_REF].

Semantic services application framework

Hoxha [START_REF] Hoxha | An approach to formal and semantic representation of logistics services[END_REF] presents a Semantic Services Application Framework that enables automated and intelligent techniques for discovery, ranking, execution and efficient composition of services into more complex and flexible logistic processes such as shown in figure 3.7. The services should be made available via the different Service Providers, who use the appropriate tools for semantic Annotation and Publishing of their services. The semantically annotated services, precisely generate service descriptions, which are saved in a repository together with the ontologies and which use these descriptions.

A Service Requester may search for services via a Web-based search interface, specify the desired preconditions, inputs, outputs, and effects. The user query is processed, using complex reasoning techniques, to discover in the repository those descriptions. The returned result may be a list of atomic services or even compositions (composite processes) of services. The list is ranked and displayed to the user, who is then able to execute, according to the implementation made There are also many roles that connect the concepts such as isComposedOf and UsesResource, etc [START_REF] Hoxha | An approach to formal and semantic representation of logistics services[END_REF].

The logistic ontologies are subjected to define the logistic problems and the optimal methods that can be used to solve them. Henceforth, in the next section, we discuss the optimization ontologies intended to serve the purpose.

The Optimization Ontologies

Most of the work in the literature focuses on the problem field (design, simulation, and modeling). It includes the optimization as a part of the solution to derived problems. In this Section, we explore some of the existing individual ontologies related to the optimization problems and their solutions. 

Ontology for Simulation optimization

The Ontology for Simulation optimization (SoPT) contains the concepts from both conventional/mathematical programming and simulation optimization. The aims of SoPT is to describe simulation optimization methods. It help to detect the correct tool for each specific case to facilitate component reuse, especially in systems where simulators and optimizers are loosely-coupled. It present an ontology for optimization that was designed and structured with the focus on the optimization domain. It can also be capable to support any other application domain with minimal expansion.

The figure 3.9 shows the top level of SoPT. It includes optimization problem, optimization methods, optimization component [START_REF] Han | SoPT: ontology for simulation optimization for scientific experiments[END_REF].

The Optimization Component

The Optimization Component model has the various parts of an optimization problem. It includes data types and restrictions of input variables, objective function, constraints, solution, and solution quality. It also has roles that link the Optimization Problem with both the Optimization Component and Optimization Methods.

The Optimization Method

The figure 3.9 shows the classification of the Optimization Method. The subclasses that it contains depends on wide variety of methods used for simulation optimization. It is difficult to determine a starting point, because it is focuses on iterative interaction between the simulator and the optimizer. We concentrate on what the optimizer needs from the simulator along with a set of response vectors estimating a portion of response surface. We also consider, how the optimizer explores the parameter space using different search techniques. A simple illustration is a gradient based technique, where search involves direction determination to assure how far to move in that direction. 

The Ontology for Optimization

The Ontology for Optimization (ONTOP) specifies the knowledge base that incorporates the standardized optimization terminology and formal method definitions. It often include unrecorded optimization details, such as the concepts or assumptions that may be formed while creating the optimization model. It may also considers the model developer's rationality and justification behind such concepts and assumptions. The ONTOP attempts to assist the engineer step by step through the work flow. It has been initially developed to facilitate case studies of engineering design problem. The figure 3.10 shows the top level of ONTOP, it contains general Optimization Type classified into discrete or continuous concepts [START_REF] Witherell | Ontologies for supporting engineering design optimization[END_REF].

Furthermore, it classifies the continuous into constrained and unconstrained. Likewise, the discrete is classified into stochastic programming or integer programming. The main advantage of ONTOP is its capability to store the optimization knowledge within an ontological structure. It is accentuated by the hierarchical structure possessed by the taxonomy of optimization types. The classes within the taxonomy are defined by the specific properties associated with the optimization types. At the taxonomy's highest levels, it distinguishes between method types, such as continuous or discrete, constrained or unconstrained, etc. These types are separated by creating sub-classes within the optimization type taxonomy. At its lower levels, the taxonomy distinguishes between specific method types, such as linear programming and topological optimization. Such taxonomy may then allow the number of methods to be increased or reduced as the field of optimization changes. Specific optimization models may fall under their respective optimization method, within the class hierarchy.

These properties are used to define the optimization trait of the model. These are eventually used to determine the permitted optimization methods for the model. Once these methods are determined, the model may then be defined by technique-specific properties [START_REF] Witherell | Ontologies for supporting engineering design optimization[END_REF].

The General Optimization Ontology

The General Optimization Ontology (GOO) is relatively closer to define the ontology for logistics optimization, as it is primitively designed and structured according to the optimization domain. Though, it is capable to support the other application domains with some minor expansion. The authors developed the basic concepts which are common to all optimization problems and these are essential for the core part of the ontology. The aim is to support automatic selection of the appropriate optimization tool for a given optimization problem, therefore it defines how it can be complemented by domain specific modules, tailored to the optimization problems under investigation [START_REF] Vc Moussas | design of an ontology for simulation workflow optimization[END_REF].

The structure of General Optimization Ontology

The Structure of GOO includes the definition for typical optimization problems along with the descriptions of the methods and algorithms applied to solve an optimization task. The GOO concepts are classified into numbers of optimization tasks. The main components are :

-The optimization problem model, -The optimization solution methods, -The optimization algorithm. The figure 3.12 shows the taxonomy of solution methods that are used in the GOO. It is developed mainly to classify the numerous techniques i.e., there may exist at least one solution method for each category of optimization problems or a method is proposed to solve the specific category problems. There may also exist some solution methods that can solve several problems emerging from many different categories.

Conclusion

This chapter has been dedicated to explore the related work in the available literature. We discuss in detail the significance of ontologies to define a reasoning system. We investigate the available logistics and optimization ontologies. The logistic concepts can be formalized using ontologies. Our this claim is further justified by the defined logistic ontologies in this domain. We consider the ontologies of supply chain operations model (SCOR) which englobes the supply chain entities in form of ontologies at different levels. Most of the available ontologies are developed to deal with a specific problem, in its respective domain. We intend to extend these work with the help of optimization ontologies for Figure 3.12 -The solution methods logistics. We aim to incorporate optimization ontologies to provide convivial means of exploring the logistic problems and attach them to the optimization solution methods. It is therefore, we also discuss the available optimization ontologies. We explore in this regard the SoPT, ONTOP, and GOO. These different optimization ontologies inspire us to adopt a personalized approach to define the optimization ontologies in relevant to the logistic problems. In the next chapter, we present the different aspects of the intended reasoning system and its capabilities to incorporate the logistics and optimization ontologies.

Part II The Reasoning System

Chapter 4

The Architecture of the Reasoning System

Introduction

Designing a reasoning system is logical approach to host the multiple repositories and manage their interactions. We propose to develop a centralized repository in form of a reasoning system to manage the logistic and optimization ontologies along with other logistic data to facilitate a usable access for the logistic experts. The proposed system is destined to allow a logistic expert to query the logistic problems and then present the relevant optimization solution methods. The logistic expert may choose a solution method which is inherently connected to the web-services (implementing the solution algorithms).

The Reasoning System assists the logistics engineers to identify and specify their problems. It uses concepts domain to explore typical logistics problems and exploit corresponding optimization methods. It then finds the concerned software units (optimal web-services) that implement these methods to solve the particular logistics problem.

In the literature, we find many similar works that use the ontology to define the concepts and/or to identify the problem. The proposed reasoning system manipulates the logistic and optimization ontology repositories. It uses a semiautomatic detection search algorithm for related concepts to identify the type of 67 

The Reasoning System Architectures

The figure 4.1 shows the global architecture of Reasoning System. The major constituents of the reasoning system are the Process Builder, the Query Engine, the Logistics and Optimization Ontologies, the Artefacts Repository, and finally the Web Services that implements the optimization solution methods.

Once the logistics expert interacts with the reasoning system, (s)he uses the process builder. This instantiates the logistics processes with the definition of the problem attributes. It allows, on one end, the logistics expert to interact with the system with the help of usable interfaces, and on the other end, to interact with query engine.

The Query Engine is responsible of building and executing the queries, dealing with knowledge extraction from ontologies. It also provides the means for the selection of the optimal web-service among the existing ones that are available on web.

The Ontologies may be considered as the core of reasoning system. The reasoning system includes two main ontologies dealing with both logistics and optimization knowledge. The logistics ontologies are the conceptualization of the domain knowledge associated to logistics and logistics problem. While the Optimization ontologies deal with knowledge concerning the Optimization domain, problems and resolution methods,..,etc.

The Artefacts Repository deal with the stored data representing the various artefacts related to the logistics and optimization problems and also the problems resolution process. Such data is particularly useful during the execution of the reasoning system. We may notice some main artefact types such as the Resource Concepts representing the concepts involved by a specific problem and the Resources Concept Paths representing the possible paths, that may link the concepts by means of various possible roles or relationship linking them. The Artefacts Repository also store information about the available Web Services. Hence, it defines two databases that are the Conceptual Paths Databases (CPDB) and the Web Services Databases (WSDB).

Finally, Web services part represents the relative software development by the community, which is available on-line. The web services are organized following the problem they solve and the methods they implement to solve there. The different parts of the Reasoning System will be discussed in more details in this section.

The Process Builder

The process builder gives the possibility to logistics experts to interact with the Reasoning system. It is also interconnected with Query Engine. There are many components allowing the logistics experts to identify the attributes of their problem. They may identify their Logistics Resources Concepts (RC), also ask the Query Engine to provide the SPARQL queries that extract the Resources Concepts from the logistic ontologies.

The Query Engine

The Query Engine provides needed queries to extract the knowledge from ontologies or databases. It may respond to many types of queries such as SPARQL and SQL queries. These queries are applied on ontologies. There are many examples of these queries such as find what is the type of the logistics problem, find the list of methods solving a particular logistics problem. The SQL queries extract data from relational databases such as to find which web services are available. The relational data of the web services is stored in a repository. It can be queried in relevance to the logistics problem and the optimization method. The extracted logistics data can be transferred to the web services, for the execution.

The Logistics Ontologies

The logistics ontology is intended to capture the essence of logistic domain in terms of semantics expressed by means of concepts or classes and relations or roles linking them. The semantics is formally defined by means of axioms using the Description Logic (DL).

We discuss more about logistics ontologies in chapter 5, that focus on the description of the concepts of supply chain management (SCM). We define then the logistics ontology including the top level classes as Process, Service, Resource, Performance, Activity, and Logistic Problem.

Likewise, we define the roles or relationships between these concepts such as composes role among Process class and Service class. Therefore, we define the axioms between related concepts. We use the Description Logic (DL) to define the complex relation among the concepts. Finally, we define the concepts of logistics problems, roles and data properties that are needed to identify each problem.

The Optimization Ontology

The optimization ontology concerns the typical optimization problems along with the description of optimization methods applied to solve them.

The basic structure of this ontology should support optimization processes. It should also focus on how to select and apply a suitable solution for the encountered optimization problem. It reflects that the ontology classes must eventually cover all entities that concur in an optimization task.

In chapter 6, we explain more precisely the Optimization Ontology. We specify the general terminology of optimization ontology. This may include the concepts Optimization Problem, Optimization Method, Logistics Optimization Problem and Optimization Component.

We continuously specify sub-classes of each class on top level. For example, the Optimization Component has four sub-classes Data, Objective Function, Constraints, and Parameter.

Therefore, we define the relationships or roles among the concepts as isType role between the Logistics Optimization Problem and Optimization Problem. We also define the axioms to represent the complex related concepts.

Finally, we build the reasoning system intended to solve the logistics optimization problems. We consider three logistic problems, that are the Vehicle Routing Problems (VRP), the Passenger Trains Problems (PTP) and the Container Terminal problems (CTP), for the sake of more precise illustration.

The Artefacts Repository

The Artefacts Repository is responsible to identify and store the meta-data or concepts used by the logistics experts. These meta-data are particularly useful to identify the Resources Concepts Paths (RCPs) for each Resources Concepts (RC). The meta-data are also useful to produce the Similar Concept Path Groups (SCPG) for RCPs.

The Artefacts Repository can also store both the persistent and temporary data. There are many examples of the temporary data such as the RCPs, SCPG, type of logistic problem, and types of methods found from ontologies. The Artefacts Repository includes two Database that are the Concept Path Database (CPDB) and the Web Services Database (WSDB). The Concept Path Database (CPDB) is responsible to store the RCPs that define each logistics problem. One can easily identify the type of logistics problem by comparing the resulting SCPG with those in CPDB.

The Web Services Database (WSDB) is responsible to store each web services associated to the optimization or logistics problem. So, it is possible to retrieve web services according to the logistic problem type, the optimization method used,. . . vice versa.

The Web Services

The web services can be defined as any piece of software that makes itself available over the Internet and uses a standardized messaging system. There are two standard communications used in web services such as Web Services Description Language (WSDL) and JavaScript Object Notation (JSON). The WSDL is used as specification interface of web services by sending XML messages. The JSON is an open standard format that uses human-readable text to transmit data objects consisting of attribute-value pairs [START_REF] Richardson | RESTful web services[END_REF].

There are many web services available over Internet, which are developed by the community to solve optimization problems. Each web service may be built to solve a logistics problem. The web services may use one or more optimization methods. These web services can be classified into two types : the commercial web services and the personal. The commercial web services are developed by specialized companies to solve the optimization problems. The personal web services are developed by PhD students or research teams as a mean to validate their resolution methods and these are mostly available free of cost. For example, there are many web services over Internet to solve the Vehicle Routing Problems. We mention some these web services, as follows :

-The OptimoRoute 1 web service, is a commercial web service, it suggests the allocation of orders to vehicle drivers on the basis of the road network. It may additionally solve the problem with add constraints such that driver work time and vehicle loading capacity. -Another web service which is available on internet is TrackRoad 2 , it is also a commercial web service. The proposed service includes the management of the driver and orders on the basis of the road network. -The VRP solution [START_REF] Prins | Order-first split-second methods for vehicle routing problems: A review[END_REF] is an open source web service developed to be used for research proposes. It was developed by using the hybrid optimization methods. It first uses local search to arrange the orders, then it uses first 

Conclusion

In this chapter, we discuss the global architecture of the reasoning system, that we develop as a prototype to validate the proposed approach. The reasoning system is comprised of logistics and optimization ontology repositories, along with the artefact repository and integrated query engine. The reasoning system provide the means for a logistic expert to interrogate the system in a usable manner. It allows its users to query the exact type of their logistic problem and provides a list of optimization solution methods. The reasoning system also indexes the available web services in relevance to the proposed optimal solution methods.

The contents in this chapter give general idea the current work such as, who may benefit from the reasoning system; which are the defined ontologies type; how can a user interact and use the web services, etc. We continue to explain further the each part of Reasoning System in the following chapters. The chapter 5 explains the logistics ontology and the chapter 6 explains optimization ontology. Likewise, the chapter 7 discusses the algorithms to identify and solve the type of logistic problem such as to find the Resources Concepts Paths (RCP) and the general logistic problem. It helps to map the logistics ontologies and optimization ontology.

Chapter 5

The Logistics Ontologies

Introduction

The logistics connect vast amounts of events, activities, and actors. The involved complexity can generate difficult situations to be analyzed for process improvement [START_REF] Rushton | The handbook of logistics and distribution management: Understanding the supply chain[END_REF]. We believe ontologies can help in this matter. These potentially contribute in solving integration problems in information systems [START_REF] Kayikci | Successful ICT Integration in Transport Collaboration[END_REF]. These can extend the research work for the harmonization of heterogeneous information sources for knowledge discovery [START_REF] Fensel | Ontologies[END_REF][START_REF] Kalfoglou | Ontology mapping: the state of the art[END_REF].

We explained in chapter 2, there are many individuals of ontologies. These can be adopted on logistics. The existing ones are mostly focused on supply chain management [START_REF] Vc Moussas | design of an ontology for simulation workflow optimization[END_REF]. These often does not consider the complex logistic problems, like the optimization problems [START_REF] Leukel | A supply chain management approach to logistics ontologies in information systems[END_REF] in logistics. However, the current logistic ontologies has not yet achieved a consensual acceptance and maturity.

We define and specify logistic ontologies to solve complex logistic problems. These are further extended to cope with the logistics optimization problems, which are encountered due to the heterogeneity of involved elements. These ontologies assists the end users in exchanging semantic.

The ontologies describe the shared information related to the knowledge domains and the instances for optimization. It requires, formerly, to investigate the optimization related knowledge and artefacts, while laterly, to establish common vocabularies, nomenclatures, and taxonomies among them.

An artefacts represents an activity, event, actor, resource, or any document that can influence the other related element. A relation is transient dependence that signifies the strength to influence the involved elements, although it evaluates the nature of dependence.

We further define the interoperability, integration, reuse of artefacts, and their optimization with the help of ontologies. It may support the development of algorithms, models, libraries, and simulation tools to minimize the logistics problems.

The top level of logistics ontologies

The construction of logistic ontologies depend on three things the Concepts or Classes, Relationships or Roles, and finally Axioms. In this chapter, we focus on modeling the general concepts of supply chain management (SCM), also the logistic problems generated by it, which may often be linked together to form a process with resources, services, and activities.

The basic top-level concepts (classes) include Process, Service, Resource, Activity, Service Level Parameter, and Actor, as shown in Figure 5.1.

The Logistics Process concept is a specialization of the Process class. In the same way, we define sub-classes for all top level classes such as Logistics Process , Logistics Service, Logistics Resource, Performance, and Logistics KPI are sub-classes of Service Level Parameter class.

We further define the Roles (Relationships) or connecting classes along with data. The Roles are generally called properties. We distinguish the following property categories :

- -The object property provides is connects the activity class and the Logistics Service class.

-The object property useResources connects the activity class and the logistics Resource class.

-The object property isMeasure connects the Performance class and the Logistics KPI class.

-Data properties that links a class with data (string, Integer, Real or Boolean).

-The Axioms that provide the formal model correspondences using Description Logic (DL).

In the following sections, we describe formally each concept using DL. Each problem can use one or more resources concepts. In fact, the identification of a problem depends on the used resources, such as the vehicle routing problems can be identified by means resources like Vehicle and Warehouse.

The Actors

The figure 5.3 shows the specification of actors involved in various logistics processes. The Actor may be a Service Provider, Service Requester, Company, or Participant in the logistics chain. -The Single Service Provider may include Warehousing Provider, Handler, Special Service Provider, package Service Provider and Transport Service Provider.

The System Services Provider includes Four PL Provider and Three PL Provider. 

The Service Concepts

The Service is refined by Logistics Service class which is further refined by many sub-classes including Package Sevice, Handing Service, Order Processing Service, and Warehousing Service, etc. as shown in figure 5.5

Likewise, there are many object properties or roles connecting these concepts (classes). These roles include :

-The composes role has the domain process class and range is the Service class. -The hasProvider role has the domain Service provider and the range is Service class.

-The hasRequester role has the domain Service Requester and the range is Service class.

-The isDescribed role has the domain Service and the range is Service Level parameter class.

-The usesResource role has the domain Service and the range is Resource In the following, we present the axioms defined by using these concepts (with the help of Description Logic : 

The Services Level Parameter

The services level parameter concepts include the sub-classes that are Performance and Logistics KPI Metrics. Likewise, there is an object property isMeasureBy between the Performance class and KPI Metrics class. For instance the performance is Measured by KPI Metrics. 

Other Logistic concepts

We also define some logistic ontologies, which are not necessarily part of the top level logistic ontologies, but still are useful in our subsequent work. We define the concepts to exhaustively capture the information of logistic domain. They vary from the different types of carriers, goods, logistics documents, and logistics standards. 

The Logistic Optimization Problems

The logistics system has many resources that provide the services for both the customers and suppliers. The logistics system may manage these resources in an optimal way. Therefore, these can be subjected to produce the optimization problems. These problems mainly requires to perform the optimized activities for resource management and services provisions, with respect to the minimum cost and time.

Among others, the wide spread logistic problems can be categorized as the Transport Problems and airline schedule problems. These further integrate the resource of logistic optimization problems such as the supply-chain management and people management, etc. Similarly, the logistic optimization problems can be classified into three major categories depending on the type of problem in [START_REF] Onsel | Operations research-applications, edited by A. Ravi Ravindran[END_REF], as shown in figure 5 In the following sections, we discuss the details of each of these problems. In addition, we define some more precise concepts, roles and data properties to better illustrate each problem. Finally, we define the various axioms concerning each problem.

The Vehicle Routing Problems

The Vehicle Routing Problem (VRP) attempts to determine the optimal set of routes to be adopted by a fleet of vehicles in order to serve a given set of customers constrained by the cost and time. The VRP is a combinatorial optimization problem [START_REF] Toth | The vehicle routing problem. SIAM monographs on discrete mathematics and applications[END_REF].

The general idea for vehicle routing problem is how to deliver freights to many locations for different clients with least cost. For instance, the logistic companies receive one or more request orders from each client and more than thousand locations. The order may define a fixed time window for loading (sources) and for delivery (destination) such as [t 1 s , t 2 s ]. The t 1 s is the early time to Load the goods and t 2 s is the lately time to lead the goods. The order is to be collected from source location l s ∈ L to destination location l d ∈ L. The order must arrive within a time window [t 1 d , t 2 d ]. The order has a volume V which is assumed to be an integer multiple of the capacity of a swap body.

The equation 5.1 describes the parameters of order.

o =< l s , l d , [t 1 s , t 2 s ], [t 1 d , t 2 d ], v > (5.1)
There is a planning process called Tour Process. All orders are intern in this process, and the result can be defined as a set of tours denoted as X. The single tour x may be defined as in equation 5.2.

x =< l s , l d , t CVRP where each customer delivered some commodities with the possibility to return other commodities to the deliverer [START_REF] Sophie N Parragh | A survey on pickup and delivery problems[END_REF].

Initially, we may add more concepts and roles to logistics ontologies such as shown in figure 5.10, these can specify various Vehicle Routing Problems (VRP) such as Order, Tour, and Objective Function.

Likewise, As shown in figure 5.11.we define some roles that connect the concepts of VRP. These are as follows :

-The requestedBy between the Order and ServicesRequester. 

V ehicleRoutingP roblems ⊆ T ransportationP roblems

We need to define some more data properties to further define the variants of the VRP. These are as follows :

-The isCenteral define the fact that the Warehouse is Central (only one warehouse is used or not). -The sameCapacity define the fact that the vehicles has the same capacity or not. -customerReturnGoods is associated to Orders to define the fact that Customers can or can not return goods following a delivery order.

In the following, We show axioms defining the different variants of the Vehicle Routing Problem. 

The Passenger Train Problems

The railway planning is a complex activity. It is usually succession of stages such as traditional network design, line design, time-tabling, rolling stock and finally crew management [START_REF] Barrena | A Fast and Efficient Adaptive Large Neighborhood Search Heuristic for the Passenger Train Timetabling Problem and Dynamic Demand[END_REF]. The railway system and the operational processes are rich in challenging Combinatorial Optimization problems. Many existing optimization methods can be used to solve these problems [START_REF] Caprara | Optimization problems in passenger railway systems[END_REF].

In general, the Railway transportation Problems can be classified, into the following categories :

-Passenger Train Problems -Cargo (Freight) Transportation Problems We focus to analyze the Passenger Train Problems (PTP) for the sake of illustration. The complexity of passenger railway systems leads to decompose it into sequential phrases, such as :

-Line Planning : it helps to decide the trips for the passenger trains. It may also help to decide the types and frequencies of the trains on each trip. -Time-tabling : it helps to fix the timetable for each train.

-Rolling Stock Circulation : it helps to decide the assignments of train units (locomotives and train carriages) to the trains. Each train has his own timetable and platforms. -Crew Planning : it helps to allocate the workload of train drivers and We continue to define relations between these concepts, as follows :

-The ManageTrain is sub-role of UseResources that connects the Timetabling activity and the Train classes. -The ManageCrew is sub-role of UseResources that connects the People and the Timetable classes. -The hasTime is sub-role of has-a role that connects the Passenger transportation planning process and the Timetable activity.

-The hasObjectveFunction is a role that connects the Passenger Transportation Planning and the Objective Function classes.

Finally, we define axioms between the related concepts and variants of PTP such as the followings : 

The Container Terminal Problems

The container terminals include three crucial resources such as the Yard, Vessel berths, and the Trucks. The main objective of port terminals is the efficient use of these resources while performing different operations. The yard is a temporary container warehouse where containers are stocked until their transport to their next location by trucks, trains, or vessels. The Containers are stacked on top of each other, in order to utilize the yard space efficiently [START_REF] Güven | Trip allocation and stacking policies at a container terminal[END_REF].

However, the stacking crane can only directly access the containers at the top of the stack. In order to extract another container stored underneath, it need to make a reshuffle/shift. Such resuffly/shift occurs are defined as the unproductive moves of the containers.

For instance, we focus to increase the efficiency of the yard via the consideration of the container stacking optimization problem for trans-shipment, inbound, and outbound containers at a container terminal. The objective of the problem is to minimize container storage and retrieval times through avoidance of reshuffles. It may result in more efficient loading/unloading operations, and in turn minimize the dwell time of containers. The main inputs are the type, weight, discharge port/location, destined vessel/vehicle of the container, and the expected departure time [START_REF] Güven | Trip allocation and stacking policies at a container terminal[END_REF].

The figure 5.14 shows the set of classes (or concepts), relationships (roles ), and the axioms concerning the CTP [START_REF] Hayder | Ontology Based Reasoning to Solve Container Terminals Problems[END_REF]. We define concepts of CTP, as follows :

-The Container Transportation is a sub-class of Activity class.

-The Marine Container Transportation is a sub-class of Logistics Process. -The hasObjectiveFunction is a role between Marine Container Transportation and Objective Function.

Furthermore, we define some axioms to better understand the related concepts and variants of CTP, as follows : 

Conclusion

In this chapter, we attempt to define the logistics ontologies in order to better understand the different logistic problems. We initially define the top level of logistics ontologies. The core of the logistic ontology is composed of some general classes and roles. It comprises the logistic resource concepts, the actors, and logistic services. We later on extend the top level of logistic ontologies, according to the specific type of logistic problem. It is for this reason, we define some logistic optimization problems. We logically formulate the Vehicle Routing Problems, Passenger Train Problems, and the Container Terminal Problems to better illustrate the logistic problems. We can similarly, enrich the logistic ontology to adopt more specific logistic problems. This logistic ontology building process is inherent and may follow some simple iterations for ontologies integration. Thus, it is possible to extend such an ontology making it kind of an evaluative object.

In the next chapter, we continue the same approach to define the optimization ontology. Their development is intended to define more precisely the optimization problems. Whilst, we attempt to better the manage of logistic problems.

Chapter 6

The Optimization Ontology

Introduction

We have been working on the definition of logistic ontologies. Their basic purpose is define logistic problem and find the optimal solution. It is therefore, necessary to define the ontological schema for the optimization. However, the definition of optimization ontologies is a challenging task, with reference to the available literature on this subject. The logistic ontologies defined previously in chapter 5 need to be complemented with the optimization ontologies to complete our framework. In the proposed system, we intend initially, to identify the logistic problem with its precise parameters, and later, we subject the findings to exploit the available optimization methods. These optimization methods are linked with their implementation in form of web-services. We can then transfer the found logistic problem data to the web-services.

In this regard, the optimization ontology may be seen as extension, or more precisely a refinement of the logistics ontology intended to cope with the various logistic problems accordingly, during the execution of the logistics processes. The optimization ontology has been defined to assist the end users, in this case the developers, to investigate the optimization related knowledge and artifacts. This is achieved by the definition of common vocabularies, nomenclature, and taxonomies.

In chapter 2, we discussed some individual optimization ontologies that 103 mostly focus to classify the optimization concepts which are generally used to solve optimization problem. In this chapter, we define the general concepts of optimization and the relationships among these concepts. We also define the axioms of related concepts. Finally, we develop the knowledge base, in order to sufficiently cope the different types of logistics problem and solution methods. For instance, we consider to build the knowledge in reference to some Transportation Problems such as Vehicle Routing Problems (VRP), Passenger Train Problems (PTP) and Container Terminal Problems (CTP) to validate the proposed approach.

Conceptualization of optimization ontologies

The Optimization Ontologies include the definitions for typical optimization problems along with the descriptions of the methods applied to solve an optimization task. The basic structure of this ontology support optimization processes. It also focuses on how to select and apply an optimization method to solve an optimization problem. The ontology concepts must eventually cover all entities that concur in an optimization task. Accordingly, we categorize optimization concepts as follows :

- 

The Optimization Components

The optimization problem is generally encompassed around multiple components. These components actually describe the nature of the optimization problem, depending on the component type. These components are notified as artifacts in our knowledge-base whereas, specifically their classification is as follows such as shown in figure 6.2 :

-The Data contains some information needed by the optimization problem. For example the order for VRP problem or nodes for optimization methods, etc. -The Objective Function is a mathematical function, it is used to find optimal solution. It depends on given data, actually the objective function consists maximum values or minimum values. -Each optimization problem and methods has some Constraints for example the number of vehicles and the capacity each vehicle in VRP. -The Parameter defines how to use resources to given optimal solving ways. 

The Optimization Problems

The optimization problems may be classified into several categories depending on some factors. These may be :

-Continuous or Discrete, -Unconstrained or Constrained, and -Deterministic or Stochastic.

These problems may also be classified following the number of objective functions. The classification given in [START_REF] Frederick | Introduction to operations research[END_REF] inspired us to develop the optimization ontology presented in current work and in the underlying knowledge-base. The main concepts of this classification are shown in figure 6 

The Optimization Methods

The optimization methods are the mathematical algorithms that can solve an optimization problem to produce a solution. This solution can be optimal or approximate (nearly optimal). The optimal solution, might take a lot of work/time to be found and some problems has limited time of execution. Therefore, we can use optimization method to find an approximate solution, in order to reduce time/work.

The optimization methods can be classified into exact or approximate methods, such as shown in figure 6.4. Axiom 6.4 : The Optimization methods may be exact or approximated ones. It can be shown, as follows :

Optimizationmethods(OM) ≡ ExactMethods ∪ ApproximatedMethods Axiom 6.5 : An approximate method may be a heuristic method or a metaheuristic one. It can be shown, as follows :

ApproximatedMethods ≡ HeuristicMethods ∪ Meta -heuristicMethods Axiom 6.6 : A heuristic method may be an improvement method or a construction method. It can be shown, as follows :

HeuristicMethods ≡ ImprovementMethods ∪ ConstructionMethods
The Exact Methods are shown in figure 6.5. The can have some type of constraints and these are classified into sub-classes, such as follows :

-Linear programming methods, -Network programming Methods, and -Nonlinear programming methods.

Each one of the classes above, may contain further sub-classes such as :

-The Linear programming methods include Upper Bound Technique, Interior Point Algorithm, and Simplex Method.

-The Network programming Methods may contain Network Simplex Methods.

-The Nonlinear programming Method can include the Sequential Linear Approximation Algorithm, Key Property of Separable programming, Karush kuhn tucker, Gradient Search Procedure, Sequential Unconstrained Minimization Technique, Modified Simplex Method, and One Dimensional Search Procedure.

The Approximate Methods can include two different types Heuristic and Meta-Heuristic methods, such as shown in figure 6.6.

In figure 6.7, we show the Heuristic Methods. The different types of sub-classes included in Heuristic Methods can be classified, as follows :

-Construction Heuristic -Improvement Heuristic methods -Two Phase Methods -Likewise,the Intra-route may include two methods, which are the K-Exchange and the OR-Exchange.

In figure 6 6.6 The Reasoning system for Logistics Problems

We design and develop a reasoning system in respect of the logistics problem and the optimization methods. We define the different types of logistics problem in the designed reasoning system. It is capable to index the solution methods, defined as individual ontologies. For instance, we specify three types of logistic problems : The Vehicle Routing Problems (VRP), Passenger Train Transportation Problems (PTP), and Container Terminal Problems (CTP).

The Vehicle Routing Problems (VRP) may further include various types, each one can be defined as individual ontology. We define the existing optimization methods as individuals in optimization ontology, to solve the respective problem. Some of them are as follows :

-The Capacity Vehicle Routing Problem (CVRP) is a type of Vehicle Routing Problem (VRP). There exist many methods that can solve such a problem. Such as branch and cut method, 2-opt-methods, Routing First cluster Second Methods, OR-opt-Method, 3-Opt-Method, Clarke and wright Method, Cluster First Route Second Method, and Branch and Bound Method, as shown figure 6.10. -There exist many optimization methods to solve the Vehicle Routing Problem with Time windows(VRPTW). Such as Memetic Algorithm [START_REF] Labadi | A memetic algorithm for the vehicle routing problem with time windows[END_REF], metaheuristics [START_REF] Bräysy | Vehicle routing problem with time windows, Part II: Metaheuristics[END_REF], etc.

-Many existing methods can solve the Vehicle Routing Problem backup (VRPB) such as exact methods, heursitcs methods [START_REF] Goetscalckx | The Vechicle Routing Problem with Backhauls: Properties and Solution Algorithms[END_REF], meta-heuristics Memetic Algorithm [START_REF] Saremi | Tuning the parameters of a memetic algorithm to solve vehicle routing problem with backhauls using design of experiments[END_REF].

-The Vehicle Routing Problem Pickup and Delivery (VRPPD) problem can be solved by many methods such as meta-heuristics tabu search [START_REF] Sigurjonsson | Taboo search based metaheuristic for solving multiple depot vrppd with intermediary depots[END_REF], and heuristics [START_REF] Bianchessi | Heuristic algorithms for the vehicle routing problem with simultaneous pick-up and delivery[END_REF].

-The Vehicle Routing Problem Multi-Depot (VRPMD) problem can be solved by many methods such as exact methods [START_REF] Contardo | A new exact algorithm for the multi-depot vehicle routing problem under capacity and route length constraints[END_REF], heuristcs methods [START_REF] Carlsson | Solving min-max multi-depot vehicle routing problem[END_REF] and meta heuristics Genetic Algorithms [START_REF] Surekha | Solution to multi-depot vehicle routing problem using genetic algorithms[END_REF], etc. There are several optimization methods that can be applied to find the solution of PTP. We discuss some variants of Passenger Trains Problems (PTP), as follows :

-A lot of research work, in the literature addresses the Passenger Train Timetabling Problem (PTTP). In [START_REF] Barrena | A Fast and Efficient Adaptive Large Neighborhood Search Heuristic for the Passenger Train Timetabling Problem and Dynamic Demand[END_REF], Eva presents two optimization methods to solve the problem. She describes the Integer Linear programming and the Large Neighborhood heuristic and compares the results of these methods. In [START_REF] Bahramian | A simulation-based optimization approach for passenger train timetabling with periodic track maintenance and stops for praying[END_REF], Zahra proposes to use the Cellular Automate (CA) with genetic algorithm (GA) to solve the PTTP. -Similarly, we find many solution methods for the Rolling Stock Problem (RSP) in the literature. They propose to use different optimization methods. For example, in [START_REF] Tsuji | Ant Colony Optimization approach for solving rolling stock planning for passenger trains[END_REF], yasutaka proposes ant colony optimization (ACO). In [START_REF] Reuther | Integrated optimization of rolling stock rotations for intercity railways[END_REF], Reuther presents a heuristic method (generic hyper-graph) with mixed integer linear program (MILP). In [START_REF] Wagenaar | A Comparison of Two Exact Methods for Passenger Railway Rolling Stock (Re) Scheduling[END_REF], Jorgen compares two The Container Terminals Problem (CTP) can be solved by several optimization methods that can be applied to find a solution. Some of these methods, can be cited as follows :

-In [START_REF] Hottung | A biased random-key genetic algorithm for the container pre-marshalling problem[END_REF], authors propose the genetic algorithms to solve the Container Reshuffling Problem (CRP).

-In [START_REF] Guerra-Olivares | A Heuristic Procedure for the Outbound Container Relocation Problem during Export Loading Operations[END_REF], authors propose the heuristics method to solve Container Relocation(reshuffling) Problem for export terminal.

-In [START_REF] Ku | Container relocation problem with time windows for container departure[END_REF], authors propose the stochastic dynamic programming to find min reshuffling with departure time windows for import terminal. -In [START_REF] Güven | Trip allocation and stacking policies at a container terminal[END_REF], authors proposes stacking policies to consider the departure time as parameters to stocking the container in yard. -For Berth and Quay Crane Allocation Problem (BQCAP), there exist the solution methods, such as :

-In [START_REF] Liu | Framework branch-and-price algorithm for yard management problem at container terminals[END_REF], authors propose the branch-and-price algorithm to solve it.

-In [START_REF] Dai | Berth allocation planning optimization in container terminals[END_REF], authors propose the dynamic deployment scenario. -The Appointment Time for External Trucks Problem (ATETP), there exist the solution methods, such as :

-In [START_REF] Luo | Modelling of integrated vehicle scheduling and container storage problems in unloading process at an automated container terminal[END_REF], authors propose to model the integrated vehicle scheduling and container storage in Container Terminals. -In [START_REF] Chafik | Stacking policy for solving the container stacking problem at a containers terminal[END_REF], authors propose Stacking policy to solve the container stacking problem for departing container from terminal.

Conclusion

In this chapter, we present the optimization ontology to integrate the optimization methods to solve a particular logistic problem. It is made possible by defining the optimization problems, the optimization methods, and the optimization in components, to interact with the already defined logistics ontologies. We take an in-depth review of the optimization methods for the respective logistic problems. We preview their integration for the development of a reasoning system.

We present the abstract optimization knowledge models. It facilitates the development of inherent optimization models, which may solve the optimization problems.The optimization ontology contains the general concepts of optimization. It also define some individuals of logistic optimization problem. The ontology, we develop can integrate some other optimization ontologies. It is capable to contain the concepts to make it more general in order to cope with the majority of the existing optimization problems and the methods. They are also capable to classify these concepts, depending on their nature, such that the Continuous versus Discrete Optimization, Unconstrained versus Constrained, or Deterministic versus Stochastic, etc.

We briefly present the reasoning system, initially based on the three types of logistics problem such as Vehicle Routing Problems (VRP), Passenger Train Problems (PTP), and Container Terminal Problems (CTP). In the next chapter, we discuss in detail the design and development of the reasoning system to validate the proposed strategy.

Part III

The Implementation Chapter 7

Implementation prototype of validation

Introduction

The logistics and optimization ontologies can be managed interactively by a reasoning system. The proposed system integrates the ontologies as the repositories. It can be exploited by a user along with other logistics data with the help of usable interfaces. It allows to launch user-defined queries to index a particular logistic problem, and its respective optimization methods. The reasoning system also hosts the web-services data, which implements the optimization methods.

The implementation of Ontology-Based Reasoning System inherently use several languages. It uses OWL to built the different ontologies described in the previous chapters. The SPARQL is used to construct the queries intended to extract the concepts needed to identify the logistics problems. We also use the languages dedicated to define Web Services, such as WSDL and those used for data exchange like JSON, etc. The reasoning system has been developed and deployed in form a dynamic web Java EE application.

In this chapter, explore the execution sequences of designed reasoning system. We also present the algorithms to find the exact types of logistic problems and later on to find the optimal web-services. Finaly, we discover the functionality of the reasoning system with the help screen captures. -The processes to find the type of logistics problem and index the solution methods -The processes to find web services which execute the underlying implementation of the solution methods and presents the result of such an execution.

In the following, we describe the details of these processes.

Finding the type of logistic problem and its solution method

The figure 7.1 shows the general processes to identify logistics problem and to specify the optimization methods. These processes are organized on three layer : the logistics expert, the query engine, and ontology based reasoning system.

When the logistics expert interacts with process builder, (s)he identifies the concepts defining her problem. Therefore, (s)he identifies the type of her logistic problem. The interaction between the system and the logistics expert includes two steps. Finding first the type of logistics problem and then the corresponding optimization methods that solve the found problem.

Find the type of Logistics Problems

The identification as what we call finding the logistics problem is mainly based on the identification of the Resource Concepts (RCs) that are used by the problem. So, the expert begins the interaction with reasoning System by choosing the Resource Concepts from a category of RCs defined in the logistics ontology.

We assume the fact that RCs are at the core of every logistic problem. Inversely, the logistic problems depend on the involved Resources concepts (RCs). Once, the resource concepts are specified, the Ontology-Based Reasoning System extracts the Resource Concepts Path (RCP) by means of queries addressed to the logistics ontology. The RCPs represent the interconnections of the resources by means of the role or relationship. The Ontology-Based Reasoning System uses the Depth First Search (DFS) (algorithm 1) to identify the Resource Concept Path(RCP). We can also use Breadth-First-Search (BFS) to identify the corresponding RCPs, but we believe the DFS is more conferment (in terms of memory and speed) than BFS because of the wider structure of inter-linked RCs.

Let us further illustrate this problem with the help of resource concepts of the Vehicle Routing problem (VRP). There are two major RCs (Vehicle and Warehouse). We observe that there exist the tree of interconnected concepts from RCs concepts to Logistics problem such as shown in figure 7.2. The DFS uses Resources Concepts (RCs) to find the RCPs which leads to the identification of two independent RCPs for each RC. Consequently, the system identifies a RCP find the roles connected to Vehicle. We also find the related concepts.

For instance, we find the roles and range concept. Such as the domain concept of useVehicle is the Order and the range concept is the vehicle. Hence, we add the related concepts Order to RCL. -Compare the each concept found in RCL with the visit concepts list (VL) and Resource Concepts (RCs). If there exist a common item in RCL that is both in VL and RCs then it should be deleted. We compare the resulted items in RCL to find the Logistics Problem. For this purpose, we move the concepts in RS as RCP to RCPs list from RCL. Verify that the RCL is not empty, then choose the first element of RCL and add it in PS and VL. We continue to find related concepts for the whole process, as stated above. For instance, we consider the RCL that includes the Order concept. This concept is not in VL and RCs, and it is not a logistics problem. We add Order to VL and RS and continue for the three related concepts (Warehouse, Tour, and EOQ).

We then verify, if the Warehouse concept is resource concept then we delete it. We can select the Tour and add it to VL and RS. We then find the related concepts of Tour that is VRP. The VRP is a logistics problem. Proceeding, in the same way, we delete the VRP from RCL and return the RCP1 that includes PS and VRP. RCP1: Vehicle → Order → Tour → and eventually VRP. -Another condition is to verify if the RCL is empty. Then, we can pop an item from the Result Stack (RS). We attempt to find the related concepts until the result stack is empty. For instance, consider if there is no element in RCL, then we can pop(Order). We can continue to find the related concepts (Warehouse, Tour, and EOQ) and compare them with VL and RC. We can then select the EOQ and find the related concepts (Inventory) and compare if it is a logistic problem. Then we can return RCP2. RCP2: Vehicle → Order → EOQ → and eventually Inventory : the stop condition is, if the RS and RCL are empty.

In the same way, we also find the RCPs of the Warehouse Resource, as 

5.

To identify specifically the exact type of logistic problem. We require logistics expert to specify some attributes of his logistics problem. This specification can lead us to find the exact type of problem with the help of logistic ontologies. For instance, the logistics expert can identify some data properties such as if isCenteral is true,Costumer Return Goods is false, that produces the variant of VRP as a CVRP. We use a SPARQL query to find variant of VRP, as shown in Algorithm 2.

The RCPs essentially begin with the problem type, because the found elements are stored in form of stack data-structure, as a result of DFS. This further justifies, our use of DFS (over BFS), as BFS stores the elements in form of queue data-structure. Hence, it is comparatively faster to compare the similar stacked elements from the top, between RCPs.

Find the list of Optimization Methods

The reasoning System maps the found logistics problem to the corresponding optimization ones by means of the optimization ontology. The aim is to assist the logistics expert to identify the optimization methods that are necessary to solve the logistics problem. For instance Capacity Vehicle Routing Problem (CVRP) can be mapped to some optimization methods that solve it, as shown in Algorithm 3.

Find Optimal Web Services

The figure 7.5 shows the global process leading to assist logistics experts to identify the optimal web services deployed in order to solve the optimization problems corresponding to initial logistics one. WHERE { ?tour r:hasOrder ?order.

5:

?order :useVehicle ?vehicle ;

6:

:onWarehouse ?warehouse;

7:

:CostumerReturnGoods "returnGood" 8:

?warehouse :isCenteral "WarehouseCent" . 9:

?vehicle :hassomecapcity "CapcityVehicle". return methods[] 10: end function The logistic expert selects an optimization method from a list of optimization's methods found by the reasoning system. The Reasoning System also recognizes available web-services from Web Services Database (WSDB). This recognition depends on some criteria like the type of logistics problem and implementation of the selected optimization method, etc. The system builds a kind of parameterized SQL query addressed to WSDB (which is a relational database).

Likewise, the web-services are also characterized by different attributes concerning the performance, the size, and the algorithm efficiency.

These may also involve the problem complexity, the number of nodes, time constraints. The choice of these attributes and to qualify their importance is strictly restrained by the logistics expert.

Therefore, the Reasoning System must compare the attributes of the web services with logistics data needed to solve the problem. For example for the CVRP problem there are many web services with limitation conditions such as the number of order (nodes) that can be executed, etc. Finally, the system may upload logistics data to the web services for execution and then gets the results. In fact, the data extraction is achieved by means of the queries, addressed to the logistics database. We used two techniques to transfer the logistics data to web-services that are explained in section 4.2.6.

We experiment the same data (involving 20 orders) on different web-services (for instance: TrackRoad1 , OptimoRoute2 ). Each web-service uses different optimization method. Evidently, we obtain different results according to the capability of the web-service to solve the logistics problem. The developed plate-form provides a means to store the user experience for verification.The results of this experiment for TrackRoad and OptimoRoute (as both offers to solve the same set of problem types) as shown in Table 7.1.

The prototype of reasoning system

The reasoning system, we develop is composed of two main parts. The first part deals with assisting the logistics experts to well identify their problem and then solve the problem. The second part consists of some functions leading to change or modify the background of knowledge of the system by adding problem descriptions, or uploading optimization methods or web-services. The figure 7.6 shows initial window interface of the ontology based reasoning system. The two main icons concern the two part of the system discussed above.

When the Logistics Expert check the START icon, the system identify a list of the Resources Concepts (RC) available in the Logistic ontology by means of a SPARQL query such as shown in figure 7.7. The logistics expert may select some resources from this list and then the system identifies the corresponding For instance, if the logistics expert specify the value "true" for attribute "vehicle have some capacity ", the "false" value for attribute "costumer can return goods", and the value "true" for attribute "Warehouse is Central" and choose objective function "minimum distances", then the system identify a variant of the VRP as the Capacity Vehicle Routing Problem (CVRP). Likewise, the system make the mappings between individuals of CVRP or instance of the CVRP concepts, and concepts specified in the optimization ontology. The system also build queries in order to extract the optimization methods to solve the CVRP. The logistics expert is then invited to choose one of these methods, as shown in figure 7.9.

When logistic expert chooses an optimization method like the Genetics Algorithm (GA). The reasoning system might make a query to Web Services database (WSBD) to find web services which can solve the CVRP by means of Genetics Algorithm (GA). Such web services can be TrackRoud and OptimoRoute, for instance (Figure 7.10). When the logistic expert select one or more web services such as TrackRoud, the system transfers the orders of correct problem from logistics database to web service for execution. The figure 7.11 shows the name of the chosen web service, total distances, and execution time. It also show the total steps of vehicles such as shown in Figure 7.12. We obtain a list of stops of each vehicle along with the order details and web-service performance attributes. The logistic expert can choose and call the web-service. In return, (s)he may obtain the results.

The insert and modification part

In this part, we present the means through which a logistic expert can insert or modify the concepts of actual logistics problem in logistics ontologies, or add/modify the optimization methods in optimization ontology, or insert the new web services in WSBD. The Figure 7.13 shows the interface, including the two main parts to insert the concepts for new general logistics problem, and/or to add new optimization method or modification methods in reasoning system.

When we choose first one to insert general logistics problem. There are three buttons such as shown in figure 7.14. The first must be selected which is the type of available general logistic problems in logistics ontologies. It can provide Otherwise, we have the option to insert new type of problems by using the third button.

The reasoning system provides the option to describe the concepts of logistic problem, such as shown in figure 7.15. It actually includes four concept fields, which are the process concept field, the activity concept field, the resource concepts, and the objective functions. The processes concepts can be used to select the actual logistics process or it may allow to add new process if it does not exist in logistics ontologies. The activity concept is same as the process concepts. The resource concepts, can help to select one or more resource concepts of the problem. Finally, the objective function can be selected if it already exist otherwise, it may allow to add the objective function.

The next step, allows to insert the roles of logistics problem such as shown in figure 7. [START_REF] Fayez | Ontologies for supply chain simulation modeling[END_REF]. It is same the insert concepts, we can select the existing roles or add the new ones if theses are never described. It does allow the possibility to add the general logistics problem. The reasoning system then automatically generate the Resource Concept Path (RCP) of the problem and insert it into Concept Path Hence, we can define the attributes of the logistics problem such as shown in figure 7.17. For instance, we define the attributes of Vehicle Routing Problem (VRP). We can also insert the data properties for each concept of the problem, these attributes help to define the type of logistics problem. Once the the attribute are define, we can then insert the individual variant type of logistics problem.

Hence, we can find all individual variants of Vehicle Routing Problem (VRP) to modify or add a new individual such as shown in figure 7.18. We can define new variant of logistics problem by inserting the concepts and attributes along with its objective function. These individuals are added in the logistic ontologies which in turn defines logistic problems.

In order to add the optimization methods into the optimization ontology repository, we select the option to add the optimization method, as shown in figure 7.13. Henceforth, we select the type of logistics problem to associate its solution method. The reasoning system is then capable to provide the individuals of logistics problem as defined earlier, such as shown in figure 7.19. For instance, when we select the type of logistics problem, as vehicle routing problem such as shown in figure 7.20. The reasoning system display the individuals of VRP. We can select an individual such as CVRP and add the new method. Hence, the reasoning system has the repository that contains the defined optimization methods to solve the CVRP, such as shown in figure 7.21. We can add new method by selecting the type of methods from the list, and we can add the individuals of the chosen method.

Likewise, we can add the web service for an existing method. We can select the option to add new webservice, from below the individual type of method. The added web-services are stored in the Web-Service Database (WSDB). For example, we can add a web service for individuals of Genetic Algorithms method (GA1). Then the reasoning system asks the name of web services and the maximum nodes, that can be executed, such as shown in figure 7.22. 

Conclusion

In the chapter, we discuss in detail the validity of proposed approach. For this purpose, we design and develop a software tool based on the logic's of a reasoning system. It has been developed, using the JEE technology, with a webinterface. We used OWL to define the ontologies, which can be interrogated with the help of SPARQL queries. The system, inherently manages the interaction of different repositories, such the repository of logistic ontologies, repository of optimization methods, repository of web-services, etc. The reasoning system incorporates the logistics processes and implements the optimization algorithms. It uses the Depth-First-Search algorithm to identify the Resource Concept Paths, in logistic ontologies.

We, initially explain the data flow among different constituents of the prototype system, and then describe its functionalities. The reasoning system provides the usable means to add or identify an existing logistic problem, and associate it with a newly added or existing optimization method. The optimization methods may have their implementation details, linked with the help of available webservices, which can be called. The prototype system can communicate with the web-services and retrieve the processed data. At the end, we illustrat different functions of reasoning system with the help of screen captures.

Part IV Conclusion

Chapter 8

The Conclusion and Perspectives

Conclusion

A logistic process can be viewed as a complex amalgamate of activities. These activities are realized by different actors such the manufacturers, suppliers, and customers, which are often far apart. These distinct actors are implicated to manufacture, transport, and distribute the products. Each of these actors has their own, well-defined objectives. These objectives can many-a-times generate difficult conflicting situations.

An efficient logistic process, requires the better management of the production, storage, and transport of goods. It inherently requires better management of production chains, routing delivery details, inventory controls, and overall information processing. It is for this reason, we need to explicitly define the problem domain.

In this thesis, we consider the optimization problems of logistic transportation, such as the Vehicle Routing Problem and the Passenger Train Problem, to better illustrate our approach. The proposed approach is extensible, and may allow to include various other logistic problems. Hence, we further validate the proposed approach, with the help of its extension to cope with Container Terminal Problem.

In chapter 1, we aim to introduce the different concepts of a logistic network. We explore the problems, which are most susceptible to be encountered by a 147 logistic expert. We focus on the supply chain management. We explore the key issues at the strategic, tactical, and operational levels. Various logistic processes requires to be defined explicitly, in order to better understand the encountered problems. We observe that the logistic problems are complex combinatorial problems, which need to be optimized. The heterogeneity of involved problem domains, urges us to bridge the communication gap. The careful observation of the characteristics of a logistic problem reveals it to be an optimization problem. It is for this reason, we adopt an ontology-based approach, to define the common vocabulary to better define the logistic problems and index the associated optimization methods.

It is for this reason, in chapter 2, we introduce the ontologies and their capabilities to accommodate the logistic data. We explore the application scenarios of ontology, to find their relevance to logistics. The ontologies at the core are defined with the help of Description Logic. For the sake of clarity, we describe the description logic and its concept, as defined in the literature. We further explores the possibilities of its definition and interaction by the point of view of a user. It is therefore, we also describe the semantic web techniques from the existing literature. Such techniques provide the possibility to extend the World Wide Web, with the help of inter-linked ontology concepts. The Internet, initially had been passive, with mostly read-only contents. With the arrival of Web 2.0, it has been made possible to integrate user responds, consequently generating huge data bulks. These can be efficiently managed using the Semantic Web languages, like the RDF, and OWL, etc. These ontology schema can be interrogated with the help of structure query languages e.g., SPARQL. We explore the means to define the logistic and optimization concepts with the help of ontologies and semantic web techniques.

To pursue this objective, we attempt to define the explicit descriptions of logistics and optimization ontologies in chapter 3. We describe in details the concepts of supply chain management. We review the existing ontologies in the literature. The state of the art research presents some interesting approaches in this regard. The most inspirational among them have been SCOR (Supply Chain Operations Model), OrGoLo (Organizational Innovations via Good Governance in Logistics Networks), Semantic services application framework, ON-TOP (Ontology for Optimization), and GOO (General Optimization Ontology). We infer the significance of the existing work in respect of logistic problems and their optimization methods. We extend this work to explicitly define the logistics and optimization ontologies in form of the repository schema. Which can be exploited with the help of queries.

In order to define the logistic problems and subsequently find their solutions with the help of ontologies, we proposed to design a reasoning system in chapter 4. We present the global architecture of the reasoning system to present its different functionalities at an abstract level. The proposed reasoning has been used as a prototype of validation for the defined strategy to deal with different logistic processes. It is manages the interaction among the repositories that store the logistics and optimization ontologies, along with the artifact repository that represent the various artefacts related to logistics problems and optimization methods. The system allows a user to launch the queries with the help of a query engine, and later on to transfer the extracted information to the available web-services. Finally, it is capable to retrieve the processed information form the web-services.

We subsequently, define the logistic ontologies in chapter 5. The top level of logistic ontologies considers the general concepts of supply chain management. We specialized these concepts progressively with help of definitions of resource concepts, like the sub-classes of Air Transport, Warehouse, Vehicle, Ship, and People. In this regard, we identify the different actors like Network Service Provider, Single Service Provider, System Service Provider, etc. The implicated service concepts can be distinguished as different Logistic Services like Packaging, Handling, Order Processing, Warehousing, etc. We further define the sub-classes of Goods, and Locations to leave no room for confusion to define the logistic problems. It is therefore, we subsequently define the Vehicle Routing Problems, Passenger Train Problems, and Container Terminal Problems, using the defined concepts and inferred axioms.

The logistics problems, which have been characterized as optimization problems requires the optimization methods for their resolutions. In chapter 6, we explicitly define the optimization concepts and their associations to different individual variants of logistic problems. We consider the optimization as a composition of optimization problems, methods, and their components. Hence, we need to provide the respective definitions of optimization problems such as the dynamic, linear-objective function, non-linear objective function, network, or stochastic problem. We need also to define the optimization methods as either exact or approximated (classified as either heuristic (further classified as either improvement or construction) or meta-heuristic) methods , etc. These ontology repositories are managed with the help of a reasoning system.

Moreover, in this regard, we opt to develop a prototype of validation for the presented approach. Hence, we discuss the further details in chapter 7 concerning the different aspect of the reasoning system. The reasoning system allows to enrich the logistic and optimization ontologies by a software developer. From the point of view of a logistic expert, it may provide the possibilities to identify and index the logistic problems. We show its execution scenario, in respect to identify the type of logistic problems and furthermore to find the optimization methods. These optimization methods can solve the identified problems. We test the reasoning system and show the results for the Capacity Vehicle Routing Problem (CVRP). We retrieve and compare the results for CVRP from two different web-services (optimoRoute and TrackRoad).

Perspectives

The logistics is a complex network of heterogeneous resources. We define an ontology-based approach for the definition logistic problems, and similarly, for their association with optimization methods, that can be used to solve these problems. For instance, we deal with three major problem sets, which are the Vehicle Routing Problem (VRP), the Passenger Train Problems (PTP) and the Container terminal Problems (CTP). In the short-term, we wish to complete some more individuals of logistics problem such as Airline Optimization Problems (Aircraft Load Planning Problems, Revenue Management Problems, and Schedule Planning Problems), the Supply Chain Management Problems (Location Management Problems, Inventories Management Problems) and also the People Management Problems.

In the middle-term perspectives, we wish to continue the enhancement of optimization. We may develop and add more web services that can be used to solve the considered logistics problem, and for which either the web-services are not available or they does not sufficiently serve the purpose, such as: Rolling stack problem (RSP), Passenger Train Timetabling Problem (PTTP), etc. We intend to enlarge our working team with the collaboration of other research groups to develop the new web services for the optimization methods.

In the long-term, we intend to transform the reasoning system to be available online. It may permit an open access to integrate the web-services for other optimization methods. In this case, we can use WSDL and JSON to define the interface that connect the reasoning system with web services. Hence, young researchers can easily connect to these web services and alternatively to the reasoning system. It may reduce the time for them, to develop and/or compare the web services. We can also measure the ability of web services by using score values, it may use history of web services executions. In this regard, the reasoning system can use standard testing system for optimization web services.

Ontologies and Semantic Web for an evolutive development of logistic applications Abstract

Le domaine de la logistique implique souvent la résolution de problèmes combinatoires complexes. Ces derniers font également implicitement référence à des processus, acteurs, activités et méthodes concernant divers aspects qu'il faut considérer. Ainsi, un même problème peut faire intervenir des processus de vente/achat, transport/livraison et gestion de stock. Ces processus sont tellement divers et interconnectés qu'il est difficile pour un logisticien de tous les maîtriser. Dans cette thèse, nous proposons l'explicitation, par le biais d'ontologies, de connaissances conceptuelles et sémantiques concernant les processus logistiques. Ces connaissances explicites sont alors mises à contribution pour construire un système à base de connaissances permettant de guider les logisticiens dans la construction, de façon incrémentale et semi-automatique, de solutions informatiques à un problème qui leur est posé à un moment donné. Nous mettons en oeuvre une ontologie concernant le domaine de logistique connectée à une ontologie associée à la problématique de l'optimisation. Nous établissons ainsi un lien sémantique explicite entre le domaine de la logistique et celui de l'optimisation. Cela permet aux logisticiens d'identifier de façon précise et sans ambiguïté le problème logistique auquel il est confronté et les problèmes d'optimisation associés. L'identification des problèmes conduit alors à un processus de choix des solutions allant du choix du processus logistique précis à mettre en oeuvre à celui de la méthode de résolution du problème combinatoire et cela jusqu'à la découverte du composant informatique à invoquer et qui est matérialisé par un service web. L'approche que nous avons adoptée et mise en oeuvre a été expérimentée avec les problèmes de routage de véhicules, le problème de transport ferroviaire de passagers et le problème de terminaux de conteneurs. Ontologies and Semantic Web for an evolutive development of logistic applications Abstract

Logistic problems are often complex combinatorial problems. These may also implicitly refer to the processes, actors, activities, and methods concerning various aspects that need to be considered. Thus the same process may involve the processes of sale/purchase, transport/delivery, and stock management. These processes are so diverse and interconnected that it is difficult for a logistic expert to compete all of them. In this thesis, we propose the explications with the help of ontologies of conceptual and semantic knowledge concerning the logistic processes. This explicit knowledge is then used to develop a reasoning system to guide the logistic expert for an incremental and semi-automatic construction of a software solution to an instantly posed problem. We define an ontology concerning the inter-connected logistics and associated optimization problem. We, henceforth, establish an explicit semantic link between the domains of logistics and the optimization. It may allow the logistic expert to identify precisely and unambiguously the confronted logistic problem and the associated optimization problem. The identification of the problems then leads to a process to choose the solutions ranging from the choice of the precise logistic process to be implemented to that of the method to solve the combinatorial problem until the discovery of the software component to be invoked and which is implemented by a web service. The approach we have adopted and implemented has been experimented with the Vehicle Routing Problems, the Passenger Train Problems, and the Container Terminal Problems.

Keywords: semantic web, ontology, logistic, optimization, web services, owl, description logic, vehicle routing problem, passenger train problem, container terminal problem
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 9 Axiom 5.3: The Logistics Optimization Problem includes three sub-classes : Airline Optimization Problems , People Management Problems, and Supply Chain Management Problems. It can be formulated as follows : LogisticsOptimizationP roblems ≡ AirlineOptimizationP roblems ∪ P eopleManagementP roblems ∪ SupplyChainManagementP roblems The People management problem consists of allocating human resources to activities with minimal cost. The Airline optimization problems may be categorized in different fields such as Aircraft Load Planning Problem, Revenue Management Problem and Schedule Planning problems. For instance, Aircraft Load Planning consists of planning the transportation of equipment and persons. Additionally, the person transportation must involve a seat availability control system [49]. Axiom 5.4: The Airline Optimization Problems includes three sub-classes: AirCraft Load Planning Problems, Revenue Management Problems, and Schedule Planning Problems. AirlineOptimizationP roblems ≡ AirCraf tLoadP lanningP roblems ∪ RevenueManagementP roblems ∪ ScheduleP lanningP roblems The supply chain management is a vast domain covering problems related to transport, location, inventories, vehicle routing, etc. Axiom 5.5: The Supply Chain Mangement Problems includes three sub-classes: location Mangement Problems, Transportation Problems and Inverentories Mangement Problems. It can be formulated as follows : SupplyChainMangementP roblems ≡ LocationMangementP roblems ∪ T ransportationP roblems ∪ InverentoriesMangementP roblems In this work, we focus on the Transportation Problems. These can include many variant such as the Railways Transportation Problems, the Road Transportation Problems, and the Marine Transportation Problems. We choose three types of transportation problems to validate the proposed model. These are the Vehicle Routing Problem (VRP), the Passenger Train Problems (PTP) and the Container terminal Problems (CTP).
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 523 The Berth and Quay Crane Allocation Problem (BQCAP) is a Container Terminal Problems (CTP). It is produced by the Marine Container Transportation process. The Marine Container Transportation has some Container Transportation. It has an Objective function that is to minimize the Loading Time of vessel. Each Container Transportation uses the Vehicle and the Warehouse, therefore, the allocation Vessel is true. It can be formulated as follows : BQCAP ⊆ CT P ∩ ∃producedby.(MarineContainerT ransportation ∩ ∃hasContainer.(ContainerT ransportation ∩ ∃useT ruck.V ehicle ∩ ∃Get/P utContainerInY ard.W arehouse ∩ ∃Get/P utContainerInV essel.(Ship ∩ isAllocationInBerth.true)) ∩ ∃hasFuction.minLoadT ime) Axiom 5.24 : The Container Re-shuffling Problem (CRP) is a Container Terminal Problem (CTP). It is produced by the Marine Container Transportation process. The Marine Container Transportation has some Container Transportation. It has an Objective function that is to minimize the number of movement of the containers. Each Container Transportation uses the Vehicle and the Vessel. The global function of Warehouse is to arrange the Containers. It can be formulated as follows : CRP ⊆CT P ∩ ∃producedby.(MarineContainerT ransportation ∩ ∃hasContainer.(ContainerT ransportation ∩ ∃useT ruck.V ehicle ∩ ∃Get/P utContainerInY ard.(W arehouse ∩ isRange.Container)) ∩ ∃Get/P utContainerInV essel.V essel ∩ ∃hasFuction.minReshuf f lingOf Container) Axiom 5.25 : The Rubber Tyred Gantry Crane Problem (RTGCP) is a Container Terminal Problem (CTP). It is produced by the Marine Container Transportation process. The Marine Container Transportation has some Container Transportation. It has an Objective function that is to minimize Vessel Wait Time. Each Container Transportation uses the Vehicle and Vessel. The global function of Warehouse is to arrange RTGCs. It can be formulated as follows : RT GCP ⊆CT P ∩ ∃producedby.(MarineContainerT ransportation ∩ ∃hasContainer.(ContainerT ransportation ∩ ∃useT ruck.V ehicle ∩ ∃Get/P utContainerInY ard.(W arehouse ∩ isRange.RT GC)) ∩ ∃Get/P utContainerInV essel.V essel ∩ ∃hasFuction.minV esselW aitT ime) Axiom 5.26 : The Scheduling and Routing Vehicle Problem (SRVP) is a Container Terminal Problems (CTP). It is produced by the Marine Container Transportation process. The Marine Container Transportation has some Container Transportation. It has an Objective function that is to minimize the Wait Time For (QC and RTGCs). Each Container Transportation uses a Vessel and Warehouse. The Vehicle is Internal type. It can be formulated as follows : SRV P ⊆CT P ∩ ∃producedby.(MarineContainerT ransportation ∩ ∃hasContainer.(ContainerT ransportation ∩ ∃useT ruck.(V ehicle ∩ isT ype.Internal)) ∩ ∃Get/P utContainerInY ard.W arehouse ∩ ∃Get/P utContainerInV essel.V essel ∩ ∃hasFuction.minW aitT imeOf QCandRT GC) Axiom 5.27 : The Appointment Time for Extranal Trucks Problem(ATETP) is a Container Terminal Problems (CTP). It is produced by the Marine Container Trans-portationprocess. The Marine Container Transportation has some Container Transportation. It has an Objective function that is to minimize the Wait Time For External Trucks. Each Container Transportation uses a Vessel and Warehouse. The Vehicle is External type. It can be formulated as follows : AT ET P ⊆CT P ∩ ∃producedby.(MarineContainerT ransportation ∩ ∃hasContainer.(ContainerT ransportation ∩ isFor.Import) ∩ ∃useT ruck.(V ehicle ∩ isT ype.External)) ∩ ∃Get/P utContainerInY ard.W arehouse ∩ ∃Get/P utContainerInV essel.V essel ∩ ∃hasFuction.minW aitT imeForExternalT rucks
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 61 The Optimization Problem class represents the problem to be solved. It is further classified into different sub-classes. -The Optimization Method class represents the method used to solve the problem. -The Optimization Component class represents the various parameters of the optimization problem. The figure 6.1 explains dependencies among the Top Level Optimization Ontologies. The Optimization class basically extended by the optimization component, optimization problem, and optimization method classes, whereas the logistics problem class is addressed by optimization method class, in this regard. Optimization may be either OptimizationProblem or Optimization-Method or Optimization Component. It can be shown as follows :
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  instance the Vehicle Routing Problem depends on the Vehicle and Warehouse resources. Likewise the Passenger Train Problem depends on the Train and Passenger resources. Similarly, Container Terminal Problem depends on the Ship and Warehouse resources.

Figure 7 . 2 -

 72 Figure 7.2 -An Example uses DFS to identify Vehicle Routing Problem

Figure 7 . 3 -

 73 Figure 7.3 -The resulted RCPs of Vehicle Routing Problem

Figure 7 . 4 -

 74 Figure 7.4 -An Example of CPDB

Algorithm 2

 2 Type of Logistics Problem 1: function Type-VRP(returnGood, CapcityVehicle, WarehouseCent, Objective-

Figure 7 . 5 -

 75 Figure 7.5 -The flow chart to find web services

Figure 7 . 6 -

 76 Figure 7.6 -The home page of the reasoning system

Figure 7 . 7 -

 77 Figure 7.7 -The interface that are shown the Resources Concepts

Figure 7 . 8 -

 78 Figure 7.8 -Define the attributes of VRP

Figure 7 . 10 -

 710 Figure 7.10 -Display available list of Web Services

Figure 7 . 11 -

 711 Figure 7.11 -Display total distance of Web Service

Figure 7 . 13 -

 713 Figure 7.13 -Display main page of Modification Part

Figure 7 . 14 -

 714 Figure 7.14 -Add new type of logistics problem

Figure 7 .

 7 Figure 7.16 -Define the Objective Function

Figure 7 . 17 -

 717 Figure 7.17 -Define the attributes of logistics problem

Figure 7 . 18 -

 718 Figure 7.18 -Display the Individuals of VRP

Figure 7 . 20 -

 720 Figure 7.20 -Display the individuals of VRP to add new optimization method

Figure 7 .

 7 Figure 7.22 -Add new Web Service to solve a logistics problem

Keywords:

  semantic web, ontology, logistic, optimization, web services, owl, description logic, vehicle routing problem, passenger train problem, container terminal problem LISIC Le Laboratoire d'Informatique Signal et Image de la Côte d'Opale -Maison de la Recherche Blaise Pascal -50, rue Ferdinand Buisson -CS 80699 -62228 Calais Cedex -France

  

  

  

  

  

  

  

  

Table 3 .

 3 .1 shows the top level of logistics ontology. It includes Process class having the sub-classes Plan, Source, Make, Deliver, Return and the Metrics. The ontology also defines relationships among Process type, Company, and Good.

	The top level of concepts	Enterprise, process, resource, objec-	tive, plan, activity			Activity, plan, product, organization,	time, event, transfer-object, flow, per-	formance	Functional units, processes, materials,	objects, information, information re-	sources, schemas, performance mea-	sures, practices, resources, decisions,	views, tiers	Airbases, aircraft, parts, facilities, re-	mote supply depots, event object at-	tribute	Continuous, discrete, unconstrained,	constrained, stochastic programming,	integer programming	Process, process type, good, company,	metric, best practice, information		Logistics actor, Logistics role, logistics	service, logistics object, logistics KPI,	logistics resource, logistics location
	Author Scope Application	Madni [44] Supply chain (1) Crisis action planning and	execution,	(2) Integrated product process	development	Pawlaszczyk [51] supply chains Agent-based supply chain	simulation		Fayez [16] Supply chain Supply chain simulation					Matheus [45] Logistics Monitoring of spare parts lo-	gistics		Witherell[72] Optimization developed optimization ontol-	ogy to facilitate engineering	problems	Leukel [40] Logistics (1) Reconstruct supply chain	from knowledge base,	(2) Aggregating process frag-	ments	Hoxha [29] Logistics Logistics vocabulary, inter-	operability and integration

1 -The individuals of logistics and optimization ontologies

  and l d are the start and destination locations and t 1 and t 2 are the departure and arrival time of the vehicle. Also, each tour can include a set of freight b = {b1, b2, . . . } of swap bodies, and it may contain the orders o = {o1, o2, . . . }. It is assumed that each vehicle can have at least one driver. The Tour are the smallest units of freight transportation. Usually, multiple tours are combined for a delivery. The VRP refers to an optimized use of logistics resources. The major relevant constraints oblige to respect the minimum cost and time consumption.In the following, we discuss the variants of VRP[START_REF] Weise | Solving realworld vehicle routing problems with evolutionary algorithms[END_REF]. It may give better understanding of the shared knowledge domain of logistics and optimization.-The Capacity Vehicle Routing Problem (CVRP) is a VRP where a fixed fleet of vehicles respect the uniform capacity. In this problem, customer demands are served from a common depot at minimum transit cost. -The Vehicle Routing Problem with Time windows (VRPTW) is a VRP with the restriction that every order must be delivered in a fixed time interval. -The Distance Vehicle Routing Problem (DVRP) is a VRP with two objective

	1 , t 2 , b, o >	(5.2)
	l s	

functions : 1. minimizing the cumulative travel distance of all vehicles and 2. maximizing the travel distance of each vehicle. -The Multiple Depot Vehicle Routing Problems (MDVRP) is a VRP where commodities can be supplied to customers from several depots. -The Vehicle Routing Problem with Pick-up and Delivering (VRPPD) is a

  .3. These are : Each concept or class in top level includes other sub-classes. Such as : -The Dynamic Problem is refined by the Stagecoach Problem. -The Linear Objective Function Problem is refined by Parametric Linear Problem and Integer. The Logistics Optimization Problem can address the type of an Optimization Problem and also it can be solved by an Optimization Method. The Logistics optimization Problem may be Logistics Problems and it is type of Optimization Problem solved by some Optimization Method. It can be formulated as follows :

	-Dynamic Problem
	-Linear Objective Function Problem
	-Non Linear Objective Function Problem
	-Network Problem
	-Stochastic problem
	-The Non Linear Objective Function Problem can be classified into Separable
	Problem, Fractional Object Function Problem, Multi-variable Unconstrained
	Problem, Unconstrained Problem, Convex Function Problem, Non Convex
	Problem Quadratics Problem, Linearly Constrained Problem, and Geometric
	Object Function Problem.
	-The Network Problem can be refined by Shortest Path Problem, Minimum
	Spanning Tree Problem, Minimum Cost Flow Problem, and Maximum Flow
	Problem.
	Axiom 6.3 :

  .7 shows the Construction Heuristic class. It can include the methods such as the Clarke and Wright Saving Algorithm, Fisher and Jaikumar Algorithm, Petal Algorithm, Route First Cluster Second, Sweep Algorithm, and Route First Cluster Second. Finally, Meta heuristics can be classified into three sub-classes, such as shown in figure 6.9. -The Learning Mechanisms methods can be classified into the sub-classes such as Ant Colony Algorithms and Neural network. -The Local Search methods can include the sub-classes such as Record To Record Travel, Simulated Annealing Method, Variable Neighbourhoods Search and Tabu Search. We continuously classify the Tabu search, and Variable Neighbourhoods Search into some other sub-classes.

  2. The RCPs can be determined by following the inter-linking Roles betweenRC and the type of logistics problem. For instance, we focus to identify the Vehicle Routing Problem (VRP), along with the resulted RCPs as returned by DFS, for two RCs (which are Vehicle and Warehouse), as shown in Figure7.3.The DFS considers array lists such as Related Concepts List (RCL) including the related concepts, and Visit List (VL) including the visit concepts. It also takes into account a stack which is a Path Stack (PS). As, the DFS identifies all the RCPs for each RC, so in this case, it first identifies the RCPs for Vehicle resource and then for Warehouse resource. We can explain the sequence processes of DFS, as follows : The DFS add the Vehicle concept into PS and VL list. It can help to

	Algorithm 1 Depth First Search -	
	1: function Depth -First -Search(RC)	
	2:	Let array Path Stack(PS)	
	3:	Let array Visit List(VL)	
	4:	Let array Related Concepts List(RCL)	
	5:	Let array Resource Concepts path List(RCP)
	6:	i ← 0	
	7:	P S ← RC	
	8:	V L ← RC	
	9:	C ← RC	
	10:	stop ← f alse	
	11:	while logisticsproblem true do	
	12:	RCL ← ResultsRangeConcepts	Make query to find all roles and
		concepts that are Range of C	
	13:	RCL ← resultsDomainConcepts	Make query to find all roles and
		concepts that are Domain of C	
	14:	for each m RCL do	
	15:	for each s V L do	
	16:	if m = s then delete(m)	
	17:	end if	
	18:	end for	
	19:	if m is ResourcesConcepts then delete(m)
	20:	end if	
	21:	end for	
	22:	for each m RCL do	
	23:	if m is LogisticsP roblem then	
	24:	RCP [i] ← P S	
	25:	i ← i + 1	
	26:	delete(m)	
	27:	V L ← m	
	28:	end if	
	29:	end for	
	30:	if RCL is not empty then	
	31:	C ← dequeue(RCL)	
	32:	P S ← C	
	33:	V L ← C	
	34:	end if	
	35:	if RCL is empty then	
	36:	if PS is not empty then	
	37:	C ← pop(P S)	
	38:	else	
	39:	stop ← true	
	40:	end if	
	41:	end if	
	42:	end while	
	43:	return RCP	
	44: end function	

Table 7 .

 7 1 -The results of execution web services

	Web Service Total Distance (Km) Time (s)
	optimoRoute	26.145	22670
	TrackRoad	17.727	2170

https://www.w3.org/OWL/

https://www.w3.org/OWL/

TrackRoad:http://doc.trackroad.com

OptimoRoute:http://www.optimoroute.com

Remerciements

Remerciements

Table of Contents