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ABSTRACT

This paper presents a method for modeling the dynamic behaviour of food supply chains and evaluating alternative designs of the supply chain by applying discrete-event simulation. The modeling method is based on the concepts of business processes, design variables at strategic and operational levels, performance indicators, and business entities, as these concepts allow relevant aspects of a food supply chain to be described and modelled. The method is tested in case studies that resulted in major performance improvements. The simulation models are validated by expert testing and field tests in which simulated scenarios are implemented in real life. 

SUPPLY CHAIN MODELING

The objective of our research is to obtain insight into the applicability of the concept Supply Chain Management (SCM) in food Supply Chains (SCs) from a logistical point of view, and to find a method to analyse and, if beneficial, reengineer the SC to improve SC-performance. As a part of this research, this paper presents a method for modeling the dynamic behaviour of food SCs and evaluating alternative designs of the SC-infrastructure and operational management and control by applying discrete-event simulation. Our working definition of a SC is based on the definition Christopher (1992). We view the SC as the series of (physical and decision-making) activities connected by material and information flows that cross organisational boundaries aimed at producing value for the ultimate consumer. Consequently, SCM is the integrated planning, co-ordination and control of all logistical business processes and activities in the SC to produce increasing value in the form of products and services for the ultimate consumer. We define a SC-scenario as a specific way of managing all business processes in the SC. That is the combination of decisions concerning the policies to be used, processes to be performed, technologies to be implemented, and so on. 

SUPPLY CHAIN MODELING FRAMEWORK

In order to evaluate the impact of SC-scenarios on SC-performance all relevant aspects and mechanisms of the SC should be modelled. Therefore, when building a simulation model of a real system, we must define a modeling framework. That is a set of basic modeling constructs and their possible relationships required modeling the behaviour of the SC completely. One should identify all events, facilities, equipment, operating rules, state variables, decision variables, and measures of performance that will be part of the model. The decision on how much of the real system should be included in the conceptual model to bring about a valid representation of the real system must be jointly agreed upon by the simulation analyst and the SC-decision makers. Figure 1 depicts an overview of the modeling framework we developed for modeling food SCs. It departs from the following general assumptions:

· We view the SC as a series of actors that fulfil certain roles. Each actor performs multiple business processes and a business process may be defined as a system comprising sub-systems (system hierarchy);
· We view the SC as a network of business processes with precedence relationships.

· We pay attention to the functional behaviour of the (sub)system(s). We are interested in the interfaces between business processes, i.e. the inputs and outputs. For example, total order pick time and the possibilities for errors. 

· We are interested in the performance of the SC-system within certain time frames. We view the SC as a dynamic system with changing performance characteristics especially when the time frames considered change.

The simulation model should be able to simulate system behaviour under various conditions. Therefore, it should embrace all kinds of characteristics of the dynamic situation at hand. 
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Figure 1 Logistic Modeling Framework for modeling a SC.

A business process is defined as a “structured measured set of activities designed to produce a specified output for a particular customer or market” (Davenport, 1993). Examples of business processes are ‘order generation’, ‘order picking’ and ‘distribution’. In the SC we distinguish between physical, administrative and decision making processes. The exact definition of a business process depends on the level of detail. Each type of business process is modelled as a transformation process where inputs (goods, information, policies) are transformed by place, form and/or place. Input variables of business processes are either controllable or uncontrol-lable by the decision-maker. Controllable variables can be manipulated by the decision-maker and are called design variables (e.g. order policy and safety stock levels). Uncontrollable variables are called parameters (e.g. customer demand). The designation of an input variable as either of the two depends to a large degree upon the resources under the control of the decision-maker involved. Thus the model and the subsequent analysis of the same system may be quite different depending on where in the organisation the study is performed. 

When modeling a supply chain we see a continuous process of the creation and flow of transitions of business entities, which means a conversion of place, time and state/content. A business entity is used to represent an information flow and/or goods flow, or it may represent the availability of certain capacities of resources (machines, labour). It is therefore a complex, well-identified entity with a set of descriptive attributes. 

SYSTEM DYNAMICS

The SC-model should be capable of calculating System State at each moment in time in order to calculate SC-performance. This requires the capability to register the state, time and place of each business entity after each transition. The dynamic character of the model is expressed in a number of equations, which calculate values for local model variables during a transformation process. We model the supply chain as a network of administrative and physical logistical activities with precedence relations in time. The business entity that is the output of one transition forms the input for the next transition. In this way the timing of each transition (logistical process) can be arranged, and throughput times of processes and waiting times can be calculated. There is a schedule of pre-set times at which processes (such as ordering, inventory control) may start, and must be completed. Further, we may distinguish fixed and variable processing times per business process, depending on the content of the entities to be processed (for example the number of products to be picked). Finally, processes exhibit parallelism, i.e. activities of a process may occur simultaneously with activities of other processes. 

CONCLUDING REMARKS

In order to test the applicability of our modeling framework we used two different simulation tools to model and simulate the dynamic behaviour of two food SCs in the Netherlands. Each SC consisted of a manufacturer with processes for ordering and supplying products. Second, a distributor with processes for ordering at and receiving and storing products supplied by the manufacturer, further an inventory control process at the DC, and finally order processing and delivery to satisfy demand from retail outlets. Third, we discern multiple retail outlets that sell products to customers, order products at the DC and subsequently receive supplied goods to fill up shelves in the store. Both a simulation study and a field test were used to identify a best practice SC-scenario depending on the SC-objectives. The field test identified the organisational and infrastructurel restrictions for the SC-scenario whereas the simulation study evaluated the SC-scenarios on multiple SC-performance indicators. In both case studies project teams were established comprising key participants from SC-participants that followed and approved the construction of the model. Both project teams concluded that the models did predict probable trends and were able to determine performance changes as SC-scenarios were changed. Furthermore, these dynamic models allowed the project team to make a trade-off between SC-scenarios. 

At the moment we have built several generic building blocks that represent characteristics of a class of SC’s that have been designed using the business-process ontology (Vorst et al, 2000). Our experiences so far indicate also that designing and building a generic simulation model and building blocks using ExSpect (van Hee, 1994) and ARENA (Kelton et al., 1998) is a good approach to improve both the quality and efficiency of specific modeling processes. Furthermore, application of these models have lead to substantial improvements in real life SCs.
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