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Reconfigurable manufacturing systems (RMSs) are designed to manufacture a specific product, incorporating the scalability to other products in the same family. This ability is based primarily on the reconfiguration capabilities offered by reconfigurable machines tools (RMTs). This paper addresses one of the most important aspects related to the reactivity of RMSs. More specifically, it considers the relations, which link the conceived system with two important environments: its logical environment, i.e., the product family (products that share similarities) in which the RMS can evolve, and its physical environment, i.e., the physical workshop that implements this RMS. We study the machine layout problem by considering the product family evolution where two sub-problems are addressed. The first sub-problem concerns the evolution of the product, in the same family, towards new products to meet the evolutions and the requirements of the customers. The second sub-problem deals with the machine layout problem based on the results of the first sub-problem. For this, our two-phase based approach combines the wellknown metaheuristic, archived multi-objective simulated annealing (AMOSA), with an exhaustive search based heuristic to determine the best machine layout for all the selected machines of the product family.

The developed approach is based on the initially generated process plans of products (in the product family) for the RMS design under performance metrics. Moreover, the proposed layout must at its best, respects both the constraints imposed by the generated process plans and those depicting the available location in the shop floor where machines can be placed. An illustrative numerical example is proposed to demonstrate the applicability of our approach.

tion practices and philosophies. In fact, future productions in increasingly complex environments, customized, flexible and high-quality production look promising. So, to meet these requirements, companies need not only well-designed products, but also well-designed production systems. Moreover, the modern manufacturing environment is facing a paradigm shift that requires more changeability at both physical and logical levels. In this context, manufacturing systems must integrate this changeability. One of the major enablers of changeability is reconfigurability. From the perspective of industry 4.0, reconfigurability is essential to effectively adapt to the ever-increasing complexity of manufacturing environments. It allows rapid, efficient and easy adaptation of these systems while being proactive, timely and economically feasible. The objective is to respond to new internal and external constraints in terms of globalization, variety of products, mass customization, shorter lead times… The reconfigurable manufacturing system (RMS) is a recent manufacturing paradigm driven by the high levels of responsiveness and efficiency [START_REF] Koren | Design of reconfigurable manufacturing systems[END_REF]. The high responsiveness and performance efficiencies make it a convenient manufacturing paradigm and flexible enabler of mass customization to face the complexity of manufacturing environments. This is possible, thanks to reconfigurable machine tool (RMT) which gives the RMS its customized flexibility and variety of alternatives. Moreover, reconfigurability is a non-functional requirement of the system, linked to its long-term behavior [START_REF] Andersen | Towards a generic design method for reconfigurable manufacturing systems: analysis and synthesis of current design methods and evaluation of supportive tools[END_REF]. This implies that conventional approaches that consider only the immediate requirements of the system will not necessarily lead to dynamically changeable systems. Thus, it is necessary to design systems with a dynamic capacity for change and include the key factors of reconfigurability through adapting design approaches and/or developing new design methodologies. Hence, the goal is to design responsive systems based on reconfigurability features key. This research work addresses the reconfigurable manufacturing systems (RMSs) design problem. More specifically, it considers the RMS design problem on the machine level and their interactions, while considering the product family evolution (Koren et al., 2018a). This is done through studying the relation that links the conceived RMS to its two environments respectively logical (i.e., the product family in which this RMS can evolve) and physical (i.e., the physical workshop implementing this RMS) that are treated as two sub-problems.

Linked to the logical environment, the first sub-problem concerns the evolution of the product, in the same family, towards new products to meet the evolutions and the requirements of the customers. Three criteria are optimized respectively: (1) the minimization of the evolution effort of the system during the transition within the product family, (2) the maximization of the average use of the machines in order to reduce at best the imbalance of the loads and (3) the maximization of the presence of replacement machines in the production lines of the product family. While, linked to the physical environment, the sec-ond sub-problem is related to the machine layout. It is based on the results of the first sub-problem. Indeed, the physical structure of the workshop must be able to guarantee the necessary flexibility to follow the evolutions of the RMS in an efficient and fast way.

For this, a two-phase based approach combing the well-known metaheuristic, archived multi-objective simulated annealing (AMOSA), with an exhaustive search based heuristic is developed in this paper. It aims to guarantee the best transition between the different products of the same family via the different manufacturing ranges (first sub-problem) by determining the best layout of the selected RMTs (second sub-problem). Moreover, to better guide the final RMTs that integrate our RMS design, we adapt the machine importance index proposed by Haddou Benderbal et al. (2018a), which integrate the product family evolution. This later quantifies the importance of selected machines within each process plan of the product family and helps to ensure a better responsiveness and a high performance of the designed system while considering the changes imposed by the product family.

The rest of the paper is organized as follows: Section 2 summarizes the literature review dedicated to the RMS design and the machine layout design problems. Section 3 discuses the problem under consideration and its mathematical formulation. Section 4 presents the developed two-phase based-AMOSA approach.

Section 5 shows an illustrative numerical example. Section 6 concludes the paper with some future research directions.

Literature review

Considered as one of the latest manufacturing paradigms, the RMS design, implementation, layout optimization, reconfigurable control, as well as process planning and production scheduling are belong the most active research topics in this field [START_REF] Bortolini | Reconfigurable manufacturing systems: Literature review and research trend[END_REF], Koren et al., 2018a[START_REF] Maganha | Understanding reconfigurability of manufacturing systems: An empirical analysis[END_REF][START_REF] Andersen | Reconfigurable manufacturing on multiple levels: literature review and research directions[END_REF][START_REF] Renzi | A review on artificial intelligence applications to the optimal design of dedicated and reconfigurable manufacturing systems[END_REF][START_REF] Rehman | Reconfigurations of manufacturing systems-an empirical study on concepts, research, and applications[END_REF][START_REF] Bi | Reconfigurable manufacturing systems: the state of the art[END_REF]. However, in this section, we will restrict and summarize the most recent research works dealing with respectively RMS design, RMS and process planning, RMS and product family, and RMS and layout.

RMS design

To design a RMS, two main steps are necessary (Koren et al., 2018a). From one hand, the first step concerns the process plans generation to determine the set of machines that integrate the RMS design. From another hand, the second step determines how this set of machines will be arranged/rearranged using candidate locations of the shop floor through layout design process. Koren et al. (2018a) formulated the design and operational principles for RMSs. According to these principles, they provided a state-of-the-art review of the design and operations methodologies of RMSs and discussed the role of intelligent manufacturing technologies in enhancing RMS performance, and how recent development of advanced diag-nostics and cyber physical manufacturing systems can facilitate the design and operations of RMS. Finally, they claimed that "future research should be conducted on the concurrent design of the productsystem-business strategies utilizing the RMS concept and principles, as well as for more effective methodologies for real-time RMS operations, for both machining and assembly systems". [START_REF] Koren | Design of reconfigurable manufacturing systems[END_REF] presented the core characteristics and design principles of RMSs, and described the structure recommended for practical RMS with RMS core characteristics. A rigorous mathematical method is introduced for designing a RMS with this recommended structure. [START_REF] Dou | Optimisation for multi-part flow-line configuration of reconfigurable manufacturing systems using GA[END_REF] developed a GA-based approach for optimizing multi-part flow-line (MPFL) configurations of RMS for a part family. The objective is to minimize the capital cost of MPFL configurations. Using a case study, they demonstrated the efficiency of the proposed GA-base approach comparing to a particle swarm optimization algorithm. [START_REF] Huang | Configuration selection for reconfigurable manufacturing systems by means of characteristic state space[END_REF] considered the problem of configuration selection in RMSs. They proposed a modified simulated annealing (SA) approach for managing the configuration selection and optimizing an economic objective function that includes the reconfiguration cost and the fixed cost in the given reconfiguration period. Furthermore, [START_REF] Saxena | A model and optimisation approach for reconfigurable manufacturing system configuration design[END_REF] developed a configuration design three-phase methodology for RMSs where the goal is to optimize an economic objective function including capital cost of machine investment, reconfiguration cost, operating cost, maintenance cost and residual marginal value over time. Phase 1 aims at RMS evolution scenario and the mathematical modelling.

Phase 2 evolves RMS configuration alternatives. Phase 3 aims at RMS configuration alternative optimization using mathematical model and artificial immune system. Bensmaine et al. (2013) addressed the problem of RMSs design based on products specifications and reconfigurable machines capabilities. The problem concerns the selection of candidate reconfigurable machines among an available set, which will be then used to carry out a certain product based on the product characteristics. The selection of the machines considers two main objectives respectively the minimization of the total cost (production cost, reconfiguration cost, tool changing cost and tool using cost) and the total completion time. An adapted version of the non-dominated sorting genetic algorithm (NSGA-II) is proposed to solve the problem. Wang and Koren (2013) discussed the scalability issues of incrementally changing production capacity of RMSs by adding or removing machines. They developed a new approach based on genetic algorithm for scalability planning that simultaneously changes the system configuration and rebalances the reconfigured system. In the same context, [START_REF] Koren | Value creation through design for scalability of reconfigurable manufacturing systems[END_REF] proposed a mathematical method maximizing the system throughput after reconfiguration and validated it using a real life case study. [START_REF] Battaïa | Decision support for design of reconfigurable rotary machining systems for family part production[END_REF] developed a decision support approach for the design of reconfigurable rotary machining systems with turrets used for producing several families of parts. They used a mixed integer program to model the complex design constraints such as compatibility and productivity requirements as well as design objectives. The model allows taking efficient decisions about part orientations, selection of machining modules and configuration/reconfiguration of working positions depending on the part families to be produced.

Recently, Koren et al. (2018b) compared typical configurations of large-volume manufacturing systems for mechanical products from cost, responsiveness and product quality perspectives. Comparing to traditional serial lines and pure parallel systems, they discussed two practical configurationsparallel serial lines, and RMSs. Haddou Benderbal et al. (2018ab) argued the necessity to integrate performance metrics at the outset of the design phase of RMS in order to enhance the performance of this later. Moreover, Gaddala and Xue (2018) addressed the problem of optimal configurations and reconfiguration processes for design of reconfigurable machine tools. A generic design AND-OR tree is used to model different design solution candidates, their machine configurations and parameters of these configurations. Where, a multi-level and multi-objective hybrid approach is developed to obtain the optimal design. To illustrate the approach, a case study is presented and the numerical results analysed.

RMS and process planning

When considering process plan generation in RMS, the state of the art is rich. [START_REF] Nallakumarasamy | Optimization of operation sequencing in CAPP using superhybrid genetic algorithms-simulated annealing technique[END_REF] defined the process plan as 'the activity that decides the sequence, which the manufacturing process must follow'. This activity defines the operations order required to complete a single unit of product. It assigns each operation to the appropriate machine under the adequate configuration. [START_REF] Elmaraghy | Reconfigurable process plans for responsive manufacturing systems[END_REF] claimed that "we need to associate the evolutions, reconfigurations and reconfigurable process plans to changes and evolutions of manufacturing systems and products". Moreover, [START_REF] Shabaka | Generation of machine configurations based on product features[END_REF] developed a new genetic algorithm based model to perform process plan manufacturing costs in RMS environment. The model simultaneously considers all process plan parameters such as machine assignment and machine configuration. Musharavati and Hamouda (2012ab) investigated the use of simulated-annealing-based algorithms in solving process planning problem for a RMS. They developed several variants of the simulated annealing algorithms respectively a variant of the basic simulated annealing algorithm, a variant of the simulated annealing algorithm coupled with auxiliary knowledge and a variant of the SA algorithm implemented in a quasi-parallel architecture. The obtained experimental results showed the superiority of the variants in comparison to a basic simulated annealing algorithm. [START_REF] Maniraj | Optimisation of process plans in re-configurable manufacturing systems using ant colony technique[END_REF] proposed a two-phase-based ant colony optimisation approach to solve the process plan generation problem of a single product flowline in a reconfigurable context. In the first phase, priority-based encoding technique is applied to find feasible operation clusters. Where, in the second phase, ant colony technique is used for minimising the total cost of the RMS. A case study is presented to demonstrate the applicability of the developed ap- More recently, Touzout and Benyoucef (2018a) tackled the sustainable process plan generation problem for a RMS, where the amount of greenhouse gases (GHG) emitted during the manufacturing process is minimized in addition to the total production cost and completion time. The authors developed an iterative multi-objective integer linear programming (I-MOILP) approach and compared with adapted versions of the archived multi-objective simulated-annealing approach (AMOSA) and the NSGA-II approach. They studded the influence of the probabilities of genetic operators on the convergence of the adapted NSGA-II and illustrated the applicability of the three approaches using numerical examples. Furthermore, inspired by (Touzout and Benyoucef, 2018a) and a microscopical study of the optimal Pareto front solutions generated by I-MOILP, [START_REF] Touzout | Sustainable multi-unit process plan generation in a reconfigurable manufacturing environment: A comparative study of three hybrid-meta-heuristics[END_REF] developed three hybridmetaheuristics using an adapted version of AMOSA with 2-opt heuristic to solve the multi-objective multi-unit process plan generation problem for a RMS.

RMS and product family

It is well know that, "the design of RMS revolves around product family which can provide all the variety within a product family and can be subsequently reconfigured to accommodate future products belonging to distinct product families" [START_REF] Ashraf | Product family formation for RMS -a review[END_REF]. Moreover, [START_REF] Bortolini | Reconfigurable manufacturing systems: Literature review and research trend[END_REF] stated that "in a typical RMS, products are grouped in families and each of them requires a different system configuration.

In this way, the system is configured to produce the first family and, once the production is finished, the system is reconfigured to produce the second family and so on", and 'product families are based on operational similarities among parts or on operation sequence similarity'.

Following their state of the art, [START_REF] Bortolini | Reconfigurable manufacturing systems: Literature review and research trend[END_REF] observed that few grouping methods are proposed and tested for RMSs, e.g. clustering techniques and MCDM methods as analytical hierarchical process (AHP) and analytical network process (ANP).

Since the effectiveness of a RMS depends on the formation of the best set of product families, [START_REF] Galan | A systematic approach for product families formation in reconfigurable manufacturing systems[END_REF] presented a methodology for grouping products into families taking into account modularity, commonality, compatibility, reusability, and product demand as the most requirements of products in RMSs. For each product requirement, a matrix that summarises the similarity between pairs of products is first computed. Then, through the use of the AHP, a unique matrix that comprises the similarity values between products is obtained. Then, in order to obtain a dendogram that shows the diverse sets of product families that may be formed, the average linkage-clustering algorithm is applied to this matrix. Moreover, to cope with variations in capacity and functionality during product family formation, [START_REF] Pattanaik | Product family formation for reconfigurable manufacturing using a bi-criterion evolutionary algorithm[END_REF] proposed a bi-criterion evolutionary genetic algorithm to identify the Pareto optimal solutions representing the product families for the RMS. [START_REF] Goyal | A comprehensive approach to operation sequence similarity based part family formation in the reconfigurable manufacturing system[END_REF] proposed a novel operation sequence based bypassing moves and idle machines (BMIM) similarity coefficient to deal with the problem of part family formation in RMS. The operation sequence similarity based approach evaluates the differences among parts by measuring the number of idle machines and bypass movements considering fix operation sequences for the products. In the same context, [START_REF] Wang | Formation of part family for reconfigurable manufacturing systems considering bypassing moves and idle machines[END_REF] presented a similarity coefficient approach for the formation of RMSs part family, which considers bypassing moves and idle machines. The approach considers both bypassing movements and idle machines with the goal of minimising idle machines and improving the smoothness of the part movements. [START_REF] Kashkoush | Product Family Formation for Reconfigurable Assembly Systems[END_REF] developed the first product family formation method that particularly addresses reconfigurable assembly systems (RASs). They used respectively product assembly sequences, product demand and commonality, as similarity coefficients. Then, hierarchical clustering is applied to generate various groups of product families that may be formed based on each similarity coefficient. Finally, they applied a novel consensus tree-based method to find the best aggregation for the three different hierarchical clustering trees.

RMS and layout

It is well known that machine layout influences the entire manufacturing system in terms of productivity and responsiveness. Thus, the machine layout problem is regarded as a facility layout problem (FLP) by several authors [START_REF] Altuntas | Facility layout using weighted association rule-based data mining algorithms: Evaluation with simulation[END_REF]. [START_REF] Singh | A review of different approaches to the facility layout problems[END_REF] and [START_REF] Drira | Facility layout problems: A survey[END_REF] analyzed the existing literature dedicated to FLP through larger and non-restricted approaches. For conventional manu-facturing systems like flexible manufacturing systems (FMS), the literature identified five different configurations of machine layout-open field layout, loop layout, single row layout (known also as spin layout), multi-row layout (known also as ladder layout) and robot centered layout (Yang et al., 2005[START_REF] Drira | Facility layout problems: A survey[END_REF]. Moreover, based on the chosen material handling system and possible flows allowed for products, many configurations could be determined for machine layout [START_REF] Devise | Indicators for measuring performances of morphology and material handling systems in flexible manufacturing systems[END_REF]. [START_REF] Heragu | Design and analysis of reconfigurable layout systems[END_REF] presented a framework that determines the layout of manufacturing systems that are defined by recurrent product volumes and mix change. In the same context and to handle the next generation factory layouts design, Benjafaar et al. (2002) argued that there are two major approaches. First, by considering various manufacturing periods through the development of more robust layouts. Second, by developing flexible layouts. The authors stated that the reconfiguration of these layouts must be ensured by minimal effort in order to fulfill the frequent production requirement changes. [START_REF] Sharma | Design and evaluation of layout alternatives to enhance the performance of industry[END_REF] handled the layout design problem using a procedural approach based on an altered version of the traditional systematic layout planning (SLP).

Even though the layout is considered as one of the main steps in RMS design, [START_REF] Bortolini | Reconfigurable manufacturing systems: Literature review and research trend[END_REF] claimed that "despite the first definition of RMS appears in 1999, the literature review shows that the investigation of a possible relationship between RMS and layout is fairly recent". In fact, we find a dearth of research works when it comes to the integration of layout problems with the design of RMS. [START_REF] Guan | A revised electromagnetism-like mechanism for layout design of reconfigurable manufacturing system[END_REF] developed a revised electromagnetism-like mechanism (REM) approach using automated guided vehicle (AGVs) as transportation systems for the layout design of RMSs. Where, the total material handling costs is the unique criterion to minimize. The obtained numerical results showed that the proposed REM is able to get optimal solutions for small-scale problems and near optimal solutions within limited computation time for large-scale problems.

To overcome the main limits existing in the literature as the consideration of a single objective in the definition of models addressing the layout design problem, [START_REF] Goyal | Design of reconfigurable flow lines using MOPSO and maximum deviation theory[END_REF] studied the design of reconfigurable flow lines (RFL) problem. They proposed a multi-objective optimization approach, where the cost, machine utilization, operational capability, and configuration convertibility are the conflicting objectives. An adapted version of the well-known multiple-objective particle swarm optimization (MOPSO) is implemented to handle the discrete and discontinuous solution search space. However, they didn't consider the layout design problem properly. [START_REF] Azevedo | A dynamic multi-objective approach for the reconfigurable multi-facility layout problem[END_REF] developed a multi-objective approach addressing the reconfigurable multi-facility layout problem. Three objectives are optimized respectively, the minimization of material handling costs, the maximization of the adjacency among departments and the minimization of the unsuitability of the department position and location (ie. departments inside facilities).

Recently, Haddou Benderbal et al. (2017b) proposed a metric to quantify the layout evolution effort considering product family in order to ensure the RMS high performance. An adapted version of AMOSA is proposed to solve the problem. Furthermore, Haddou Benderbal et al. (2018a) developed an exhaustive search based approach to resolve the machine layout problem while integrating the RMS design. This later didn't consider the influence of the product family on the machine layout.

To the best of our knowledge and from our literature review, little works have considered the machine layout problem for RMS design while considering the product evolution within the same family. In this research work, as a natural extension of the works presented in Haddou Benderbal et al. (2017b and2018a), we try to tackle this complex problem.

Problem description and formulation

Problem description

Machine layout problem takes another dimension when it comes to RMS. In fact, in addition to the basic constraints related to the classical layout problem, it is necessary to integrate the characteristics related to RMS, and particularly those related to its reconfigurability. Moreover, the consideration of all these constraints and characteristics from the outset of the design phase of the workshop will ensure a better responsiveness and a very good level of performance (ability to reconfigure, flexibility, ...) of the designed RMS. This paper aims to develop a decision support approach to ensure the best transition between process plans of several products in the same product family, while maintaining the performance of each process plan.

From one hand, in order to increase the responsiveness of the system that faces frequent characteristic evolution of the product to be manufactured, it is necessary to design a RMS that offers capabilities to increase the number of alternative solutions within the generated process plans. Thus, our first challenge addresses the reaction to products changes. We propose an approach to facilitate existing resources sharing (selected RMTs) when integrating a new product from the product family. The aim is to foster the use of the same selected RMTs in process plans of different products of the same family. However, it is necessary to note that, the resource sharing is anticipated from the outset of RMS design (i.e., when selecting machines to manufacture the first product in the product family).

Our second challenge is to consider the best layout for these machines on the shop floor. Thus, this second challenge considers how selected machines-for each product in the product familyare going to be positioned and arranged on the shop floor. This positioning must maintain at its best, the high performance of the designed RMS as treated in the first challenge. Moreover, knowing that there is diverse layout configuration, the challenge is also to respect as best as possible the constraints imposed by the chosen layout configuration.

These two challenges are represented by two linked sub-problems. The first sub-problem deals with the logical environment linked to the designed RMS that treats the transition effort evolution between products from the same family. Whilst the second sub-problem covers the physical environment linked to the designed RMS and treats the machine layout problem.

Tackling the above two sub-problems will help us first minimizing the transition effort needed (the first sub-problem) when moving from one product to another within the same family while maintaining performances provided by the given process plans. It will also help reducing the number of constraints imposed by the selected machines as well as the shop floor on which they will be positioned (the second sub-problem). This is done by proposing a genuine tool to support decision-making for resources management (e.g., machine selection) to ensure the best transition between layouts of the selected machines involved in the RMS design for a product family.

Our literature review shows also the existence of various machine layout configurations for the shop floor. Thus, to make our model generic, we enable it to cover numerous types and possibilities for these layout configurations as detailed in sub-section 3.2.2.

Problem formulation

For a better understanding of the problem, Table 1 presents the used notations. 

𝐌𝐢𝐧𝐀𝐃[𝐌 𝐣𝟏𝐨𝟏 ][𝐌 𝐣𝟐𝐨𝟐 ]

Minimum accepted distance between the occurrence o1 of the machine M j 1 and the occurrence o2 of the machine M j 2 (if j1 = j2 then o1 ≠ o2)

𝐌𝐚𝐱𝐀𝐃[𝐌 𝐣𝟏𝐨𝟏 ][𝐌 𝐣𝟐𝐨𝟐 ]

Maximum accepted distance between the occurrence o1 of the machine j1 and the occurrence o2 of the machine j2 (if j1 = j2 then o1 ≠ o2)

𝐏[𝐌 𝐣𝐨 ] Position of occurrence o of the machine M j

In this research work, the following assumptions are assumed:

Assumption 1: The set of machines involved in the RMS design is already selected. Thus, the initial optimal process plans of the different products, from the same family, are already generated based on performance metrics as proposed by Haddou Benderbal et al. (2017a[START_REF] Haddou Benderbal | Modularity assessment in reconfigurable manufacturing system (RMS) design: an Archived Multi-Objective Simulated Annealing-based approach[END_REF]. Table 2 represents the used process plan structure. Assumption 2: For each product to be manufactured from the product family, a single unit of a product is considered.

Assumption 3: Each unit from the product family is assigned to its optimal process plan. Thus, the best set of selected machines to design the RMS and their respective occurrences are known.

Assumption 4:

The set of machines used to generate the process plans is also known and it is used for solving the first sub-problem (i.e. layout evolution effort). In order to tackle the above two challenges, our problem is treated in two steps (sub-sections 3.2.1 and 3.2.2). Moreover, it represents a natural extension of to the works presented in Haddou Benderbal et al.

(2017a and 2018).

More specifically, our problem is to determine the best layout of RMTs, while minimizing the penalties related to the non-satisfaction of machine-location association constraints in the system. The nonsatisfaction of these constraints may occur due to the conflict between different machines requirements.

These penalties are based on the importance of each machine regarding the process plan as well as the product family.

First-sub problem

The formulation for the first sub-problem of our paperi.e. logical environment that treats the transition effort evolution between products of the same product family-is adapted from Haddou Benderbal et al. (2017a). Thus, this sub-problem is based on the following concepts:

 Inclusion concept (i.e., inclusion of functionalities between machines). As depicted in Figure 1, It consists in choosing machines with richer functionalities compared to the needs of the initial product, thus offering the necessary functionalities to manufacture the initial product, but also other additional functionalities that can facilitate the evolution (the transition) towards other products from the same family. Therefore, the question that arises is to assess the relevance of replacing one machine (Mi) with another (Mj) that includes it functionalities in all relevant process plans. It is a matter of finding the compromise between, on the one hand the need to minimize the effort of evolution between the products and on the other hand, the risks incurred related to the balance of the loads and the presence of alternative machines.

 Preserving the system's capacities in terms of: (i) the balance of loads and (ii) the presence of alternative machines. This is to take into consideration the risks involved with the inclusion concept of additional features.

 Diversity of machines: It consists of selecting machines with partially similar capabilities in order to reduce exclusivity in the operations-machine relationships. This will reduce the risk of load imbalance and the risk of missing replacement machines.

Consequently, based on these concepts, our first sub-problem can be formulated as follows: (is guided by three criteria to optimize respectively:

1. The maximization of the average use of machines to reach equilibrium if possible, depicted by the average machine usage per product (AMUP) criterion as follows:

𝑀𝑈𝐹 𝑝 (𝑀 𝑗 ) = ( 𝑁𝑂 𝑝 (𝑀 𝑗 ) 𝑂𝑃𝑇𝑁 𝑝 ) × ∑ (𝛼 𝑗 (𝑂𝑃 𝑢 𝑝 ) × 𝑀 𝑗 (𝑂𝑃 𝑢 𝑝 ))

𝑂𝑃𝑇𝑁 𝑝 𝑢=0

(1)

𝑀𝑎𝑥 { 𝐴𝑀𝑈𝑃 = ( 1 𝑁𝑃 × 𝑁𝑀𝑓 ) ∑ ∑ 𝑀𝑈𝐹 𝑝 (𝑀 𝑗 ) 𝑁𝑃 𝑝=0 𝑁𝑀𝑓 𝑗=1 } (2) 
where: 𝑀 𝑗 (𝑂𝑃 𝑢 𝑝 ) = 1 if the machine Mj can accomplish operation u of product Pp, 0 otherwise. 𝛼 = 1 if the machine Mj is selected to perform operation u of product Pp, 0 otherwise.

2. The maximization of the presence of replacement machines in the production lines of the product family formulated as follows. where:

𝑀𝑎𝑥 {𝑀𝑅𝑃 = 1 𝑁𝑃 ∑ ( 1 𝑂𝑃𝑇𝑁 𝑝 ×𝑁𝑆𝑀 𝑝 ∑ ∑ ( 𝑀 𝑗 (𝑂𝑃 𝑢 𝑝 ) × 𝑁𝑂 𝑝 (𝑀 𝑗 ) ) 𝑁𝑆𝑀 𝑝 𝑗=0 𝑂𝑃𝑇𝑁 𝑝 𝑢=0 ) 𝑁𝑃 𝑝=0 } ( 
β(j, k) = { 1, if machines 𝑀𝑗 𝑎𝑛𝑑 M𝑘 ℎ𝑎𝑣𝑒 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑏𝑎𝑠𝑖𝑐 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 𝑘, 𝑗 ∈ 1. . 𝑁𝑃𝑀
In a second time, we determine the average similarity between machines, which are selected to realize a given product from the product family, thus:

𝑃𝑆𝑖𝑚𝑀 𝑝 = 1 𝑁𝑆𝑀 𝑝 ∑ ∑ 𝑆𝑖𝑚𝑀[𝑀 𝑗 ][𝑀 𝑘 ] 𝑁𝑆𝑀 𝑝 𝑘=𝑗+1 𝑁𝑆𝑀 𝑝 -1 𝑗=1 (5) 
 Selected machine type difference (SMDifp): It concerns the difference between the selected machines types for each product. Here, it is necessary to determine the types of machines used for each product (SMT), the number of deleted machines (RM), and the number of machines that are added (AM), when changing from one product to another.

𝑅𝑀 = ∑ 𝑀𝑎𝑥(𝑃𝑀 𝑝 [𝑀 𝑗 ] -𝑃𝑀 𝑝 ′ [𝑀 𝑗 ], 0) 𝑁𝑀 𝑗=0 (6) 
𝐴𝑀 = ∑|𝑀𝑖𝑛(𝑃𝑀 𝑝 [𝑀 𝑗 ] -𝑃𝑀 𝑝′ [𝑀 𝑗 ], 0)| 𝑁𝑀 𝑗=0 (7) 
The quantification of used type is calculated when moving between products of the same family as follows:

𝑆𝑀𝑇 = ∑ 𝑀𝑎𝑥(𝑃𝑀 𝑝 [𝑀 𝑗 ], 𝑃𝑀 𝑝 ′ [𝑀 𝑗 ]) 𝑁𝑀 𝑗=0 (8) 
where:

𝑃𝑀 𝑝 (𝑀 𝑗 ) = { 1, 𝑖𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑃𝑝 𝑖𝑠 𝑟𝑒𝑎𝑙𝑖𝑧𝑒𝑑 𝑏𝑦 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑀 𝑗 0, otherwise Using these three aspects namely SMT, AM and AR, we can formulate the difference between the selected machines types for each product as follows:

𝑆𝑀𝐷𝑖𝑓 𝑝 = 𝐴𝑀+𝑅𝑀 𝑆𝑀𝑇 (9) 
Based on these two aspects namely 'machine similarities' and 'selected machine type difference', the LEE is determined as follows:

𝑀𝑖𝑛 {𝐿𝐸𝐸 = 1 𝑁𝑃 ∑ ( 𝑆𝑀𝐷𝑖𝑓 𝑝 𝑃𝑆𝑖𝑚𝑀 𝑝 ) 𝑁𝑃 𝑝=1 } (10) 

Second-sub problem

On the other hand, for our second sub-problem-i.e. physical environment that treats the machine layout problembased on the numerous layout configurations of machines present in the literature, the generic model proposed in (Haddou Benderbal et al., 2018a) and depicted in Figure 2 is used. This later allows the representation of machine layouts configurations in the form of a matrix called localization matrix (LoC). LoC makes it possible to represent a layout configuration by specifying the distances between machines in the workshop according to the capacities and constraints of the system (ex. the constraints of size) as well as the available positions. This assumption makes our model more generic to include all the possible layout configurations. Note that, the distances between the positions (machines) rely on the transfer capacities between the machines and ensured by the chosen material handling system. They are provided by the decision maker and considered as input for our model. In Figure 2, L1, ..., L8 are the previously known candidate locations. They are intended to accommodate the selected machines to be part of the designed RMS, where the number of slots in the array corresponds to the total number of occurrences of the selected machines for the product family.

We expect to determine the best machines layout based on the following information:

(i) the characteristics and needs of the products to be considered from the product family, (ii) the process plans to adopt to manufacture these products, and

(iii) the selected RMTs and the number of their respective occurrences, to be included in the new designed RMS.

For our case, a RMS is composed of several RMTs, having the capacity to manufacture several products of the same family. Each RMT has one or more instances to integrate into the workshop according to the needs and requirements of the process plan of each product. Note that, we consider a single unit of each product of the product family assigned to its optimal process plan to accomplish this product. Thus, the machines included in the design and their occurrences are known. Moreover, a machine can be used several times in any process plan and this number of uses may exceed the number of available occurrences for this machine (i.e. each machine can have multiple occurrences and appear several times in the process plan). Based on these inputs, it is possible to generate an initial layout using the given process plans of products from the product family.

Fig. 2 Representation of layout configurations

The initial layout is generated according to the order of appearance of the machines in the adopted process plans as well as to the importance of these machines to the whole product family. For example, if a machine M j is used directly after a machine M j′ , then the chosen layout must offer the possibility of a connection between the two machines. Hence, based on this initial layout as well as the constraints imposed by the adopted process plans, we define two new matrices respectively, maximum and minimum accepted distances (MaxAD, MinAD) between different machines and their occurrences as well. This set of information helps us to define the importance of each machine regarding the adopted process plans of all products from the product family.

The machine importance indicator MI(M j ) provides an insight over the dependency of different process plans of the product family regarding the selected machines. This later is adapted from the work of (Haddou Benderbal et al., 2018a) and formulated for all the given process plans of the product family as follows:

𝑀𝐼(𝑀 𝑗 ) = ∑ 𝑀𝐼 𝑝 (𝑀 𝑗 )/𝑁𝑆𝑀 𝑝 𝑁𝑃 𝑝=1 (11) 
where:

𝑀𝐼 𝑃 (𝑀 𝑗 ) = ∑ 𝑀𝑂𝐼 𝑝 (𝑀 𝑗𝑘 ) 

𝐶𝑃 𝑃 (Mjo): the number of occurrences of machine Mj in the adopted process plan of the product Pp.

𝑀𝑅 𝑃 [𝑀 𝑗𝑜 ][𝑀 𝑗𝑘 ] : the relation between all the occurrences of the machines used in the process plan of product Pp given by:

𝑀𝑅 𝑃 [𝑀 𝑗𝑜 ][𝑀 𝑗 ′ 𝑘 ] = {
1 if the occurrence o of the machine Mj is followed by the occurrence k of the machine Mj' 0 otherwise

The importance index (Eq. 11) will help us later to determine the penalty that may occur if machine requirement in terms of position are not satisfied.

Once the machine importance metric is determined, for each occurrence of each machine for the whole products, it is possible to obtain an initial layout by the available inputs of our model. The initial assignment of machines to the available locations in the layout configuration is based on the sequence of these machines in the generated process plans as well as their importance indexes.

Using this initial layout, the required distance to respect between different selected machines for the whole needed products rom the product family is determined. Based on this generated initial layout and also the constraints imposed by the adopted process plans resulting from solving the first sub-problem, we where:

 PI: index of the occurrence retained by the initial layout in the process plan

 𝑘 ∈ 1. . 𝑂𝑃𝑇𝑁
To compute MinAD 𝑃 and MaxAD 𝑃 , the distances between two given machines within the process plan of product P, we consider all their respective occurrences in the process plan of the product P as follows:

𝑀𝑖𝑛𝐴𝐷 

Based on this importance indicator, the penalty function which measures the level of satisfaction of the constraints of the different process plans by the generated layout of the RMTs can be computed. It quantifies to 'what extent the locations chosen for the occurrences of the different machines respect the maximum and minimum distances?', while considering the importance of each one. Therefore, our problem is to minimize the penalty generated due to non-satisfaction of the constraints expressed by (Eq. 18):

𝑀𝑖𝑛 { 𝑃𝑒𝑛𝑎𝑙𝑖𝑡é = ∑ ∑ 𝑋 𝑗𝑘 × 𝑀𝐼(𝑀 𝑗 ) 𝑁𝑆𝑀 𝑘=1 𝑁𝑆𝑀 𝑗=1 } (18) 
where:

𝑋 𝑗𝑘 = { 1, 𝑖𝑓 𝑀𝑖𝑛𝐴𝐷[𝑀 𝑗𝑜 ][𝑀 𝑗′𝑘 ] ≤ 𝐿𝑜𝐶[𝑃(𝑀 𝑗𝑜 )][𝑃(𝑀 𝑗′𝑘 )] ≤ 𝑀𝑎𝑥𝐴𝐷[𝑀 𝑗𝑜 ][𝑀 𝑗′𝑘 ] 0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 4 

Proposed approach

Hybrid algorithms are known to be very good search tools and displayed very satisfying results [START_REF] Talbi | Metaheuristics: from design to implementation[END_REF]. They are often used to solve conventional and real-world optimization problems. In this context, a two-phase based approach which combine the well know metaheuristic AMOSA and an exhaustivesearch based heuristic is proposed. In the first phase, from the multi-objective nature of our first subproblem, an adapted version of AMOSA is used (see Figure 3). The obtained results are considered, in the second phase, as inputs for the exhaustive-search based heuristic to solve the second sub-problem (i.e., machine layout problem of the selected machines in our product family). 

Illustrative example and discussion

In this section, digital experiments and analyzes are developed to show the applicability of our approach.

A simple example of 3 products namely P1, P2 and P3 from the same family requiring respectively 8, 8

and 7 different operations is used. Table 2, Table 3 and Table 4 detail respectively the adopted process plan of product P1, P2 and P3. The total number of different operations required for all the three products is TFOP = 13. AMOSA perturbation phase is based on this matrix (i.e., AMOSA is used in the first phase). This first step is simple. In fact, based on the inclusion concept, we observe for the machines in our solution set, if there is a common machine which include their capabilities i.e. can these machines be replaced in terms of fulfilling the requirements of the tasks (originally assigned to the machine to be replaced).

Table 5. Machine inclusion matrix Table 5 explores from left to right row by row as follows: 1 in a cell ij indicates that machine Mi is included in the machine of column Mj. e.g. cell 2-5 => the capacities of machine M2 are included in M5, this means that M5 can realize all the requested operations that M2 can do.

Table 6 presents a randomly generated configuration layout. We note that, the number of available candidate locations in the shop floor is greater than or equal to the total number of all occurrences of selected machines in the process plan. It represents the maximum number of all occurrences in a process plan of the product family. For the sake of simplicity, our example considers 7 candidate machines positions for process plan of P1. The results of the first phase as well as the evaluation of this solution are shown respectively in Table 9 and Table 10. We can see that, it succeeds to reduce the evolution effort by using the inclusion concept and replacing original machines while slightly increasing the presence of alternative machines as well as the average use of machines among all operations of the product family. To help the reader understating the explanation of the second phase, we will limit our discussion to just one process plan (for product P1) and see the impact when using the transition effort (first phase) and without the use of this latter. The second phase begins by generating the initial layout as depicted in Table 11. This initial layout is based on the importance indicator of each machine as well as the process plans of products from the product family. In Table 11, the notation M1_1 and M1_2 means respectively, occurrence 1 of machine M1 and occurrence 2 of machine M1. 13 represent respectively the generated MinAD and MaxAD matrices for the different selected machines (for product P1) without using the first step. These two tables are used to determine the penalty of the generated layout and to which extent it respect the constraints imposed by these two tables.

Table 14 depicts the results of machine layout for the process plan of product P1 without using the results from the first phase of our approach. The model tests all possible layouts. Hence, in this table, only the best and worst solutions according to penalty (from 100 first results) are shown. We can see that the smallest change can lead to a significant change in the incurred penalty.

Observation 2. this leads to the reduction of the number of constraints imposed by the process plans and gives more freedom to place the machines on the shop floor.

Observation 3: this relaxation has made the placement of machines easier.

Consequently, as depicted in Table 15, eliminating the penalty for this specific example as best. Nevertheless, the relaxation comes with a considerable dependency of process plans on small set of machines, even with the consideration of replacement machines amongst each other. One of the limitations of our approach is mainly related to computational time when considering more than 12 machines due to the exhaustive search method. Furthermore, one of the natural extensions of our current work is to consider these two problems to enhance the results of our approach. 

Conclusion and future work directions

Nowadays, it is well known that RMS is one of the most promising and attractive research topics. This paper studied the relationships that link the RMS to its both logical and physical environments. From one hand, by considering the evolution of a product within the same product family for which the RMS is designed. And, by considering the machine layout problem in RMS. Moreover, due to the lack of research works dealing with the machine layout problem for RMS, we developed a new hybrid approach combining an adapted version of the well-known AMOS and an exhaustive search-based heuristic. This study is based on the premise that a RMS is designed to make one type of product, but must encompass the features that allow it to evolve to make other products from the same family. Finally, the presented illustrative numerical example showed the applicability of the developed approach.

For future work, we aim to integrate both the logical and physical environments issues with the process plan generation, to study the impact of product evolution and the layout on the design RMSs. Furthermore, to counter the computational time limitation imposed by the exhaustive search method used in phase two, the use other evolutionary algorithms such as NSGA-II and bees algorithms is an interesting research direction.

  -objective context, Chaube et al. (2012) and Bensmaine et al. (2013) proposed an evolutionarybased approach to solve the problem. Chaube et al. (2012) adapted the non-dominated sorting genetic algorithm (NSGA-II) where two objectives are considered, respectively, the total completion time and the total manufacturing cost. Bensmaine et al. (2013) integrated the process plan generation with the design problem using the same approach. Haddou Benderbal et al. (2017a) proposed a new flexibility metric to generate efficient process plan by integrating unavailability constraints of the selected machines. The resulting multi-objective problem is solved using an adapted version of NSGA-II.

Assumption 5 :Assumption 6 :Assumption 7 :Assumption 8 :

 5678 The layout configuration comprises a number NL of distinct locations L. Each machine 𝑴 𝒋 has a limited number of occurrences 𝑁𝑂[𝑴 𝒋 ]. The product family comprises of several products 𝑃 𝑁𝐿 . Each product 𝑃 𝑝 is realized by a selected set of machines 𝑷𝑴 𝒑 [𝑴 𝒋 ] . Each product can use several duplications of machines 𝑵𝑶 𝒑 [𝑴 𝒋 ].
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 31 Fig. 1 Inclusion concept

  can now define two new matrices respectively minimum accepted distance 𝑴𝒊𝒏𝑨𝑫[𝑴 𝒋𝒐 ][𝑴 𝒋𝒐 ′ ] and maximum accepted distance 𝑴𝒂𝒙𝑨𝑫[𝑴 𝒋𝒐 ][𝑴 𝒋𝒐 ′ ]. These two matrices are generated for each process plan and calculated as follows: The first step consists of identifying the occurrences retained in the initial layout and calculating the distance to the right (D R ) and to the left (D L ) between these occurrences. The following equations show the expressions of the right distance 𝐷 𝑃𝐼 𝑅_𝑘 and the left distance 𝐷 𝑃𝐼 𝐿_𝑘 between the occurrence of a machine 𝑀 𝑗 at the position PI and the position of an occurrence k (of the same machine or another machine).
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Table 1

 1 

	. Notations

Table 2 .

 2 Process plan structure of product P1

	Operation	OP2	OP5	OP1	OP6	OP7	OP9	OP3	OP13
	Designated machines	M2	M10	M1	M10	M4	M6	M1	M3

  𝑃 [𝑀 𝑗𝑜 ][𝑀 𝑗𝑜 ′] = 𝑀𝑖𝑛 (𝐷 𝑃𝐼 𝑀 𝑗𝑜

	𝑅 𝑀 𝑗𝑜 ′	, 𝐷 𝑃𝐼 𝑀 𝑗𝑜 ′ 𝐿 𝑀 𝑗𝑜	)	(16)
	𝑀𝑎𝑥𝐴𝐷 𝑃 [𝑀 𝑗𝑜 ][𝑀 𝑗𝑜 ′] = 𝑀𝑖𝑛 (𝐷 𝑃𝐼 𝑀 𝑗𝑜 𝑅 𝑀 𝑗𝑜 ′	, 𝐷 𝑃𝐼 𝑀 𝑗𝑜 ′ 𝐿 𝑀 𝑗𝑜	)	

Table 3 .

 3 Process plan of P2

	Operation	OP1 OP7 OP6 OP10 OP2 OP13 OP11 OP8
	Designated machines M1 M2 M8	M6	M2	M8	M1	M6
		Table 4. Process plan of P3		
	Operation	OP3 OP5 OP2 OP12 OP6 OP4 OP7
	Designated machines M9 M6 M1	M8	M1 M8 M2

Table 5

 5 

represents the inclusion matrix (based on the inclusion concept) with the set of all initial 10 candidates machines (the same set of machines used to generate initial process plans of P1, P2 and P3).

Table 6 .

 6 Input location matrix (Layout configuration)Table7represents the input solution used by AMOSA to get the best transition (guided by the three objectives AMUP, MRP and LEE). The evaluation of this input in terms of these three objectives is shown in Table8.

		L1	L2	L3	L4	L5	L6	L7
	L1	0	3	2	1	5	4	8
	L2	3	0	2	4	6	6	9
	L3	2	2	0	1	4	3	7
	L4	1	4	1	0	5	1	4
	L5	5	6	4	5	0	8	4
	L6	4	6	3	1	8	0	2
	L7	8	9	7	4	4	2	0
		Table 7. AMOSA input solution	
		PP (P1) M1 M2 M3 M4 M6 M10	
		PP (P2) M1 M2 M6 M8 M9	-	
		PP (P3) M1 M2 M6 M8 M9	-	
		Table 8. Evaluation of input solution	
		AMUP			MRP		LEE
		0.133			0.726		6.637

Table 9

 9 

	. AMOSA output solution	
	PP (P1) M1 M7 M7 M7 M1 M10
	PP (P2) M1 M7 M1 M1 M9	-
	PP (P3) M1 M7 M1 M1 M9	-

Table 10 .

 10 Evaluation of output solution

	AMUP	MRP	LEE
	0.271	0.792	4.80

Table 11 .

 11 Initial layout without using first phase

	Candidate location	L1 L2	L3	L4 L5	L6	L7
	Machine occurrence M2 M10 M1_1 M4 M6 M1_2 M3

Table 12 and

 12 Table

Table 15 .

 15 Resulted layouts using both phases (1 and 2)

	Candidate position	L1	L2	L3	L4	L5	L6	L7	Penalty
	Best solution	M7	M10	M1	-	-	-	-	0
	Worst solution	M7	-	M10 M1	-	-	-	21.34

From the above panel of experiments, when considering the transition effort (first and second phases), the following observations can be delivered:

Observation 1: the results of the first phase have reduced the number of machines to be placed (i.e., from Table 9, we can see 3 instead of 6 machines for the process plan of P1).