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INTRODUCTION

The supply chain (SC) of a product, which is the succession of links in the supply chain for this product, involves several challenges. On the one hand, those of the logistical operations that make it up (operations, transport, storage, etc.), and those that are more transversal, namely: planning, forecasting, risk prediction and their mitigation. These latter issues, it seems, have more impact on its agility, flexibility, performance and resilience. Monitoring and controlling supply chain performance and its resilience has developed very rapidly over the past three decades, thanks in particular to the advent of several benchmarks (including SCOR) but also the integration of news technologies such as Artificial Intelligence (whose first applications of the last centuries concern robotics), which is the result of the expansion of the Internet and then of connected objects, which has given rise to an accelerated and continuous proliferation data, notably in the strands and interfaces of the supply chain. Currently, the proliferation of Artificial Intelligence (AI) applications in this field would be an opportunity for better performance control and a way to better build and build resilience. In this article, the objective is to do a literature review on the application of AI in the supply chain, its planning, prediction, risk analysis with the objective of sustainable underperformance and its resilience. This review is focused on cross-cutting issues related to planning, forecasting, risk prediction and supplier relations. The article is made up of two sections. The first describes the art in terms of the application of artificial intelligence concerning these issues. The second section gives a conclusion and perspectives.

ARTIFICIAL INTELLIGENCE: APPLICATIONS

History & Definitions

Artificial Intelligence (AI) began in 1950 with the mathematician Alan Turing after the creation of the Turing Test, according to [START_REF] Solomonoff | The Time Scale of Artificial Intelligence: Reflections on Social Effects[END_REF], its modern phase began in 1956 with the Dartmouth Summer Study Group on Artificial Intelligence, a group that assembled many people working in AI. "Logic Theorist" and "General Problem Solver" were one of the first fruits practicing the general theory of AI and giving it the first tools to work. [START_REF] Pomian | Aux Origines de l'Intelligence Artificielle : H. A. Simon En Père Fondateur[END_REF]. The studies on "Human problem solving" also led to "Cognitive Psychology", a fundamental science that combines with Artificial Intelligence. Since the beginning of the 21st century, the field of Artificial Intelligence has undergone a considerable evolution thanks to the development of computer science and the progress of research in Big Data and Machine Learning. [START_REF] Baryannis | Supply Chain Risk Management and Artificial Intelligence: State of 13 the International Conference on Modeling, Optimization and SIMulation -MOSIM'20 -November 12-14, 2020 Agadir -Morocco "New advances and challenges for sustainable and smart industries[END_REF] Through its characteristics, the field of AI is constantly changing, so its definition is constantly evolving.

According to Bringsjord and Schimanski, "Some agent is intelligent if and only if it excels at all established,
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validated tests of intelligence". [START_REF] Bringsjord | What Is Artificial Intelligence? Psychometric AI as an Answer[END_REF].

As for Legg and Hutter, they consider a Human or a machine to be intelligent if they meet the following prerequisites: 1. the ability to decide what to do in order to achieve one's goals; 2. the ability to cope, through learning and adaptation, with a range of eventualities that cannot be anticipated. [START_REF] Legg | Universal Intelligence: A Definition of Machine Intelligence[END_REF]. Thus, according to Marvin Lee Minsky (1956), Artificial Intelligence is defined as "the construction of computer programs that engage in tasks that are, for the time being, more satisfactorily performed by human beings, because they require high level mental processes such as: perceptual learning, memory organization and critical reasoning". Its aim is to develop and create "Thinking machines" capable of imitating, learning and replacing human intelligence. [START_REF] Min | Artificial Intelligence in Supply Chain Management: Theory and Applications[END_REF], it relies on algorithms whose behaviour evolves over time according to the data provided, capable of searching for information and analysing the data in an intelligent way.

On the other hand, Russel & Norving define AI as the ability to think like a Human, act like a Human, think rationally and act rationally. [START_REF] Norvig | Artificial Intelligence A Modern Approach Second Edition[END_REF], consequently, AI can be classified into four sub-field: 1. artificial neural networks (ANN) and Rough set theory , 2. machine learning, expert systems, and Genetic Algorithms, 3. fuzzy logic, 4. agent-based systems [START_REF] Min | Artificial Intelligence in Supply Chain Management: Theory and Applications[END_REF].

AI applications in SCM

Artificial neural networks (ANN)

An artificial neural network (ANN) is a set of artificial neurons whose purpose is to simulate the way the human brain processes and analyses information, in order to solve problems that are evaluated as difficult for humans to solve. ANNs are composed of several nodes, linked together by links. Thanks to a set of learning rules, the ANNs use the "input" information and generate, through an internal weighting system, the "outputs". Their self-learning system allows them to provide the best results. The decision in the supply chain, for the three operational, tactical and strategic levels has been the traditional field for the application of operational research, since the 80s and decades, long before for logistics, transport, planning and the ordering of operations.

Nowadays, the interconnectivity and interdependence of SC processes becomes more complexes and better fed by data. ANN is designed to reflect the interconnectivity and interdependence of SC planning processes better than traditional operational research (OR) techniques that were primarily intended for solving less-integrated sub-problems (e.g., inventory or production or transportation planning) of SC planning. [START_REF] Min | Artificial Intelligence in Supply Chain Management: Theory and Applications[END_REF] One of the most successful ANN applications is the hierarchical SC planning to determine setup times, optimal lot-size across SC processes, and required inventory levels to demand and production planning.

In terms of risk assessment, Bruzzone and Orsoni, employed Artificial Neural Networks (ANNs) to calculate the expected costs and risks of production losses and compare with another methodology based on simulation, the results reveals that the ANNs based methodology allows a more efficient cost estimation thanks to the chosen modular structure: The ANNs are supplied with specific scenarios with production times, quantities and capacities (input), along with corresponding cost estimates (output). Based on these training data, the ANNs learn how to correlate input and output, gaining the capability of calculating cost estimates for different scenarios. [START_REF] Bruzzone | AI and Simulation-Based Techniques for the Assessment of Supply Chain Logistic Performance[END_REF].

For upstream supply chain and supplier's relationship, we found much more contributions. In [START_REF] Zhao | A Case Based Reasoning Approach on Supplier Selection in Petroleum Enterprises[END_REF] the authors used ANNs to solve the key problems of the CBR (Case based reasoning) system of supplier selection. Thanks to its strong self-adaptability, the ANNs improve the accuracy of updating phases and the efficiency of the decision-making in the companies' process of selecting suppliers. In [START_REF] Jiang | Case-Based Reinforcement Learning for Dynamic Inventory Control in a Multi-Agent Supply-Chain System[END_REF] we found a learning algorithm to the supplier selection process improvement. Bayesian learning was used in [START_REF] Chen | Managing Supply Uncertainties through Bayesian Information Update[END_REF] to evaluate the suppliers reliability, and to show that although several parameters have not been considered, the model remains flexible and can be extrapolated taking into account other factors. In [START_REF] Garvey | An Analytical Framework for Supply Network Risk Propagation: A Bayesian Network Approach[END_REF], the authors modelled risk dependency graphs. The latter model is able to adapt depending on new knowledge is acquire, thus making sure that risk propagation is modelled accurately. [START_REF] Baryannis | Supply Chain Risk Management and Artificial Intelligence: State of 13 the International Conference on Modeling, Optimization and SIMulation -MOSIM'20 -November 12-14, 2020 Agadir -Morocco "New advances and challenges for sustainable and smart industries[END_REF] 

Rough set theory

The raw set theory is a mathematical tool used to solve vague, uncertain, imprecise and noisy data, it consists in drawing two precise boundaries to describe an imprecise concept: lower and upper approximation of the original data sets. Dynamic SC performance measurement is not only paramount for its resilience and agility but it is also the basis for the decision making process. Rough set theory is used for such a matter. In [START_REF] Zheng | A Rough Set Approach on Supply Chain Dynamic Performance Measurement[END_REF] we found a multiple criteria decision framework giving rules for supply chain measurement. It was used for the upstream supply chain performance monitoring in [START_REF] Li | Application of Grey-Based Rough Decision-Making Approach to Suppliers Selection[END_REF]. Regarding to (Bai and Sarkis 2014) rough set theory was used to evaluate sustainability performance for suppliers through the identification of the key performance indicators (KPIs) allowing this assessment. [START_REF] Lei | Rough Set and Analytic Hierarchy Process-Based Approach on Supplier Selection [J][END_REF] established a model to determine the combinatorial judgment matrix based on two judgment matrices: objective and subjective. In [START_REF] Geng | A Hybrid Service Supplier Selection Approach Based on Variable Precision Rough Set and VIKOR for Developing Product Service System[END_REF], a mining algorithm has been developed using criterion weighting. The authors abovementioned used rough set theory to select the most desirable supplier among a pool of qualified suppliers
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with respect to multiple but conflicting supplier selection criteria. Moreover , the rough set theory is also used in SCM core functions such as inventories management, e.g, in [START_REF] Mehdizadeh | Integrating ABC Analysis and Rough Set Theory to Control the Inventories of Distributor in the Supply Chain of Auto Spare Parts[END_REF]) the use of rough set theory allows a reduction of bullwhip effects and resulted in optimal inventory management and a better service rate, the model developed establishes rules and correct uncertain information obtained by ABC analysis. As for [START_REF] Karimi | Service Supply Chain Risk Assessment Applying Rough Set Theory Approach: Case of Payment Service Providers[END_REF], they used the rough set theory for the supply chain risk assessment in services, and studied the case of Payment Service Providers.

Machine Learning

Machine Learning (ML) is a process that takes advantage of experience to learn without being obviously programmed and improve its performance. by referring to past information from electronic data collection.

The well-known types of ML are: 1. supervised: tasks are classification and regression, 2. unsupervised: tasks are Association Rules, Self-Organizing Maps, Multidimensional Scaling and Nonlinear Dimension Reduction, 3. reinforcement learning: the system finds its own solutions autonomously through directional rewards and punishments. Indeed, ML consists in predicting behaviour, so it is widely used to solve several supply chain issues, both in upstream and downstream phases. [START_REF] Wenzel | A Literature Review on Machine Learning in Supply Chain Management Supply Chain Management[END_REF] classified the links of the supply chain management, and, through the study of 38 papers, indicated the use of machine learning techniques in supply chain management, grouped as follows: [START_REF] Bousqaoui | Machine Learning Applications in Supply Chains[END_REF] cited some of ML algorithms, and showed that the most commonly used one is neural network, then the linear regression after the support vector machine, in planning, procurement, production, inventories, transportation and distribution, but are mainly employed in forecasting. So, the authors have closely studied in [START_REF] Bousqaoui | Machine Learning Applications in Supply Chains: Long Short-Term Memory for Demand Forecasting[END_REF] the ability of ML to generate more accurate forecasts than traditional methods thanks to a long short-term model. In the same context, [START_REF] Hoppe | Machine Learning in Supply Chain Management[END_REF] show that ML algorithms are largely applied in planning.

Expert system

An expert system is capable of answering questions, using reasoning based on known facts and rules. It can be used in particular as a decision support tool. In addition, an expert system can be more useful than a single, more sophisticated forecasting method to forecast demand at each stage of SC, in terms of forecast accuracy, calculation speed, user understanding. and profitability [START_REF] Min | Artificial Intelligence in Supply Chain Management: Theory and Applications[END_REF]. As demonstrated by its effective application to air traffic, airline yield management and vehicle maintenance [START_REF] Jefferies | Robotics and Cognitive Approaches to Spatial Mapping[END_REF], the application potential of the expert system is unlimited in the Supply Chain domain. As such, other interesting applications of the SC expert system include: supplier assessment, assessment and selection of third party logistics service 13 the International Conference on Modeling, Optimization and SIMulation -MOSIM'20 -November 12-14, 2020 Agadir -Morocco "New advances and challenges for sustainable and smart industries". providers (3PL), formulation of a logistics strategy; and production planning and control [START_REF] Min | Artificial Intelligence in Supply Chain Management: Theory and Applications[END_REF], demand management [START_REF] Tekez | Development of an Expert System for Demand Management Process[END_REF],supplier and subcontractor evaluation [START_REF] Shahvand | Developing Fuzzy Expert System for Supplier and Subcontractor Evaluation in Construction Industry[END_REF], development of a partner selection system (Sari 2018).

Genetic Algorithms

Genetic Algorithms (Gas) are aleatory research algorithms that imitates natural genetics. They aim to solve a high level of problem using a randomized information exchange [START_REF] Roetzel | Design and Operation of Heat Exchangers and Their Networks[END_REF] GAs have been applied successfully to a variety of challenging SC network design problems [START_REF] Min | Artificial Intelligence in Supply Chain Management: Theory and Applications[END_REF]). These problems include among others: the GA was employed to solve well-known logistics problems involving facility layout [START_REF] Balamurugan | Solving Unequal Area Facility Layout Problems Using Genetic Algorithm[END_REF]; inventory control [START_REF] Haq | Two-Echelon Distribution-Inventory Supply Chain Model for the Bread Industry Using Genetic Algorithm[END_REF]; delivery reliability assurance [START_REF] Antony | Design of Synchronised Supply Chain: A Genetic Algorithm Based Six Sigma Constrained Approach[END_REF]; freight consolidation [START_REF] Min | A Genetic Algorithm Approach to Developing the Multi-Echelon Reverse Logistics Network for Product Returns[END_REF]; and express courier services [START_REF] Ko | Determination of Cutoff Time for Express Courier Services: A Genetic Algorithm Approach[END_REF]. For upstream supply chain process, the GAs were employed in purchasing for supplier selection (Venkata Rao 2007). In the other hand, [START_REF] Jauhar | Genetic Algorithms in Supply Chain Management: A Critical Analysis of the Literature[END_REF] studied 220 articles to identify the application of GAs in SC, the study reveals that GAs algorithms are mainly applied in the manufacturing flow management and in order fulfilment, the following table summarises the results of the study. 

fuzzy logic

Fuzzy logic can be useful for developing a set of rules for SC decision environments where subjective performance criteria have to be employed. Earlier approaches dealt with only a small number of fuzzy parameters but more recent studies have suggested models with larger instances with more parameters [START_REF] Baryannis | Supply Chain Risk Management and Artificial Intelligence: State of 13 the International Conference on Modeling, Optimization and SIMulation -MOSIM'20 -November 12-14, 2020 Agadir -Morocco "New advances and challenges for sustainable and smart industries[END_REF]. We found specific applications to supply chain performance and resilience of the fuzzy logic concerning inventory cost control [START_REF] Wang | Fuzzy Decision Modeling for Supply Chain Management[END_REF], order fulfilment [START_REF] Amer | Optimizing Order Fulfillment Using Design for Six Sigma and Fuzzy Logic[END_REF]) and measurement of the bullwhip effect [START_REF] Balan | Reducing the Bullwhip Effect in a Supply Chain with Fuzzy Logic Approach[END_REF]. One can find Specific applications to agro-industry SC planning in (Yandra et al. 2007). For upstream SC, supplier performance evaluation and selection, relevant application were found in [START_REF] Carrera | Supply Chain Management: A Modular Fuzzy Inference System Approach in Supplier Selection for New Product Development[END_REF][START_REF] Lau | Methodology for Monitoring Supply Chain Performance: A Fuzzy Logic Approach[END_REF][START_REF] Min | Artificial Intelligence in Supply Chain Management: Theory and Applications[END_REF]). More focused contributions on SC resilience could be found in [START_REF] Micheli | How to Choose Mitigation Measures for Supply Chain Risks[END_REF] and [START_REF] Tang | A Conceptual Fuzzy-Genetic Algorithm Framework for Assessing the Potential Risks in Supply Chain Management[END_REF]. In the former the authors elaborated a decision support framework that implicates the SC actors in the SC Relationship Management process. Their framework identifies the risks, the mitigation actions, the definition of probabilities and impact of the risks. In the latter, we found a fuzzy programming study focussing on risk assessment rather than risk mitigation.
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Agent-based systems

Agent-based system is a system made up of a set of agents (a process, a robot, a human being, etc.), located in a certain environment and interacting according to certain relationships. An agent is an entity characterized by the fact that it is, at least partially, autonomous. Agent-based system has often been employed to handle various SC issues including shop floor control, logistics planning, air traffic control, customer relationship management (CRM), bidding evaluation, material handling, e-logistics and new product development [START_REF] Min | Artificial Intelligence in Supply Chain Management: Theory and Applications[END_REF]. In terms of SC performance monitoring and optimization, we found relevant valuable application to solve the problem of demand fluctuation in [START_REF] Du | RFID and Multi-Agent Based Architecture for Information Sharing in Prefabricated Component Supply Chain[END_REF], for joint production planning in (Lima, Sousa, and Martins 2006), for order monitoring [START_REF] Chen | Multi-Agent-Oriented Approach to Supply Chain Planning and Scheduling in Make-to-Order Manufacturing[END_REF] and for outsourcing relationship management. Agent-based systems have also been used as simulation tools for inventory management to reduce costs and improve fill rate in [START_REF] Chan | A Simulation Study with Quantity Flexibility in a Supply Chain Subjected to Uncertainties[END_REF], and to study interaction between inventory models in [START_REF] Ponte | Exploring the Interaction of Inventory Policies across the Supply Chain: An Agent-Based Approach[END_REF]). Contributions dealing with factors impacting SC resilience, even indirectly, are found in [START_REF] Ghiassi | Defining the Internet-Based Supply Chain System for Mass Customized Markets[END_REF] concerning SC relationship management and in [START_REF] Giannakis | A Multi-Agent Based System with Big Data Processing for Enhanced Supply Chain Agility[END_REF] in terms of SC agility improvement through autonomous corrective actions. The coordination in supply chain, a paramount factor in its resilience versus the bullwhip effect was widely studied. One can find several thoughts about SC performance improvement, lead time reduction, and bullwhip effect reducing in [START_REF] Alzoubi | The Role of Intelligent Information System in E-Supply Chain Management Performance[END_REF]. The bullwhip effect mitigation and cost reduction in a multistage supply chain was studied in [START_REF] Zarandi | A Fuzzy Agent-Based Model for Reduction of Bullwhip Effect in Supply Chain Systems[END_REF] and collaboration issues under supply and demand uncertainty were analysed in [START_REF] Kwon | MACE-SCM: A Multi-Agent and Case-Based Reasoning Collaboration Mechanism for Supply Chain Management under Supply and Demand Uncertainties[END_REF] to resolve collaboration issues among supply chain entities that arise due to uncertain supply and demand and to reduce costs and the bullwhip effect . As for [START_REF] Hsu | An Agent-Based Fuzzy Constraint-Directed Negotiation Model for Solving Supply Chain Planning and Scheduling Problems[END_REF] , an Agentbased model is proposed to solve SC planning and scheduling problems. Collaboration across supply chain and between SC actors is also widely studied as it contributes in SC resilience and strength versus the competitors. We cite among others: [START_REF] Kwon | MACE-SCM: A Multi-Agent and Case-Based Reasoning Collaboration Mechanism for Supply Chain Management under Supply and Demand Uncertainties[END_REF]) for collaboration under uncertainty; [START_REF] Pan | An Agent-Based Negotiation Model on Price and Delivery Date in a Fashion Supply Chain[END_REF] concerning price and delivery date negotiation among SC partners; [START_REF] Singh | Agents in E-Supply Chains[END_REF] for information tracking across the SC and e-supply chains. Closer to SC resilience, [START_REF] Bansal | An Online Decision Support Framework for Managing Abnormal Supply Chain Events[END_REF]) suggested an agent-based approach monitoring key performance indicators for disruptions identification and for mitigation actions evaluation.

CONCLUSION AND PERSPECTIVES

This review examined the existing literature on the application of artificial intelligence in the Supply Chain, particularly in planning, forecasting and risk analysis with the objective of its resilience and performance. In conclusion, according to the above, agent technology is far more applied than mathematical optimisation due to its ability to capture negotiation and coordination between different parties with less effort. However, the majority of papers propose a hybrid approach for an agile, flexible and efficient Supply Chain, where a genetic algorithm is used to solve a stochastic model at several stages of the problem, but the ability of the individuals in each iteration is calculated using an agentbased simulation. [START_REF] Baryannis | Supply Chain Risk Management and Artificial Intelligence: State of 13 the International Conference on Modeling, Optimization and SIMulation -MOSIM'20 -November 12-14, 2020 Agadir -Morocco "New advances and challenges for sustainable and smart industries[END_REF].

Table 2 .

 2 GAs applications in SC

	Process	Sub-	Application / Results
		function	
			Determine lot-size
			scheduling issues
			Elaborate multiproduct
			economic production
		Inventory	quantity model, including
		management	various constraints
			Inventory optimization
			Calculate economic order
	Manufacturing flow management (MFM)	Planning	quantity Solve inventory issues Develop optimum resolution Optimal process planning, decreasing delays Solve job-shop scheduling problems Include more constraints to solve scheduling problems Solve capacitated lot-size problems Optimize customer orders Solve distribution scheduling problems
			Solve machine assignment
			problems
			Optimize the process
			planning in Enterprise
			resource planning (ERP)
			Joint optimization of
			production planning and
			supplier selection taking

This article is therefore a preamble to a more in-depth review of Artificial Intelligence techniques, with a comparison of applications in terms of software, Information System and field applications.