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An integrated model for designing and optimising an international logistics network

Introduction

The recent evolutions of the world economy and of the competitive environment, such as the rise of global sourcing and the recent turmoil of the economic climate, compel companies to confront a series of challenges [START_REF] Christopher | New Directions in Logistics[END_REF]. Among these, one of the most relevant is represented by an ever-growing pressure on service level along with a reduction of the price of goods and services [START_REF] Cheong | Logistics network design with supplier consolidation hubs and multiple shipment options[END_REF][START_REF] Jammernegg | Performance improvement of supply chain processes by coordinated inventory and capacity management[END_REF]. In this context, supply chain configuration and coordination have become an important focus of competitive advantage for international companies. As defined by [START_REF] Porter | Changing Patterns of International Competition[END_REF], configuration is the choice about the location and scale of some activities such as logistics (i.e. where in the world each activity included in the value chain is performed and in how many places), while coordination refers to "how Indeed, the configuration of the supply chain (i.e. the definition of its topological features such as the numbers of layers in the chain, the number of nodes in each layer, the distance between the nodes, the sourcing policies -Simchi [START_REF] Simchi-Levi | Designing and managing the supply chain[END_REF] has a great importance for international competing companies [START_REF] Ballou | Business Logistics Management[END_REF]. "A company may be able to save millions of dollars in logistics costs and simultaneously improve service levels by redesigning its distribution network" [START_REF] Teo | Warehouse-retailer network design problem[END_REF]. As a matter of fact, the topological features of the supply chain have a considerable impact on supply chain performance [START_REF] Pero | An exploratory study of the relation between supply chain topological features and supply chain performance[END_REF][START_REF] Sezen | Relative effect of design, integration and information sharing on supply chain performance[END_REF]. [START_REF] Beamon | Measuring supply chain performances[END_REF] states that supply chain performance mainly relates to costs and customer responsiveness. In particular, costs are connected to inventory and operating issues (manufacturing and distribution), while the latter is related to stock-out (or backlog) occurrence and probability of occurrence (e.g. lead time, stock-out probability and fill rate) [START_REF] Vachon | Environmental management and manufacturing performance: the role of collaboration in the supply chain[END_REF][START_REF] Simchi-Levi | Designing and managing the supply chain[END_REF][START_REF] Beamon | Measuring supply chain performances[END_REF]. However, maximising supply chain performance entails the solution of a series of trade-offs [START_REF] Simchi-Levi | Designing and managing the supply chain: concepts, strategies and case studies -2[END_REF]. For instance, by reducing the number of nodes in the supply chain, it is possible to reduce inventory costs, due to the decrease of safety stock according to the "square root law of inventory". On the other hand, if we consider an increase of the number of nodes at the retailer stage, it is possible to offer better customer responsiveness. The nodes of the distribution network will be located closer to the end markets and in this way the delivery time required by customers will be matched with the actual company delivery lead time.

In the last few many companies started to reconfigure their supply chain networks from time to time to retain their competitive edge [START_REF] Goetschalckx | Strategic Network Planning and advanced planning[END_REF]. Pirelli Tyre, a multinational automotive tyre manufacturer, in 2009 was challenged in enhancing the cost-efficiency of its supply chain, with the aim to gain competitive advantage in an industry characterised by a growing pressure on cost control and strict service level requirements. By optimising its supply chain configuration in terms of optimal location of its distribution centres, the company was able to minimise supply chain costs while satisfying service level requirements in different scenarios. Another example regards the car manufacturer BMW, which in 2006 by exploiting the optimisation of its supply chain improved its long-term load planning for the production of cars, which is an essential phase in BMW's strategicplanning process [START_REF] Fleischmann | Strategic Planning of BMW's Global Production Network[END_REF]. In the forestry industry Sodra Cell AB, a Swedish timber and pulp production company, in 2005 tackled the need for increasing its supply chain performance by means of an optimisation regarding the existing production network and the activation of new distribution structures. Sodra Cell AB implemented an ongoing decision support tool to decide terminal location and make distribution by vessels more integrated and efficient [START_REF] Carlsson | Supply chain management in forestry -case studies at Sodra cell AB[END_REF].

The provided real-life examples confirm what stated by [START_REF] Teo | Warehouse-retailer network design problem[END_REF], according to which multinationals are more and more faced with strategic decisions regarding the configuration of their supply chain and logistics network (Chauhan et al., 2004;[START_REF] Gargeya | Global supply chain design: a literature review and critique[END_REF][START_REF] Chopra | Supply chain management: Strategy, planning and operations[END_REF]. Thus, companies have to confront great challenges in the decisions making process for configuring their supply chain. These are exacerbated if we consider that optimal decisions must be taken by solving constrained optimisation problems with strong interrelationships between problem variables. In contexts where resources are tightly constrained, obtaining the optimal configuration is a noteworthy challenge.

Therefore, the need for effective decision support tools has risen. These tools should allow to easily, more accurately and more frequently configure/re-configure [START_REF] Melachrinoudis | Redesigning a warehouse network[END_REF][START_REF] Melo | Facility location and supply chain management -A review[END_REF]. There exists a large body of literature on decision support tools and optimisation models for supply chain configuration. The problem has been addressed by a series of studies based on genetic/heuristic methods, simulation methods and, as foremost approach, linear programming (Meixell and [START_REF] Gargeya | Global supply chain design: a literature review and critique[END_REF][START_REF] Chopra | Supply chain management: Strategy, planning and operations[END_REF]. The success of linear programming is due to the fact that, despite some well-known drawbacks, it allows for developing solver tools in an easy way, which enable realistic and precise solutions for the network configuration problems to be obtained, thanks also to widely available and reliable software packages [START_REF] Sharma | Linear programming: theory and applications[END_REF][START_REF] Schoen | Two-phase methods for global optimization[END_REF].

However, despite the large availability of scientific contributions focused on the addressed topic, the complexity of real-life supply chain problems has not been considered in the extant literature. The objective of the current study is to propose a logistics network configuration model based on linear programming able to confront and manage the complexity of a factual supply chain (i.e. characterised by a relevant number of nodes and by a series of constraints). Moreover, we aim to provide methodological guidelines for obtaining and processing the data and information necessary to set-up the model, since data mapping and processing is considered a very relevant, difficult and time-consuming activity [START_REF] Carlsson | Supply chain management in forestry -case studies at Sodra cell AB[END_REF].

The remainder of the paper is organised as follows: section 2 is devoted to review the literature focused on linear programming applications to supply chain configuration. In section 3, we describe our proposed logistics networks configuration model based on linear programming. Here, the corresponding data mapping procedure is also presented. Finally, section 4 recounts some concluding remarks and insights on potential future research on the topic. 

Background of the study

This section presents a literature review on linear programming applied to supply chain configuration issue. Our analysis reviewed more than 170 papers, selected by means of the Systematic Literature Review approach by [START_REF] Tranfield | Towards a Methodology for Developing Evidence-Informed Management Knowledge by Means of Systematic Review[END_REF] which allows an evidenced-informed approach to identifying, selecting and analysing secondary data. To conduct the search, a number of key words were identified in the areas of supply chain management, supply chain design, supply chain configuration, logistics networks, optimisation models, linear programming. They were further refined until the list of terms was deemed sufficient, also by integrating the Systematic Literature Review technique with the approach and the criteria developed by [START_REF] David | A systematic assessment of the empirical support for transaction cost economics[END_REF] and subsequently exploited by [START_REF] Newbert | Empirical research on the resource-based view of the firm: an assessment and suggestions for future research[END_REF]. According to the adopted approaches, the literature search was performed on the most relevant on line databases for the topic under study (ABI/Inform, Science Direct, EBSCO) looking for journal articles published in scholarly journals and for books and book chapters. We ensured that the contributions contained any of the pre-defined research terms. The results of the search were then further reviewed by reading the article title, the abstract and if necessary the full paper. In this way we managed to exclude a number of papers which were not sufficiently close to our research criteria.

The review of the literature was performed with the aim to understand the current state of the art concerning supply chain configuration and to provide us with a guide for deciding which features should characterise our model. For doing this, we organised the analysis according to the taxonomical approach proposed by [START_REF] Melo | Facility location and supply chain management -A review[END_REF]. The authors classified the analysed papers according to the following dimensions: objective and decision variables of the optimisation models, number of considered supply chain layers and stages, span of the time horizon, number of Building upon this framework, we included two additional dimensions, i.e. modelling of the service level constraint and presence of the data mapping section, which were deemed particularly relevant for the supply chain configuration issue, as highlighted by [START_REF] Cheong | Logistics network design with supplier consolidation hubs and multiple shipment options[END_REF], [START_REF] Jammernegg | Performance improvement of supply chain processes by coordinated inventory and capacity management[END_REF] and [START_REF] Carlsson | Supply chain management in forestry -case studies at Sodra cell AB[END_REF].

Matching the implications arising from each section of the analysis with our research objectives, we derived the specifications to be considered in developing the model.

In figure 1 we include a summarising chart centred on the concepts of what has been modelled and how it was modelled so far in the state of the art. Following, due to brevity reasons, we report some highlights for the most relevant contributions only, analysed according to the abovementioned dimensions. For each of the dimensions we describe the implications of the literature analysis which led us in the development of our optimisation model. 

Definition of the logistics network configuration problem

In a logistics network configuration problem, a series of strategic decisions (i.e. decisions involving major capital investments and with long term effects) are generally considered. They are essentially represented by the definition of the optimal number, location and size of warehouses and/or plants and by the definition of the optimal sourcing strategy for each node and of the best distribution channels [START_REF] Chopra | Designing the distribution network in a supply chain[END_REF][START_REF] Simchi-Levi | Designing and managing the supply chain: concepts, strategies and case studies -2[END_REF]. In other words, the objective of the logistics network configuration problem is to find a minimal-cost configuration of the logistics network able to satisfy customers' orders. In order to reach this goal, a linear programming-based network configuration method should be composed by a mapping section, based on ready-to-beimplemented data, and by an optimisation model able to provide the optimal network configuration [START_REF] Simchi-Levi | Designing and managing the supply chain: concepts, strategies and case studies -2[END_REF].

Objectives of the configuration models and decision variables

Coherently with the results obtained by Meixell and [START_REF] Gargeya | Global supply chain design: a literature review and critique[END_REF] and [START_REF] Melo | Facility location and supply chain management -A review[END_REF], we found that the main objective of the reviewed configuration models is total logistics cost minimisation (75,6%), with 17,2% of the contributions focused on maximising the company's profit and 7,2% of the reviewed articles characterised by a multi-objective function (i.e. multiple and conflicting objectives, which in addition to economic factors consider also measures based on resource utilization and customer responsiveness - [START_REF] Melo | Facility location and supply chain management -A review[END_REF]. As long as cost minimisation is regarded, the reviewed models consider transportation costs (97,1%), warehousing costs (67,1%), production costs (58,8%), sourcing costs (31,2%), inventory costs (29,4%) and international supply chain costs such currency exchange costs, duties and taxation (17,1%).

In our study, we found that logistics network design problems have address decision variables such as the potential sites to be activated (97,6% ). 84,9% of these papers consider warehouses or distribution centres as potential sites to be activated.

Then, our analysis showed that the mere allocation of production and distribution has been considered in the 78,2% of the papers. It is possible to find models (e.g. [START_REF] Sridharan | The capacitated plant location problem[END_REF][START_REF] Talluri | A multi-phase mathematical programming approach for effective supply chain design[END_REF][START_REF] Revelle | Location analysis: A synthesis and survey[END_REF] proposing an iterative process where firstly the facility location problem is addressed and secondly the transportation one is faced. Meixell and [START_REF] Gargeya | Global supply chain design: a literature review and critique[END_REF] affirm that contributions over time have been extending their focus from distribution to manufacturing: when the latter is considered, the decision variables are represented by the product mix to be allocated to plants (15,9% of the contributions) and the models are based on analysis of the bill of materials, as shown by [START_REF] Paquet | A manufacturing network design model based on processor and worker capabilities[END_REF], without selecting different production plant alternatives. In other cases (60,6% of the reviewed contributions) the allocation of sourcing flows from suppliers is considered. Moreover, 29,4% of the reviewed models include considerations on inventory costs and transportation time when global supply chains are optimised.

From this analysis we learned that, coherently with the issues raised in the introduction and with our aims, it is possible to focus on minimising costs for optimising the logistics network relying on a strong literature support. As the objectives of the configuration models are regarded, literature indicates that warehousing, transportation and distribution represent the most investigated elements, while the choices regarding activation of production plants are only seldom considered since they are generally connected to labour issues and to high required capital investments. This implies that, even if the allocation of production is still viable, plants are generally not modified in terms of location.

With respect to the objective of the optimisation model we decided to focus on cost minimisation while as regards the decision variables to include in our model we decided to consider distribution allocation, by setting the quantities to be shipped from plants to customers through a network of selectable intermediate logistics nodes (i.e. distribution centres). 

Considered layers and supply chain stages

As far as the supply chain layers are considered, two different alternatives are available: single-layer and multiple-layer options. The two alternatives regard both the number of layers composing the supply chain and the number of layers where the decision variables are included, named "location layers". In their analysis [START_REF] Melo | Facility location and supply chain management -A review[END_REF] affirm that when a single location layer is considered, the problem generally deals with the optimisation of secondary distribution.

Examining the different levels of hierarchical location, 91% of the reviewed articles focus on problems dealing with single location layers only. However, some relevant works extend this limitation: [START_REF] Fleischmann | Strategic Planning of BMW's Global Production Network[END_REF] developed a model for the car manufacturer BMW to optimise both the production and distribution layers in a multi-stage supply chain. In the same industry [START_REF] Karabakal | Supply-chain analysis at Volkswagen of America[END_REF] optimise the American Volkswagen's distribution network through the location of new warehouses and plants. [START_REF] Gunnarsson | Supply chain modelling of forest fuel[END_REF] developed a two-location layer model to convert waste products from the forestry industry into bio-fuel, considering alternative sites for timber collection, for timber processing and heating terminals. As emerging from [START_REF] Melo | Facility location and supply chain management -A review[END_REF] and [START_REF] Gargeya | Global supply chain design: a literature review and critique[END_REF], when international and global supply chains are considered, it is usual to find single decision layers in multi-layer supply chains. In fact, it is a common practice that in those contexts the optimisation regards the international logistics network, without considering the last mile local distribution, commonly delegated to a third party provider on a local scale [START_REF] Wood | International Logistics[END_REF]. For these reasons, and giving the growing importance of global logistics networks in supply chain management research, we drove our choice on multi-layer contexts with a single location layer. 

Number of commodities involved in the optimisation problem

It is interesting to notice that only 29,6% of the models included in the reviewed literature investigates a multiple-commodity context. This is probably due to the complexity of considering more than one single commodity in the optimisation problem at the same time. This complexity has been confronted in literature with a series of simplifications and assumptions made to subdivide the overall optimisation problem into sub-problems. For example, [START_REF] Avittathur | Distribution centre location modelling for differential sales tax structure[END_REF] integrate location and inventory decisions in a multi-commodity problem. [START_REF] Jayaraman | A simulated annealing methodology to distribution network design and management[END_REF] developed a tool for supporting decisions regarding the location of new stores and the allocation of the required resources to respond to growing customer demand for multiple commodities. [START_REF] Arntzen | Global supply chain management at Digital Equipment Corporation[END_REF] developed a multi-period, multicommodity mixed integer linear programming (MILP) model to optimise the global supply chain of Digital Equipment Corporation. Similarly [START_REF] Manzini | Optimization models for the dynamic facility location and allocation problem[END_REF] introduce a model to design and manage multi-commodity location allocation problems. [START_REF] Camm | Blending OR/MS, judgment, and GIS: Restructuring P&G's supply chain[END_REF] propose a model for optimising Procter & Gamble's US production plant network, considering the presence of a number of different products, decomposing the overall supply-chain problem into sub-problems: a distribution-location problem and a product-sourcing problem (one for each product category). From our analysis it emerges that the challenge the scientific community is currently confronting is to consider multi-commodity problems, since they enable the development of more realistic, although more complex, models. Thus, we decided to focus on multi-commodity problems. 

Span of the time horizon

Another relevant characteristic to be considered is represented by the time horizon: literature shows that 85,2% of the analysed papers are aimed at configuring a logistics network considering a single-period horizon [START_REF] Melo | Facility location and supply chain management -A review[END_REF]. A multi-period approach is presented by [START_REF] Ballou | Business Logistics Management[END_REF] who proposed a logistics network configuration model where the values of some topological variables change over time in a predictable way. [START_REF] Canel | International facilities location: A heuristic procedure for the dynamic uncapacitated problem[END_REF] focus on site location problems, giving special emphasis to the financial issues in a multi-period planning horizon, while [START_REF] Manzini | Optimization models for the dynamic facility location and allocation problem[END_REF] developed a model for managing a multi-period location allocation problem, in a multi-stage and multi-commodity context. Literature provides other significant examples of models developed in various industries (e.g. plastics, by [START_REF] Altiparmak | A genetic algorithm approach for multiobjective optimization of supply chain networks[END_REF]; mining of silicon metals, by [START_REF] Ulstein | Elkem uses optimization in redesigning its supply chain[END_REF]), which include a multi-period approach to select the location of new sites, on the basis of specific investments and operating costs. A paper by [START_REF] Fleischmann | Strategic Planning of BMW's Global Production Network[END_REF] represents another example of multi-period approach: the proposed model is able to run a configuration problem with a planning horizon longer than one year and divided into monthly time buckets. Deepening the analysis of the reviewed contributions, we found that multi-period approaches are developed for operating contexts where the environmental and endogenous variables are very likely to frequently change over time (e.g. seasonal demand, variable production and warehousing capacity). Additionally, the reviewed literature shows that for commodities characterised by a low degree of seasonality and non-time dependent production-distribution systems, a single-period approach can be an appropriate method for developing an optimisation model. With respect to the objectives of our research, since we do not intend to specifically focus our analysis on seasonal commodities or time-variable production-distribution systems, we thus decided to address a single-period model.

Kind of considered data

Literature shows that 92,2% of the reviewed papers have been focusing on deterministic models for configuring a logistics network. This is a reasonable approach when it is possible to assume that all of the data and future events regarding the problem are known with a sufficient degree of certainty. However, when unpredictable fluctuations of the values of some model variables have to be considered, an important extension is represented by the inclusion of stochastic components in the configuration model. [START_REF] Owen | Strategic facility location: A review[END_REF] state that often there is uncertainty in determining the costs and future demand. In order to face environmental variance, procedures focused on stochastic programming have been drawn (Alonso-Ayuso et al., 2002;[START_REF] Santoso | A comprehensive model and efficient solution algorithm for the design of global supply chains under uncertainty[END_REF] or stochastic variables have been included in order to model uncertainty in the operation of a supply chain [START_REF] Blackhurst | Network-based approach to modelling uncertainty in a supply chain[END_REF]. Nevertheless, it is important to underline that the reviewed literature suggests that for dealing with non-deterministic contexts, simulation tools can be considered as more suitable for time dependent contexts rather than MILP since simulation is able to consider dynamic and stochastic issues, although unable to provide optimised solutions [START_REF] Chopra | Supply chain management: Strategy, planning and operations[END_REF][START_REF] Cigolini | A note on supply risk and inventory outsourcing[END_REF][START_REF] Law | Simulation modeling and analysis[END_REF]. Thus, simulation could be used to test the static outcomes of the MILP models derived from single-period approaches (e.g. 1 year) where the stochastic effect of variables can be compensated along time. Considering our aims, we decided to focus on models dealing with deterministic data: in this way we better exploit MILP. 

Modelling of the service level constraint

Another important feature to be considered is how the service level constraint is modelled. A model able to deal with real-life contexts should consider this issue in a realistic and comprehensive way. Almost the totality of the reviewed contributions considers the service level as a constraint to fulfil customers' demand. This is evidently an essential constraint, but key factors such as the delivery lead time or the shipping frequency are neglected. Only three contributions add further elements to consider service level. Korpela and Lehmusvaaara (1999) propose a model based on the Analytical Hierarchy Process which provides the inputs for selecting alternative service providers in the MILP logistics network design model, to ensure that the network achieves the requested performance (e.g. in terms of delivery lead time). [START_REF] Yan | A strategic model for supply chain design with logical constraints: formulation and solution[END_REF] model the service level constraint as a percentage of the overall demand met, assuming a deterministic customer demand. [START_REF] Melachrinoudis | Redesigning a warehouse network[END_REF] consider the negative influence of warehouse centralisation on lead times, as an expression of service level. This influence is considered with a constraint that forces each consolidated facility to meet customers' demand within 10 hours of truck driving time. Even if the reviewed literature supports the relevance of the service level constraint, only the cited contributions are able to consider the mentioned key factors, thus confirming the necessity to develop models able to include the service level as a key constraint. For this reason, we decided to propose an optimisation model able to fill this gap. 

Applications to real-life cases and supply chains

Considering now the application of the described models to the deployment of network configuration problems, it is possible to cluster the revised scientific contributions according to two different groups [START_REF] Melo | Facility location and supply chain management -A review[END_REF]):

• case studies, which refer to real-life applications, even if they might not have been practically implemented; • industrial contexts, which refer to virtual contexts for specific industries.

The number of revised papers presenting an application of the models they propose is fairly limited (28 papers out of 170, equal to approximately 16%). 20 papers (70%) out of the 28 found applications can be included in the case study group, while the remainder are to be ascribed to the industrial contexts group. However, out of the 20 identified case studies, only 8 of them are able to keep into consideration the complexity of a real-life supply chain, since they are built on strong assumptions and simplifications.

Presence of the data mapping section

The relevance of the data mapping section has been acknowledged in the reviewed literature [START_REF] Carlsson | Supply chain management in forestry -case studies at Sodra cell AB[END_REF][START_REF] Simchi-Levi | Designing and managing the supply chain: concepts, strategies and case studies -2[END_REF][START_REF] Melachrinoudis | The dynamic relocation and phase-out of a hybrid, two echelon plant/warehousing facility: A multiple objective approach[END_REF]. Our analysis showed that among the non-applied models, none of them is accompanied by a data mapping section and that none of the industrial context papers proposes a data mapping section. Out of the case studies we found only three examples of extensive data mapping. In particular we found papers dealing with the selection of the most suitable configuration option among the feasible ones, taking into account a series of scenarios (Fahrani and Asgari, 2007), or papers trying to reduce data complexity by means of data aggregation [START_REF] Wouda | An application of mixed-integer linear programming models on the redesign of the supply network of Nutricia Dairy & Drinks Group in Hungary[END_REF] or data clustering for products, customers and delivery zones [START_REF] Ulstein | Elkem uses optimization in redesigning its supply chain[END_REF]. The analysed literature strongly supports the necessity to rely on methodological guidelines for managing the considerable amount of data necessary to run optimisation models. However, we found that literature is particularly wanting of examples of developed data mapping sections for supporting the operationalisation of the supply chain and logistics network configuration models: thus we raise the claim to fill this gap.

The proposed method

The logistics network configuration model we propose in this paper, built considering all the directions identified in the previous sections, is based on mixed integer linear programming (MILP) and it is completed by a data mapping section [START_REF] Simchi-Levi | Designing and managing the supply chain: concepts, strategies and case studies -2[END_REF].

The logistics network configuration model

The typology of logistics network we are addressing is constituted by:

• a series of product-focused un-capacitated production plants (defined as P p ), which manufacture products characterised by some different features (e.g. technical specifications);

• a series of regional distribution warehouses (defined as RDW h );

• a series of delivery points (such as wholesalers or outlets) which serve final customers.

The delivery points are characterised by demand features which are strictly related to the products manufactured by the different plants. Delivery points are served by RDW h according to a single sourcing policy. Considering that a real-life distribution system of a multinational company could have over than 20,000 accounts, there needs to perform an aggregation of the delivery points in macro-groups or clusters (Simchi- [START_REF] Simchi-Levi | Designing and managing the supply chain: concepts, strategies and case studies -2[END_REF], defined in this work as Aggregated Delivery Points (ADP j ). Then, we assume that the shipments from P p to RDW h are performed by means of full truck loads (FTL), while the secondary distribution from RDW h to ADP j is generally performed by means of less than truck load services (LTL). Figure 2 

Input data

The developed model needs the following data as input variables:

• the set of P p originating the logistics flows, with their geographical location (i.e. latitude and longitude), the manufactured type of product, the load capacity characterizing a full truck load shipment originating from them, and the corresponding primary distribution costs for reaching the different RDW h ; • the set of potential RDW h , with their geographical location, maximum floor space size, inventory turnover ratio, secondary distribution costs for shipping one unit of product to the different ADP j , unit housing cost, unit handling cost and throughput capacity; • the set of ADP j to be served, with their geographical location (for calculating the distance between each potential P p and each ADP j ), their demand profile (in terms of amount of products annually required) and, finally, the required service level and product mix.

Decision variables

Given the above listed input data, the model is aimed at minimising the overall logistics and distribution costs (primary and secondary distribution costs and warehousing costs), fulfilling a required service level, by defining the values of two types of Boolean decision variables:

• the first one allows for selecting which RDW h out of the set of potential location must be activated; • the second one allows for determining which RDW h , if activated, must serve which ADP j .

With reference to the logistics network nodes, only the activation of the RDW h is a decision variables of the model since the sets of P p and of ADP j are considered as given. As far as the linkages between the nodes of the network are considered, only the ones connecting RDW h and ADP j are considered as decision variables since the linkages between P p and RDW h are determined by the product mix required by each ADP j (as a matter of facts, P p are product-focused production plants). Finally, the quantity of products shipped from a RDW h to an ADP j is not a decision variable, due to the adopted single sourcing policy.

The objective function

The model's objective function, representing the minimisation of the annual overall logistics cost, is shown by expression 1:
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In this expression the input data are represented by:

• cs h,j , the secondary distribution cost for shipping one unit of product along one unit of distance (i.e. according to the commonly adopted transportation rates, this is the cost for shipping one kilogram of product for one kilometre) from RDW h to ADP j [€/kg•km]; • d h,j , the distance between RDW h and ADP j [km]. It is derived, as shown in section 3.2, from the RDW h and ADP j geographical locations; • D j , the annual demand of ADP j . For consistency with the secondary distribution cost, D j must be expressed in kilograms per year [kg/year]; • cw h , the unit housing cost, i.e. the yearly cost per square meter in each RDW h [€/m 2 •year]; • S j , the average space utilisation index connected to ADP j and indicates how many kilograms of products requested by ADP j can be stocked within a square metre [kg/m 2 ]. This value is almost exclusively depending on the required products' space utilisation index (essentially deriving from the product density and from the physical configuration of each stock keeping unit), since we are considering in the present study a set of similar and equivalent warehouses (potential and activated); In expression 1 the only decision variable is represented by:

• k h,j , the Boolean decision variable, which allows defining whether ADP j is served by RDW h (k h,j =1) or not (k h,j =0).

No costs for activating a generic RDW h are taken into account in the objective function since we consider that warehouses are nowadays commonly outsourced to logistics service providers. Then, both the current and potential RDW h in the model correspond in real-life to the facilities of logistics service providers, which are already active and do not require significant switching costs for including (or excluding) them in the optimised network configuration.

The objective function presented in this section can be generalised and modified in order to consider different types of products: the demand of ADP j for the different products manufactured by the production plants P p can be included and the hypotheses according to which the space utilisation index and the yearly inventory turnover ratio are not depending on the specific product removed. For such a generalisation see Appendix 1.

The constraints

The constraints of the proposed MILP model are given by the following expressions:
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Expression 2 is the constraint representing the single sourcing policy: each ADP j can be served by a single RDW h only. Therefore only one connection linkage between a certain ADP j and all the potential RDW h can be activated.

Expression 3 represents the constraint concerning the service level requirement. The connection linkage between a certain RDW h and a certain ADP j exists (i.e. the decision variable k h,j is equal to 1) only if that activated RDW h allows goods to be delivered to that ADP j within a given time. This last condition is modelled by means of the Boolean variable I h,j whose value is set equal to 1 if it is possible to serve ADP j from RDW h within the required delivery lead time and 0 otherwise. In particular, the allocation of binary values to the variables I h,j leads to the definition of a [h x j] origin-destination matrix (see Table 1) where the RDW h and the ADP j are matched.

Table 1. Example of a potential origin-destination matrix for the definition of the service level constraint Finally, expressions 4 and 5 constrain the decision variables k h,j and k h respectively to be Boolean variables, while expression 6 represents the constraint connected to the minimum size of a generic RDW h to be activated. We decided to set the minimum size equal to 4,000 square metres since this represents the typical 

Data mapping and information processing

In this section we provide a series of methodological guidelines for obtaining and processing the data necessary to set-up and run the model.

The aggregation of customers' demand

A real-life global logistics network usually includes more than 20,000 delivery points.

This implies an overwhelming complexity in dealing with such a large number of Concerning the ADP j demand, according to the described geographical aggregation and clustering methodology, the aggregate demand of the ADP j (D j ) is obtained according to equation 7:

where d k is the annual demand of the k-th real delivery point included into the generic ADP j , and K' and K ~are the indexes of the generic customers within a generic ADP j .

Product mix

The product mix is represented into the model by m p,j : this value represents the percentage of products that a generic ADP j requires from each P p . In order to derive m p,j , it is necessary to consider the mix of products manufactured by the specific P p and required by the single delivery point k (m p,k ). This is a piece of information that can be gathered from the company's accounting sheets. In particular, m p,j can be derived according to expression 8: where:

• m p,k is the percentage of the delivery point demand (d k ) represented by the product manufactured by P p and • D j is the ADP j demand calculated according to equation 7.

Unit secondary distribution cost

Since the to-be configuration of the logistics network could result in new linkages between RDW h and ADP j compared to the as-is configuration, it is necessary to derive, for each RDW h , the secondary distribution unit cost (cs h,j ) as a function of the The above mentioned cost function, with reference to a particular RDW h , can be obtained from both the transportation accounting reports and the quantities of product (in kilograms) yearly shipped (per each weight range and per each destination included in the transportation accounting sheet). Moving from these data, per each destination a single €/kg rate, weighted on the basis of the shipped volume for each weight range, is calculated. Then, by dividing such rates by the distances between the corresponding destinations and the considered RDW h , a series of €/kg•km rates is obtained. Finally, by representing the obtained rates on a graph depending on the distance and through a regression analysis, the best fitting curve interpolating these data is drawn. Of course, this calculation guideline should be kept into account for all those distribution contexts where a secondary distribution unit cost based on predefined weight and distance ranges applies. It is then necessary to calculate, with reference to the considered RDW h , the distance for reaching each connected ADP j (d h,j ), given by the Euclidean distance between RDW h and ADP j multiplied by the "circuity factor" of the geographical territory which RDW h and ADP j belong to [START_REF] Ballou | Selected country circuity factors for road travel distance estimation[END_REF]. By selecting the function ordinate corresponding to the abscissa given by the previously calculated distance between RDW h and ADP j , the €/kg•km rate to be applied is obtained. By multiplying this rate by the same distance the unit 

Warehousing and handling costs

As far as the unit warehousing cost (cw h ) is regarded, a benchmarking activity, aimed at gathering the most significant cost values, can be performed with logistics real estate companies, which are able to provide the €/m 2 •year cost for renting a logistics facility in a given location. Since the unit housing cost is expressed in €/m 2 •year, it is necessary to convert the kilograms of products yearly flowing through each RDW h into the required warehousing floor space to be included in the model objective function. It is necessary to consider that in similar warehouses the space utilisation index and the inventory turnover ratio are function of the features of the stored products. Additionally the products stored in a specific RDW h depend on the ADP j served by this specific RDW h . Consequently, the conversion of kilograms of products into warehouse floor space can be performed by dividing the demand of each ADP j served by the considered RDW h by the space utilisation (S j ) and the inventory turnover ratio (ITR j ) characterizing the products required by each ADP j . The values of S j and ITR j can be respectively approximated by the space utilisation and the inventory turnover ratio of the RDW h which in the as-is logistics network configuration serves the considered ADP j .

As far as the handling cost (ch h ) is concerned, its value can be obtained from logistics service providers, in terms of unit rate for the handling of inbound and outbound flows (€/kg).

Service level requirement

With reference to the service level requirement, the potential origin-destination matrix shown in Table 1 must be derived. In particular, for each RDW h it must be verified which ADP j can be reached by truck in a required delivery time. To perform such a check, it is necessary to draw an isochronal zone, i.e. to draw the boundaries of the area reachable in a certain delivery time from each RDW h , and to verify which ADP j completely lie within the isochronal zone. To perform this task, software packages such as Microsoft MapPoint TM can be used. These packages are able to consider average driving speeds coherently with the typologies of roads and other factors such as the driving stops imposed by regulations (e.g. driving times, stops for customs clearance).

Concluding remarks

In this paper we addressed one of the most important and topical issues in supply chain research: supply chain configuration and optimisation [START_REF] Chopra | Supply chain management: Strategy, planning and operations[END_REF][START_REF] Gargeya | Global supply chain design: a literature review and critique[END_REF][START_REF] Teo | Warehouse-retailer network design problem[END_REF]. In particular, we focused on linear programming models, the most widespread modelling tool for designing logistics networks [START_REF] Chopra | Supply chain management: Strategy, planning and operations[END_REF][START_REF] Gargeya | Global supply chain design: a literature review and critique[END_REF].

In detail, after having performed an extensive review of the literature, which allowed assessing the existing logistics network configuration models, we proposed a taxonomy for classifying the scientific literature according to seven classification dimensions. We found the current state of the art particularly wanting of exhaustive configuration models, i.e. models dealing with real-life complexity and including both service level constraints and data mapping sections, whose relevance is widely acknowledged by the literature [START_REF] Melachrinoudis | The dynamic relocation and phase-out of a hybrid, two echelon plant/warehousing facility: A multiple objective approach[END_REF][START_REF] Simchi-Levi | Designing and managing the supply chain: concepts, strategies and case studies -2[END_REF]. On the basis of the outcomes of our literature analysis, we decided to focus on the development of a MILP model with a data mapping section for configuring multiple-layer, single location-layer, multiple-commodity and time-constrained We believe that the proposed model could be profitably applied by supply chain and logistics managers for optimising real-life supply chains characterised by similar features compared to the considered ones. Moreover, the provided data mapping section could represent a useful guideline, which can be successfully used by practitioners to gather and handle the high volume of data necessary for the model operationalisation. This would also give companies the opportunity for rationalising the body of available information and for identifying the missing data to be further gathered. Moreover, the input data for the model could be exploited as a managerial cockpit: for instance, the set of secondary distribution unit cost functions could be considered as a tool for monitoring and assessing the transportation rates applied by the logistics service providers hired by the company. Again, as a managerial tool, the proposed integrated approach to the design of the logistics network could be exploited to evaluate the alignment of the strategic fit between the logistics network configuration and the changing logistics business conditions. This could be achieved by means of periodical runs of the optimisation model along with the data mapping process. In this case, there would need to consider also the implications connected to the logistics network configuration changes, in terms of strategic and long-term actions.

It should be remarked that all the logistics network optimisation techniques are decision support tools aimed at assisting logistics managers in the decision making process, which entails the concurrent evaluation of different context variables. For example, if the business objectives encompass the evaluation of the traditional tradeoff between service level and logistics costs, it would be suitable to evaluate, together We believe that our proposed integrated approach (the optimisation model and the exhaustive data mapping and processing section) could be a useful tool for companies. This is confirmed by its factual application to a real-life example, regarding the redesign of the European Pirelli Tyre logistics network. We refer the interested reader to XXX, where this application is thoroughly described. In particular, the implementation of the proposed model to the Pirelli Tyre supply chain (characterised by more than 40,000 nodes) led the company to define a new optimised logistics network configuration, which allowed for a reduction of the overall logistics cost by 7%.

Of course, the proposed model presents a limitation, represented by the possibility to apply it to selected fields only, as abovementioned. To overcome this limit, our purpose is to develop a research considering a multi-location layer MILP model for addressing production-distribution networks. In expression 9, by difference from expression 1:

• D j,p is the ADP j annual demand of product 'p', i.e. of the product manufactured by the production plant P p . D j,p is expressed in kilograms per year [kg/year] and it is linked to the annual demand of ADP j (D j ) by expression 10; • S h,p is the space utilization index, which indicates how many kilograms of product 'p' can be stocked within a square metre [kg/m 2 ] into the RDW h . In this case the hypothesis which allowed to consider the concept of equivalent warehouses (see section 3.1.3) is removed and, as a consequence, the space utilisation depends not only on the product stocked but also on the warehousing facilities of each RDW h ; • ITR h,p is the yearly inventory turnover ratio characterising the product 'p' in RDW h [1/year]; • ch h,p is the unit handling cost, i.e. the cost for handling one kilogram of product 'p' in RDW h [€/kg]. We consider the hypothesis according to which the characteristics of the product handled, e.g. volume and shape, can influence the unit handling cost; • PS p is a percentage value representing the utilisation of the full truck load capacity, which is a function of the shipped product and, in particular, of its unit volume.

It is worth to notice that the first term of expression 9 is the same as expression 1. As a matter of fact, the unit secondary distribution cost depends on the distance covered and on the shipped weight (see section 3.2.4) and not on the shipped product. Therefore, the equality 11, due to expression 10, is verified: 
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  • ITR h , the average yearly inventory turnover ratio characterising the products requested by ADP j [1/year]. The ITR h can be considered as a standard average value for the new potential RDW h while for the existing RDW h the actual values apply;• ch h , the unit handling cost, i.e. the cost for handling one kilogram of product in RDW h [€/kg]; • cp p,h , the primary distribution cost for a full truck load shipment from P p to RDW h [€/FTL shipment]; • m p,j , the percentage of D j fulfilled by means of products supplied by P p . It is worth to notice that, as abovementioned, in our model we consider a logistics network where each plant is product-focused and each ADP j is demanding a range of different products. Consequently, we modelled this feature considering that the demand of each ADP j must be fulfilled by each P p according to a certain percentage; • LC p , the average full truck load capacity (expressed in kilograms of product) for a FTL shipment leaving from P p [kg/FTL shipment].
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		ADP 1	ADP 2	ADP j…	ADP J
	RDW 1	0	1	…	1
	RDW 2	1	0	…	1
	RDW h ...	…	…	…	…
	RDW H	1	0	…	0

212x168mm (72 x 72 DPI)

http://mc.manuscriptcentral.com/tprs Email: ijpr@lboro.ac.ukInternational Journal of Production Research

Acknowledgments

We would like to express our gratitude to the reviewers for their valuable contribution in enhancing the quality of the present paper and to Dr. Fiona Hunter for supporting us in refining the writing style of the paper.

Appendix 1

When the ADP j demands of different products as well as product-dependent space utilization index and yearly inventory turnover ratio are considered, the objective function depicted by expression 1 changes according to expression 9.