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Abstract

Information sharing is a key enabler for supply chain management. The type of information required depends upon the supply chain problem to be solved. In this paper, supply chain problems taxonomy is proposed as the theoretical basis for designing information required for problem solving. Problems taxonomy provides the overall framework under which problem-oriented information system components can be designed, and implemented. Supply chain problems taxonomy comprises, (a) classification of supply chain problems, (b) classification of problem solving methodologies for supply chain management, and (c) hierarchical classification of variables or factors necessary for dealing with problems.
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Introduction

Information system (IS) is to be designed to support activities and processes that are necessary to carry out management of supply chain (SC) system. Supply chain management (SCM) requirements for IS design are viewed as the development information models to facilitate problem-solving to eliminate or alleviate the bullwhip effect. Among other problems, demand forecasting, inventory control, and scheduling have been discussed herein.  IS requirements can be formulated as necessity of knowledge modules that carry information about problems. Problem taxonomy (PT) aims to serve as the methodology for creating, accessing, and utilizing problem specific knowledge. PT is a synergy of two initiatives: system taxonomy [1] and ontology driven knowledge design [2]. The main goal of this paper is to propose a problem-oriented information-modeling framework to support decision-modeling system (DMS) in formulating and delivering the right information, with the right data, and in the right format. 

Information modeling for a bullwhip effect problem and its relationship to other problems such as, forecasting and inventory management in supply chain are elaborated in this paper. An understanding of modeling requirements for these problems is key to building knowledge modules to be represented as supply chain Ontologies, which carry problem oriented knowledge necessary for its examination and solution. An example of supply chain problems taxonomy implementation as a web-enabled knowledge portal is offered. It can be used in a problem-solving environment to find problem relationships, possible solutions based on various criteria, and necessary parameters required for modeling and analysis of the problem.

Supply chain information needs analysis: the bullwhip effect 

SC IS needs can be analyzed based on what problems are going to be solved. When the problems are identified, required information can be defined to facilitate problem solving. Many supply-chain related problems can be attributed to lack of information sharing between supply chain members. One important observation in supply chain management, prominently known as the bullwhip effect, suggests that demand variability is magnified, as it is further upstream in the supply chain. The bullwhip effect is an important concern in supply chain management for several reasons. First of all, the increased order variability requires each supply chain member to hold excessively high inventory levels in order to meet a fluctuating demand pattern. Secondly, despite the overall overstocking throughout the supply chain, the lack of synchronization between supply and demand could lead to complete stock-out at certain times. Finally, the bullwhip effect increases not only the physical inventories but also the operating costs. Lack of information, or distorted information in SC may lead to inefficiencies: excessive inventory investment, poor customer service, lost revenues, misguided capacity plans, inactive transportation, and missed production schedules [3]. The phenomenon of information distortion in supply chain results in the bullwhip effect, and is one of the fundamental problems. To solve the bullwhip effect problem, SCM decision-making tools need to be designed to investigate its possible causes and effects and utilize methods for reducing its impact. We view SCM problems, as a pyramid, on top of which is the bullwhip effect with underlying SCM issues, which, in turn are connected to other issues. By logically connecting all problems to each other, we can identify SC information needs and represent these as taxonomy, based on which functional requirements can be formulated.

Problem identification that contributes to SC bullwhip effect highlights various information sharing strategies that can be applied for providing integration along the SC. Four types of strategies are specified by Li, et al. [4]: order information sharing, demand information sharing, inventory information sharing, and shipment information sharing. 

In order information sharing, each stage of the supply chain does not know the status of its downstream stages and forecasts are based only on the orders from its immediate downstream stage. Demand information sharing assumes total real demand visibility. Real-time demand information is transmitted from the end-consumer back through every stage in the supply chain. This means that any real change in demand can be known at all points in the supply chain. Direct sales model, sharing of point–of–sale (POS) data, and collaborative planning and optimization belong to this type of information sharing. In inventory information sharing, each stage contracts to share its information with only the next supplier up the chain, thus representing a compromise between the two extremes. Here, each stage of the supply chain shares information about its inventory and actual demand with its supplier. This strategy is currently common in the grocery and fashion retailing industry. Vendor managed inventory (VMI), schedule-sharing window, and continuous replenishment belong to this type of information sharing. Shipment information sharing assumes that each stage knows its downstream customer’s shipment data. For instance, in the computer industry, manufacturers, such as HP and IBM, request sell-through data from their resellers’ central warehouses.  

Bullwhip effect surface level investigation reveals four problems that have to be analyzed and solved in SC to facilitate information integration through sharing problem specific data. These four problems are forecasting, inventory control, ordering, and scheduling.  Further examination of bullwhip effect and above related issues will bring into attention other SC problems, such as network configuration, product development, etc. New problems can be formulated by decomposing those issues into sub-components, such as SC network configuration can be decomposed into supplier selection and transportation problems. Information sharing strategies define issues and problems upon which information models can be designed and shared across SC to support strategy implementation. 

Problem-Oriented Information organization

The ontology-driven approach introduced in [2] assumes problem representation as ontological constructs. According to it, ontology consists of three parts: characteristics, rules describing relationships among those characteristics and their constraints, and algorithms for solving the problem for which the ontology is designed. IS requirements analysis is nothing more, but identification of these three components for each problem. Analyzing problem-oriented nature of activities and processes in SC, IS requirements can be formulated as necessity of knowledge modules that carry information about problems. Problem taxonomy (PT) aims to serve as the methodology for systematic representation of problems and tasks by applying classification taxonomic schemas, and formulating problem specific knowledge in the form of objects. Knowledge objects delivered to decision-making tools can be used directly by software applications. These objects encapsulate knowledge about a particular problem. Evaluating each problem in isolation of other issues, may lead to wrong solution. System approach applied to problem taxonomy development means considering SC domain as a whole, where problems are discussed in relation to each other.

The proposed problem-oriented approach is depicted in Figure 1. SC domain is represented as system taxonomy, which defines the structure and vocabulary of system characteristics. Variables taxonomy carries information about each variable used in decision modeling environment (DME). These are input, output, factors, and constraints for the decision model related to a domain problem. Problem classification is the hierarchy of SC problems. Problem methodology classification is the taxonomy of problem-solving policies. Various policies can be applied for solving each problem. By implementing these policies, methodologies define the algorithm according to which the problem can be handled and solved. Problem model development is information modeling aspect, concerned with ontology development. 


[image: image1.wmf]SC domain

Variable taxonomy

Problem Classification

Problem Methodology 

Classification

Classification criteria

Problem Modeling

Methodology selection


Figure 1. Problem taxonomy framework

Problem Classification

Problem classification development encompasses identification of SC managerial problems, and classifying these in taxonomy. Analysis of bullwhip effect reveals many SC managerial issues, which, at the top level can be classified in three groups: inbound, production, and outbound logistics. For further classification of managerial issues, various sources, such as procurement, plant maintenance, etc. are utilized. 

A problem classification schema is depicted in Figure 1. SCM problems are collected under the umbrella of three types of logistics: inbound, production, and outbound. Classification of problems is done according to their similarities. Purchasing, supplier scheduling, vendor management, etc are clustered in Procurement class. Production logistics package contains six classes: Production planning, Product and processes, Quality, Shop floor control, Inventory control, and Plant maintenance.  These classes contain problems and issues as properties. Outbound logistics is a package that incorporates problems related to Sales and marketing, Order management, and Customer service activities. These are classes containing problems related to their activities. This classification hierarchy of SCM problems can be further decomposed into smaller problems and more classes. The smaller the problem, the less complex and more tangible it becomes. Accordingly, it is easier to model small problems. On the other hand, making problems smaller, we may distort the integrity of SCM issues for which information models are to be designed. There should be a compromise between complexity and integrity. 
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Figure 2. Problem classification

Methodology classification

Two problems are examined in terms of finding policies that can be applied for solving them: Forecasting and Inventory management.

Forecasting 

With so many forecasting techniques available, which one is appropriate for a specific situation? Criteria can help make this decision. The first question that is to be asked is the type of demand. The second criteria, “method category” selection can be done by evaluating dynamics of demand and by estimating importance of past data. In various stages of SC, different methodologies are appropriate. Forecasting policy taxonomy is depicted in Figure 3. Four demand types are identified: Seasonal, stationary, demand with distribution, and stochastic. The forecasting methods can be categorized in five types: time series, causal, judgment, market research, and Bayesian technique reasoning.
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Figure 3 Forecasting policies
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Figure 4. Inventory policies

When demand is seasonal, it can be predicted based on the season of the year. Swimsuit and warm gloves are typical products with seasonal demand. Stationary demand assumes that it does not change over time, so there is no necessity to forecast it. Dairy products are examples of this type. When demand is with distribution, probabilistic approach can be applied with a distribution function, such as mean and standard distribution. Stochastic demand is random and unpredictable. Collecting data, and based on them a demand structure can be built [5]. The last type of demand is the most difficult to forecast, and vast body of research is devoted to it. 

Inventory control

Inventory control can be managed centrally or in a distributed manner. These two strategies are critical for SCM, since approaches for handling inventory are different for centralized and decentralized systems. Centralized control assumes managing inventories in multiple facilities connected to each other in echelons. Echelon inventory management techniques can be applied for centrally managing inventory in SC. However, most of the inventory models are for a single facility. To implement these models, decentralized inventory control can be applied. The reason for having inventory is to meet customer demand, hence the nature and the type of demand is critical for defining the inventory model. The dynamics of demand mostly influences inventory decisions. If can be deterministic or dynamic. In the first case, the demand can be predicted. Dynamic demand requires more sophisticated algorithms to implement, in order to provide high customer service with minimum level of safety stock. For the latter case, the planning horizon is an important issue, which can be single or multiple. This defines, if the period, for which inventory is managed, is one or many. Another important aspect in choosing inventory model is the dynamics of inventory control itself. It can be checked and updated on-line basis (continuous), or on daily, weekly or monthly basis (periodic).  

Based on above considerations, following issues are selected as classification criteria: (1) Management – centralized / decentralized, (2) Demand type  – deterministic / stochastic, (3) Planning horizon – single / multiple, and (4) Review policy – continuous / periodic. Figure 4 depicts the hierarchy of inventory policies based on these criteria. Each criterion implies application of a corresponding method for inventory control.

Problem Model

Problem model formulation is the second stage in knowledge modeling conceptual framework, discussed in [2]. The framework is depicted in Figure 5.
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Figure 5. Problem modeling framework

Domain model corresponds to SC system taxonomy [1]. SC system taxonomy can serve as dictionary or reference book for problem specific information models or domain space representation. Domain space is a problem or a set of problems that cannot exist without each other, such as scheduling should consider configuration problem, while the latter can exist without the former. Problem model taxonomy identifies domain space, and creates an instance from system taxonomy class. Problem taxonomy is a problem domain theory that specifies problem-specific vocabulary of entities, classes, properties, predicates, and functions, and a set of relationships, that necessarily holds among those vocabulary items. Problem taxonomy provides a vocabulary for representing knowledge about a problem and for describing specific situations in a domain. These can be used as building block components of knowledge bases, object schema for object oriented systems, conceptual schema for databases, structured glossaries for human collaborations, vocabularies for communication between agents, and class definitions for conventional software systems: ontology development.

Splitting problem representation modeling into two parts provides the means for developing templates that can be applied to different specific situations. Templates correspond to generic problem taxonomies. Concrete applications can use information models provided by domain problem taxonomies. An example of configuration problem can be illustrated as a generic problem, and scheduling issue in configuration problem can be taken as an example of a specific problem.

Problem taxonomy implementation

A prototype of knowledge portal (KP) is developed as a WEB ASPX application (ASP.NET). The primary purpose of the portal is to provide SC members with an integrated access to knowledge related to SC problems. The main functionality of Web application is problem ontology retrieval, which is the place where users can navigate, search, and browse problem-ontologies. Problem ontology retrieval facility consists of three components: problem taxonomy, problem policy, and knowledge retrieval interfaces.
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Figure 6. Knowledge portal 

Problem taxonomy is an implementation of problem hierarchy, depicted in Figure 2, in a menu structure. At the top level there are three menus: inbound logistics, production logistics, and outbound logistics. Each of these sections contains the list of other problems, or their groups. Hierarchical organization of different problems and issues is used to construct a dynamic tree, where users can navigate and choose one by clicking on it. Problem model taxonomy will be open in a new window presenting possible algorithms for a particular problem.

Problem policy selection interface presents problem policy taxonomy depicted in Figures 3 and 4. This is another hierarchy for possible policies and corresponding algorithms. In KP, Inventory and Forecasting problems policy taxonomies are implemented as depicted in Figure 7. Each leaf in this tree is a specific solution for the problem. For each leaf, one ontology is developed. Three Ontology components: data model, rules, and algorithms may be viewed in the right panel of the window. A user can choose any of them and the screen will present its content. Data model is represented as an XML file. For axioms and algorithms, extended stylesheet language (XSL) translators are developed for representing XML data structures with HTML format. Any of the ontology components can be browsed, or downloaded from KP.  
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Figure 7. Policy taxonomy interface

Conclusion

This paper studied the informational specifics of SC and proposes a novel approach for modeling information and sharing it among SC members. PT suggests problem-oriented information representation framework. This framework consists of problem classification, policy classification for each problem, and problem model development for dealing and implementing each policy. Theoretical foundations are elaborated along with a prototype for software implementation. 
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