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The organization of the 8th ISIR Summer School 2007 was supervised by prof. Lucio Zavanella and an inexhaustible staff, which enthusiastically supported the logistical and organizational efforts (Simone Zanoni, Ivan Ferretti, Andrea Pasotti, Luca Zanchi and Anna Rosa). The challenging topic of “New and Classical Streams in Inventory Management” was discussed for 5 days, starting on Monday, July 30th, up to Friday, August 3rd. 

The morning of the first day was mainly devoted to welcome and register the participants. The introductory welcome was given by the ISIR President-Elected, prof. Henk Zijm, who lively introduced the scientific and cultural issues of the School, addressing his message to the greatest part of the 36 participants among professors, researchers, and doctoral students, coming from 11 different countries. Subsequently, prof. Lucio Zavanella welcomed the participants to the Faculty of Engineering and the hosting countryside, offering some insights about the University, the Province and its city, highlighting its industrial tradition, history (linked to a rich and ancient heritage, too), cultural and tourist vocation. The Summer School started its official scientific programme in the afternoon with the tutorial by prof. A. Chickàn of Corvinus University, addressing the issue of “Stocks and Flows in the Supply Chain: a New Role of Inventories”. The presentation introduced the participants to the evolution of the concept of inventories, up to the modern view based on the Supply Chain principles. Literature was widely discussed, giving evidence of the evolution of the strategic function of stocks. Such a new perception opens new frontiers to researchers and practitioners and prof. Chickàn addressed them in a lively and comprehensive presentation. The tutorial introduced also the first session of the School, which was chaired by the ISIR President-Elected, prof. Zijm. The session scheduled two contributions: the first was presented by Onur Kilic Alper on “Scheduling in Two Stage Food Processing with Intermediate Storage” and the second by Pourakbar Morteza , entitled “A Mathematical Modelling for Floating Stock Policy”. Onur Kilic Alper introduced the participants to the challenging sector of the food processing industry: he gave evidence of the strategic role of the sector itself (the largest in the EU), thus highlighting the complexity and the peculiarities of the specific field (e.g., the divergent product structure – stemming from the large number of packaging conditions – shared resources, sequence dependent setup times, perishability, processing cycle peculiarities). The comprehensive description offered allowed the audience to understand the complexity of the problem and the importance of production control and scheduling in food processing. The detailed analysis of literature addressed also the practical issue of constrained intermediate storage, necessary to stock intermediate products still unpackaged. The study focussed on such a two-stage system, which significantly encompasses the complexity of food manufacturing. The realistic constraints included in the model, based on mixed integer linear programming, allowed to practically address the detailed solution of short term scheduling in a deterministic scenario, integrating powerful features such as lot sizing and scheduling and batch scheduling. Subsequently, Pourakbar Morteza discussed a mathematical approach for analysing the concept of Floating Stock. At first, he carefully explained how floating stock distribution concept exploits inter-modal transport so as to deploy inventories in a Supply Chain, in advance of retailer demand, and how it reveals to be an appropriate approach in case of batch production and container-based transport of standard product mixes. In such a way, response times are reduced and storage costs may be reduced, too, thanks to products in the transport-pipeline (even if extra costs may be introduced by transhipments and longer routes). At first, Pourakbar Morteza introduced and analysed this concept using a simulation approach: then, he extended the problem into real world context by considering general interdemand distribution processes and developing a mathematical model including both backlogging and lost-sale cases. The model proposed aimed at optimising the advanced shipping time of containers by inter-modal transport i.e., before demand being realized, containers are shipped inter-modal to benefit from less storage cost at factory (by utilizing the shipping time) and also free of storage cost at inter-modal terminals. The model results were compared to the simulation ones, showing the potential advantages of the policy discussed.

On Tuesday 31th, the second day, the opening tutorial was given by prof. Peter Kochel on “Simulation (Optimisation) in Inventory Theory”. The aim of the presentation was to examine in detail the applications of simulation in Inventory Theory. The considerations started from the original literature and related applications, where simulation was used as some kind of a last resort, where mathematical modelling approaches were not applicable. The discussion pointed out why, and in which cases, simulation is required by and successfully applied in inventory theory. The possibilities to combine simulation with optimisation algorithms was finally explored and commented, arising questions such us which elements and features a simulation model should have in order to suit the simulation-optimisation in inventory theory. 

Then, prof. Kochel introduced the presentations by Cheaitou Ali (“Finite Horizon Dynamic Nonstationary Stochastic Inventory Problem with Two Production Modes: Near-Myopic Bounds”) and Cleopatra Bardaki (“A Multiple-Product Joint Shelf Replenishment RFID-enabled Decision Support System for the Retail Industry”). In his paper, Cheaitou Ali modelled the differences in procurement costs in a multiperiodic planning setting. He proposed a model with the possibility of fixing two orders at each period: the first order with a fast production mode, allowing an immediate delivery, and the second order with a slower production mode, that has one period delivery delay. He explained how the slow production mode could reveal less expensive and, thus, more attractive from this point of view. A discounted backlog model, with proportional production, inventory holding and shortage costs, was also presented and discussed under the assumption of period dependent costs. The demand profiles were assumed as random variables with probability distribution functions that are independent and, possibly, different from one period to another. Upper and lower bounds were also introduced for the optimal decision variables, extending a known heuristic so as to find an approximation for optimal order sizes. Numerical examples showed the efficiency of the approximations proposed.

Cleopatra Bardaki’s presentation, motivated by the perennial OOS problem in retail industry and the exciting capabilities of RFID technology, proposed a multiple-product joint shelf replenishment RFID-enabled DSS, with the ultimate goal to improve product availability. Three alternative scenarios (Base, Medium and Full) of the RFID-Enabled DSS were described, based on the application level of tags (pallet/case/item level), the location of the tag readers and the implementation costs. In addition, a multiple-product, single-echelon joint shelf replenishment model was introduced, with shortages allowed, or not, and two decision variables: the shelf replenishment cycle and the product shelf space. Cleopatra Bardaki concluded that the exact analysis shows how it is optimal, for the retailer, to operate without shortages, assumed that demand is constant. Further, shortages allowed, the least profitable product(s) should not be traded at all. The exact analysis approach provided a shelf replenishment cycle for each product; a value of shelf space allocated per product and a closed form solution to the product assortment problem, too. She explained that the analytical model is integrated with the decision-making algorithm of the RFID-enabled DSS, so as to suggest a cost efficient joint shelf replenishment cycle for the products of a department. Real Point-Of-Sales and shelf space allocation data of a retail outlet were proposed and used to evaluate the functionality of the model and to suggest new cost-efficient shelf replenishment cycle and shelf space allocation for the products themselves. 

In the afternoon, prof. Clay Whybark introduced other three student’s studies: “A retail inventory system with lost sales and a service level criterion” presented by Marco Bijvank, “Lot sizing within a random yield environment” presented by Tobias Schulz and “An analytic approach for performances evaluation of multi-echelon production/inventory systems” presented by Leonardo Paolini. 

Marco Bijvank brought the attention on competitive retail environments, showing how, differing from classical inventory models, they are currently characterized by service levels, tight and fixed delivery schedules, no fixed order costs and lost sales during stock outs. Consequently, he considered a base stock policy in a periodic-review lost-sales inventory model, where lead times are constant and less than the length of a review period. He developed both an optimal and an efficient approximation procedure, so as to define S and its lower and upper bounds, such that service constraints are met. Finally, he showed how these newly developed methods are required to contemporary deal with all of the mentioned trends and, by means of multiple numerical experiments, how they outperform classical approaches.

Tobias Schulz faced a closed-loop supply chain problem as an extension of a reverse logistics system in which assembly and disassembly operations are jointly considered with a multi-level inventory system. As an input for the remanufacturing process, the exhausted products are to be disassembled in order to recover the required components. The contribution develops simple policies that include the possibility to incorporate deterministic as well as stochastic yield fractions, since the number of recoverable components is not always known for certain. Commonly to all of the policies discussed, the required parameters are determined, such as the disassembly cycle length and the number of manufacturing and remanufacturing lots. To this end, the entire inventory system and its relevant costs (fixed order costs and holding costs) were analysed, using the average cost approach. While calculating these parameters, the order sizes and times were assumed fixed as well. The analysis offered revealed how the error, determined by using a deterministic equivalent instead of a stochastic analysis, appears to be rather small, when the coefficient of variation of the underlying yield fraction distribution is small, too.
Leonardo Paolini presented an analytic approach to the performance evaluation of multi level systems; he proposed a mathematical model based on the proprieties of Markov Chains. Furthermore, he involved Phase Type distributions in order to get a better statistic representation of the system behaviours. Starting from the consideration that an exact analysis for complex system is not practicable, he applied a decomposition procedure leading to an effortless solution. After that, a linking procedure was introduced in order to replicate the working behavior of the original system. The production/inventory scenario, objective of the investigation, was built on a supplier and a production plant, which directly faces the customer demands. More in detail, the production plant was described by an incoming good warehouse, a production line and a final product storage place. He assumed the demand as a Poisson distributed one, while Continuous Review (R,Q) and (R,r) replenishment policies worked among facilities. According to these requirements, the author analysed the probability distributions of the inventory level of all warehouses in the long term, in order to evaluate the performance indicators of interest. He investigated two different cases: the first one considering a backordering policy and a second one where lost sales are considered. The outcomes of the analytical procedure were compared to the simulation results of a model implemented using ARENA 10.0® (by Rockwell Software Inc.).

On Wednesday, August 1st, prof. Jacob Wijngaard opened the third day of the Summer School with a tutorial dealing with the “Models for production planning and control”. The discussion focused mainly on the efficacy of modelling complexity, pointing out how the modelling efforts to support production planning and control show an ever increasing level of detail and complexity. Starting with a simple model that covers only one characteristic feature of a production situation, it is thereafter possible to lead to a whole field of models exploring this characteristic feature in more complex situations. Prof. Wijngaard explained how models nibble at the huge gap with reality, but it is questionable whether this gap is substantially reduced by the successive models and, with each new modelling choice, the area of applicability is also getting narrower and narrower. General models, whatever their complexity, can never be translated right away into decision making for a real situation: hopefully, the models lead to rules and insights that can be used in real situations. Therefore, the tutorial explained that the models are not “final products”: they are rather “modules” or “standard components” that can be used in realizing adequate planning and control for specific, practical situations. Prof. Wijngaard concluded discussing which consequences this has for the type of models that is needed: the claim is that it is better to look for insensitivities than for sensitivities and that models need to be simple. The models have to focus on first order effects: the specific situation has always specific features that are more important than the second order effects in the general models. 

After his tutorial, prof. Wijngaard introduced Cerag Pince’s study “An inventory model for systems with random deal orderings and partial backordering”. Basically, the study was a classical inventory theory paper, well embedded into earlier work and well worked out into optimal operating characteristics. A single item continuous review inventory system was considered with random deal ordering, in which the supplier, besides regular prices, orders discounted prices at random points in time. The demand was assumed to be deterministic and partial backordering was allowed, too. The (r, R, s, Q) policy inventory system allowed the system control. The procedure aimed at deriving the exact expressions for operating characteristics of the model and find exact, closed form expressions of the policy parameters so as to adopt an analytical optimization. The morning session continued with Ingrid Vliegen’s presentation: “Approximate evaluation of order fill rates for an inventory system of service tools”. The contribution was very well embedded in practice: a real engineering paper discussing a complicated problem in maintenance (dealing with the analysis of a single-location, multi-item inventory model for service tools, in which coupled demands and coupled returns occur), solved by a variety of different techniques. She distinguished multiple Poisson demand streams. For each stream, a given set of tools is requested per demand. The focus was on the order fill rates, i.e. the percentage of demands for which all requested tools are delivered from stock. Requested tools, not available on stock, are delivered via an emergency channel and, therefore, they may be considered as lost sales. Delivered tools are returned to the warehouse after a deterministic return time, assumed as identical to all tools. The study develops three approximate models for the order fill rates, which are Markov-based models. One approximation model appeared to give an underestimation in all computational tests, while the second one led to an overestimation in all of the tested instances. The last approximation model combines the other two. Such an approximation model proved to be very accurate and efficiently computed. Hence, it is appropriate for usage in multi-item optimisation algorithms.

On Wednesday afternoon, prof. Villarreal Bernardo (Universidad de Monterrey) chaired the session, which began with Daniel Kaiser presentation: “Heuristic parameter determination for a periodic review base stock policy in dual sourcing under a service level constraint”. In his study, the author analysed a model with random demand and two supply options with deterministic, but offsetting, lead times and different unit procurement prices. He also proposed a new heuristic, aiming at reducing the excess inventory by keeping flexible base stock levels and assessing their values simultaneously, depending on the cost structure present. An algorithm was presented, showing how it allows a computation of the heuristic parameters which is easily implementable in a spreadsheet model. Validation by simulative approach confirmed how the heuristic proposed, in general, performs better than the other existing ones, while requiring only a slight improvement in the computational effort.

The presentation was followed by Francesco Zammori’s study: “A standard contractual form for VMI agreements”. He explained how Vendor Managed Inventory (VMI) is a logistic strategy intended to cut costs and to reduce inventory levels, by integrating operations of adjacent tiers of a supply chain. However, if the agreement is not accurately designed to fit the needs of both of the contractors, VMI may result in an extra burden for the supplier, due to an increase of the workload and of the inventory carrying costs. Such an aspect is widely addressed in the study, which identifies and analyses the key features that must be defined to assure a ‘win-win’ relationship through the adoption of VMI. Next, these features are used to develop a standard contractual form, which can be used as a guideline for the initial formalization of the agreement. So as to assure a high degree of flexibility, the structure of the contract has been divided into generic exhibits, covering the legal and the generic sides of the agreement, whereas the technical features (needed to effectively implement VMI) are addressed in the contract enclosures. By this way, the technical specification can be easily modified to fit specific needs, and it can be recalled in the exhibits whenever needed. 

The third day of the Summer School ended with an interesting industrial case presentation, which was based on the experience of Dr. Helmut Kirchner, founder of Cybertec company, who, after an academic experience, started to solve industrial problems on production planning, scheduling and industrial organization. The experiences brought and the practical issues covered lead to a lively discussion between the participants to the School and the company managers.

On Thursday, prof. Peter Kelle held a tutorial on “Healthcare supply chain management: specifics, solutions, and challenges”, written with H. Schneider and S. Wiley-Patton. The relevance of the topic is common sense but, traditionally, healthcare systems paid little attention to the management of inventories and Supply Chains (SCs). Recently, the tendency has changed and publications show the increasing interest for managerial and quantitative aspects of health care. Starting from literature, prof. Kelle summarised the specifics of health care SC management, together with the available solutions and emerging challenges for the health care providers: different countries, stakeholder’s objectives and conflicting goals were compared, too. Prof. Kelle continued showing how several papers focus on practical issues, rather than developing innovative models or performing quantitative analyses. Therefore, inventory models were organized and discussed according to their relevance to health care problems. As a natural consequence, missing areas and remaining problems were also summarized to show new avenues for research. Prof. Kelle conducted the audience into practice, presenting the meaningful case of a local hospital in Louisiana (USA), describing the SC decision structure and the different often conflicting goals in the decisions of the different entities involved. Within the same case, the pharmacy inventory management system was described in detail and different inventory models were suggested for improvements in the different parts of the pharmacy SC. 

After his tutorial, prof. Kelle introduced two phD student’s presentations: “Coordinated replenishment in a two echelon inventory systems with transportation capacity” by Nasuh Cagdas Buyukkaramikli and “Integrated pricing and inventory control with reference effects” by Lisa Gimpl-Heersink. The first study introduced the problem of an integrated fleet size design and its operation problem solution. The aim was to minimize the expected cost rate function with respect to several system parameters. At first, a single-echelon setting was studied with reference to multiple retailers under a quantity-based joint-replenishment policy. A limited fleet of capacitated trucks was assumed for the transportation of the orders from the ample supplier, modelled as a queuing system. Operating characteristics were derived and the objective function was studied by numerical methods. Therefore, the model was extended to a two-echelon inventory system, where the warehouse employs an (S-1, S) inventory policy. The departure process from the warehouse inventory system was characterized, as it also represents the arrival process to the transportation units delivering the warehouse orders to the retailers (this process was described by an Erlang Process). Several numerical studies were proposed so as to assess the sensitivity of the expected total cost rate with respect to the system and cost parameters, as well as the performance of the approximation. As a comprehensive comment to the study, a large array of quantitative tools was applied on a professional way and the detailed sensitivity and numerical analysis supported the managerial consequences of the models.
The following contribution, presented by Lisa Gimpl-Heerink, dealt with dynamic pricing: a topic that has an increased importance with the recent growth of online shopping. This fact motivates the need for extending demand models where customers not only react to current prices, but also to the deviations from a reference price formed on the basis of past purchases (i.e., the current price is perceived as a discount or surcharge relative to this reference price). Thus, immediate effects of price reductions on profit have to be weighted against the resulting losses in future periods. The author formulated a stochastic dynamic problem with reference price effects and provided sensitivity and structural analysis of the optimal pricing and inventory control policy. Furthermore, she investigated whether new properties of the optimal policies are present with respect to the reference price as a new system state. As a result, she offered structural properties of the optimal solutions, analytically derived, for the two period case, using a linear demand function. Further insights were given for the multiple period case by numerically solving the dynamic program. The impact of several demand functions and various probability distributions on the optimal solution were therefore examined.

In the afternoon, prof. Clay Whybark presented his research on humanitarian logistics, giving a wide panorama of the problems and challenges that the peculiar case of humanitarian aids offer. The great significance of the problem considered and the stimulating presentation lead to a wide discussion which also focused on the opportunities for new research in the field.

Prof. Karl Inderfurth opened the last day of the Summer School with his tutorial: “Contracting in supply chain management”. He explained how traditional inventory control in Supply Chain Management (SCM) is focused on situations where a single actor is able to make all decisions centrally, in order to optimise the SC as a whole. In a SC with independent companies (like manufacturers and wholesalers), which follow individual objectives and have limited SC information, a main question arises on how decentralized and distributed inventory control may take place so as to achieve a SC optimum. So as to reach this goal, a significant mean is to align the objectives of the different SC actors by introducing and implementing appropriate SC contracts. Therefore, the tutorial offered a wide overview about the theory of contracting in SCM, starting with basic contracts for simple two-stage SC situations and proceeding on advanced contracts for more complex SC environments, showing modelling features, perspectives, expected outcomes and predictable performances.

After his tutorial, prof. Inderfurth chaired the last School session, which included the contributions by Nicola Saccani and Said Dabia.

Nicola Saccani presented the work entitled “Spare parts classification and inventory decisions. A preliminary study”, dealing with decisions concerning stock allocations, inventory control policies and parameters, which should vary according to part features and criticality. The author presented an analysis of the features, related to spare parts, which mainly influence the inventory management decisions, resorting to a literature review. Then, the case study of a company, manufacturing construction equipment, was presented. The spare parts classification method adopted by the company and its implications on inventory decision (in particular, concerning where and how much to stock) were analyzed and discussed. Finally, the literature review and the case study allowed to draw some considerations and to suggest areas for developing future research.

Said Dabia presented his work “Stochastic inventory policy with limited transportation capacity”. He considered a stochastic single-item inventory problem and a replenishment policy was proposed to determine order quantities, taking into account transportation capacity and aiming at minimizing total average cost. Every period, an order quantity is determined, based on an order-up-to logic: if the order quantity is smaller than a given threshold, then the shipment is delayed. On the other hand, if the order quantity is larger than a second threshold, the initial order size is enlarged and a full truckload is shipped. An order of a size between these two thresholds results in no adaptation of the order quantity and the order is shipped as it is. The author illustrated how the proposed policy performs closely to the optimal policy and much better than an order-up-to policy without adaptations. Moreover, he showed how to compute the cost optimal policy parameters exactly and how to compute them by relying on approximations. In a detailed numerical study, the results obtained by the heuristics were compared with those given by the exact analysis, observing a very good cost performance of the proposed heuristics.

The general feedbacks on the School, as received by the chairmen and other senior participants, were extremely positive. The topics discussed, though differing in methods, approaches and subjects, met the aims of the School, frequently addressing new and challenging research lines. The participants could appreciate the professional use of quantitative tools and analytical models, also used to support managerial implications and to outline sharp insights. Comments included a general appreciation for paper presentations, excellent both in quality and communication. In fact, almost all of the presentations resulted as well structured, agile and clear and they achieved the permanent attention of the audience, making leverage on fluent talks and captivating drawings. Theoretical results and evidences were presented so as to facilitate comprehension and, where applicable, potentials for implementations. We feel that we may generalise the opinion by one of the chairman, who wrote that the sessions were “nice and inspiring” and that they “made me proud of being part of this community”. But the discussant contributions were appreciated, too. The work done by the discussants was frequently astounding, offering very good ideas for improving both presentations and papers. Frequently, the discussants’ questions paved the way to the following debate. The chairmen and the organisation congratulate the audience for their attention and participation at the end of each presentation: all the suggestions were very constructive and positive. In several cases, the audience acclaimed the nice results and provided participated suggestions for improvement and extensions. It is also necessary to congratulate the group of leading senior researchers for their great and valuable contribution to develop high quality researchers for the future.

