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Abstract 

This paper describes the work carried out during the development of a knowledge-based support 

tool which incorporates the element of a planner's experience or informal knowledge. The 

foundation for the incorporation of informal knowledge into a decision support tool is the reuse of 

knowledge within an organisation which has the potential to grow from within, continuously 

learning and reapplying solutions which have been proven to work in the past. If a repository of 

informal knowledge is developed, then the valuable experiences of the expert human scheduler are 

never lost to the system. 
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1. Introduction 

Reactive or real-time ::;cheduling is one of the most difficult tasks which many production planners 

and supervisors must tackle in everyday work Ensuring that production runs smoothly with minimal 

disruption keeps most planners thinking on their feet throughout their working life. Proposing 

possible solutions to new problems requires a high degree of understanding of the system within 

which they work Schedulers and planners very often employ a substantial amount of intuition and 

experience in this process of problem solving and decision making. A human scheduler's experience 

and skill in solving problems accumulates over time and this skill benefits the production system as 

long as the scheduler remains an active part of it. However, if the scheduler leaves, then a new 

scheduler must develop his own experience within the system. This informal knowledge is generally 

personal in nature, usually unshared, and very often of great benefit to the system itself if applied in the 

correct fashion. Thus it may be described as informal, or as a "trick of the trade". Without doubt, as long as 
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manufacturing systems have existed, so too has informal or soft knowledge within those 

systems. This informal knowledge is used daily by production planners as they encounter and 

attempt to solve different problems during the production process. 

Hamacher [HAM91] identifies experience as a resource which needs time to grow and 

improves with age, and says that such resources can and must be hired, trained and motivated 

to be available. In describing an experience loop, he states that if someone has experience, he is 

able to use this experience to manage situations. Therefore, an existing level of experience can 

be used to generate new experiences. These new experiences can be gained either by direct 

actions, trying something new or by exchanging experiences by interaction with other people. 

These new experiences will then of course raise the level of existing experience and the loop is 

closed. The end result of experience is knowledge or the ability to understand and recognise a 

similar situation and to avoid making the same mistake twice. Thus, in a similar way informal 

knowledge may be "passed on" to subsequent generations of production planners. As time 

progresses, the wealth of knowledge possessed by the system continually grows with each 

planner. Thus a system is continually learning, benefiting and growing from within. The idea of 

a learning system encourages the development of a repository of experience or knowledge 

within the system. 

The object of this paper is to describe the development of a knowledge-based support tool 

which stores and uses this informal knowledge to support reactive scheduling. Informal 

knowledge in manufacturing in general is discussed, the knowledge-based support tool is 

described in terms of the information it stores and its functional elements and a description of 

using the prototype is given. 

1.1 Reactive Scheduling and Knowledge-Based Support 

Scheduling has been advanced to the stage where it is a well defined function of the production 

planning and control system. Currently, software systems are available which can generate 

schedules and provide powerful graphics tools to display the results. however, practical 

scheduling usually has to react to many unpredictable events and uncertainties in the 

manufacturing environment. This identifies the two activities of Predictive Scheduling which 

involves the generation of the initial schedule for production planning, and Reactive Scheduling 

used once the schedule is committed to production to react to any unexpected events which 

may arise. This problem of updating schedules in the most effective way when the constraints 

on which they are based are changed or invalidated is one that is receiving increasing attention 

[DOR93]. 
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Reactive scheduling is an incremental revision process that operates on a complete but flawed 

schedule [DOR93], [SYC93], [SZE93]. Reactive scheduling approaches represent a first 

attempt to overcome the complexity of industrial shop floor scheduling problems and make the 

scheduling results more applicable in practice [SZE93]. Much work has been completed in the 

area of predictive scheduling and researchers are now turning their attention to the difficult 

process of reacting to unexpected events which occur during a production process. 

Various approaches to reactive scheduling are under investigation. Dorn et a! [DOR93] are 

reviewing the use of fuzzy logic to determine whether or not an unexpected event is significant 

enough to warrant rescheduling. Threshold values are defined for acceptable and unacceptable 

degrees of constraint satisfaction. If the degree of satisfaction is unacceptable, then the 

schedule must be repaired. In this way, the number of modifications required for a given 

schedule are reduced and as a result, the schedule is more robust. Another researcher arguing 

the use of fuzzy logic is Schmidt [SCH93]. The objective is to diagnose critical jobs in order to 

reschedule them. As a result, the decision maker on the shop floor gets the information 

concerning which jobs must be rescheduled now, soon, later or probably not at all. Schmidt 

also comments that the control decisions based on this fuzzy logic modelling approach and 

their consequences should be recorded and evaluated for the purpose of using past decisions to 

find better solutions to current problems. 

It has been recognised that the human scheduler requires support and not replacement for the 

task of reactive scheduling. To this end, researchers are endeavouring to provide support using 

knowledge-based tools. Sycara and Miyashita [SYC93] use case-based reasoning for the 

acquisition and flexible reuse of scheduling preferences, by storing a users decision and 

schedule revisions as a case. The schedule is repaired incrementally when necessary using the 

cases stored in the system. As the case-base is increased by adding repair solutions, the system 

becomes more effective in problem solving. 

Szelke and Markus [SZE93] recognise that while some decision making and control tasks may 

be completely automated, many functions in a complex manufacturing environment require a 

design that incorporates human override capabilities. They propose a system which views 

reactive scheduling as an intelligent supervisor function with various intelligent assistance 

capabilities including knowledge-based reactive scheduling. This function utilises a knowledge

based opportunistic reasoning for schedule repair applying an appropriate blackboard model of 

problem solving [SZE93]. The learning module of the system allows the handling of 

unexpected problems and novel situations with human operator assistance. The details of this 

problem are included in the systems case-base for reuse at a later stage. 
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Currently, many knowledge-based systems use rules and frames to represent the knowledge of 

the manufacturing system. These describe the system and the scheduling algorithms used to 

produce a production plan. However McKay et a! [MCK92] point out that schedulers do not 

always schedule in the formal manner specified in the "company policy". Essentially, the 

scheduler builds up a vast store of knowledge or experience as he works with the system, and 

it is frequently this informal knowledge that he employs when developing a schedule. To 

represent this knowledge in the hope of reusing it in the problem solving process, researchers 

are using Case-Based Reasoning [CBR89]. This is a process by which the knowledge is stored 

as descriptive episodes describing problems and their solutions. These are then reused to solve 

problems of a similar nature at some future date. 

According to J.J. Kanet [KAN88], facilitating the insertion of new knowledge as it is 

discovered could benefit manufacturing logistics. This can be done by exploiting computer 

capabilities to develop systems which support managerial decision making instead of merely 

reporting on or accounting for it. This is exemplary of current trends in scheduling research 

whereby researchers are developing systems to support and not replace the human element of 

production planning. The work of Sycara [SYC90], Szelke [SZE93] and Kolodner [KOL85] 

indicates that Artificial Intelligence is becoming more prominent in the evolution of decision 

support systems. Implicitly, a decision support system should allow for the insertion of new 

knowledge as it is discovered. New knowledge is somewhat of a vagary in terms. It is more 

important that a decision support tool should allow for the incorporation of any relevant 

knowledge to the system within which it is to be implemented. This implies that the informal 

knowledge that is hidden in the recesses of expert minds should be incorporated for reuse in 

the problem solving process. This has been acknowledged by McKay, who recognises the 

importance of this knowledge in everyday production planning [MCK92]. 

2. Informal Knowledge in Manufacturing 

In a manufacturing environment, knowledge is information about the operation of that system 

which is available to a person working within that environment. Knowledge plays an important 

part in a manufacturing system. It is used to generate production plans and to anticipate and 

sense perturbations that may occur in the implementation of these plans. A scheduler has 

access to many different types of knowledge and this knowledge is used appropriately when 

required. A scheduler's knowledge may be broadly divided into the two categories of formal 

and informal knowledge. 



A knowledge-based tool for reactive scheduling 99 

Formal knowledge is available from many sources including company policy and system 

specifications. The scheduler has access to this knowledge from the first day he starts working 

with the system. Formal knowledge includes system layout, machine set-up and processing 

times, product routings and stock control procedures. The scheduler uses formal knowledge 

when developing production plans. For example, an order exists for l 00 units of product A. 

The scheduler knows that product A requires 2 units of part B of which there are only 150 

units in stock. Therefore the scheduler must order another 50 units of part B so that the order 

for product A may be fulfilled. 

According to McKay et a! [MCK92], a scheduler's knowledge is not restricted to the 

informadon arriving on his desk. Informal knowledge, on the other hand, is that knowledge 

which is accumulated with experience and through various contacts with the system. Each 

contact has the potential for providing some key pieces of information to solve the scheduling 

puzzle. This network of contacts provides the scheduler with the informal knowledge he uses 

for scheduling. He gathers this informal knowledge and applies it to production planning every 

day [MCK92]. Informal knowledge includes seasonal effects, suppliers work pattern, available 

labour skill and capacity. 

The real world is rarely stable for long periods and this causes the problem of uncertainty 

[MCK89]. It is in dealing with uncertainty that the scheduler calls upon his informal knowledge 

looking for solutions to problems. If the scheduler is a novice in the system, then dealing with 

unexpected events in production can result in poor quality decisions resulting in lost resources. 

If a scheduler's informal knowledge is captured and used to support the scheduling function 

then this difficulty of a lack of knowledge can be overcome. Informal knowledge is the key to 

successful real time or reactive scheduling. Using it the scheduler can recognise and deal with 

potential problems, he can predict the possible impact related to the risk situation, direct and 

indirect, immediate and delayed, and he can deal with the risk or impact by eliminating or 

minimising the problem [MCK92]. 

2.1 Representing Informal Knowledge 

Informal knowledge may be represented by combining object-oriented methodology and case

based representation. Informal knowledge describes experiences which are usually in the form 

of a descriptive episode. This may be stored as a case which is defined using objects. 

An object is characterised by a number of operations and a state which remembers the effect of 

these operations. Objects usually correspond to real life entities and each object contains 
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individual information. Objects with common characteristics are grouped into classes. A class 

therefore represents a template for several objects and describes how these objects are 

structured internally. Objects of the same class have the same definition both for their 

operations and for their information structure [JAC92]. 

A case is a particular type of frame, used to store a description of a past experience, or of a 

problem encountered and its proposed solution. A frame is a data structure for representing a 

stereotyped situation [MIN85]. Individual cases may represent a single past case or a 

generalisation of several single cases. Aamodt [AAM89] suggests that a case's features may be 

categorised as necessary, characteristic, non-characteristic and irrelevant. Sycara [SYC89] 

suggests that structural features, a functional description, a causal explanation of behaviour and 

qualitative states be used to represent and index cases. According to the panel discussion on 

Case-Based Reasoning [ALT89], some important questions to ask about appropriate case 

representation include: 

I. To what extent should cases be generalised as they are stored? What arguments are there 

for maintaining the distinctness of cases that are apparently very similar? 

2. Are cases monolithic structures that are applied individually, or are they loosely connected 

sets of events that are reconstructed at retrieval time? 

3. If dependency structure and causal annotation appear in case representation at all, when 

should the relevant information be acquired? At storage time? Time of modification? Use? 

4. To what extent are the answers to the above questions dependent on the tasks for which 

retrieved cases will be used? 

3. Specifications for a Knowledge-Based Support Tool 

The Knowledge-Based support tool is not meant to replace the human element of the 

scheduling function, only to support the planner in the decision making process. It stores 

informal knowledge which the scheduler may access to ascertain if a similar problem has 

occurred previously in the system. The knowledge-based support tool uses the principle 

underlying Case-Based Reasoning. That is, if it has worked in the past, use it [SYC90]. 

However, before any system can be implemented it must be designed, and the predecessor to 

design is analysis. Analysis is the process of extracting the 'needs' of the system, what the 

system will do to satisfy the client, not how the system will be implemented. In the analysis and 

design of this system, an Object-Oriented Analysis method as described by Coad and Yourdon 

[COA91] is used. This is used to analyse the real world problem domain in order that the 
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required classes and objects be identified and their structures, attributes and services be 

decided. The structured analysis technique of Data Flow Diagrams is used to illustrate the 

relationship between the modules of the system is also used. 

The Knowledge-Based Support Tool (Ex-MIA) stores informal knowledge as cases. A case is 

a description of a problem which has occurred at a previous time. A complete solution to this 

problem may or may not be available, but the corrective action initially taken to counter the 

problem is stored. Several different features or attributes are used to describe a problem 

scenario and the tried solution. This description of cases and also of problems to be solved 

identifies the two of the objects to be used within the system. These are Problem and Case, 

both of which are shown in Figure I. These are both a specialisation of the abstract base class 

BaseDescription. 

The base class acts as a collector for services common to the objects of the system. A Problem 

Object consists of a number of attributes described by the Classes PSubject, PObject and 

PFeatures. These objects are for the purpose of this system simple in nature, but with further 

development of the system may be expanded. What follows is a description of all of the Classes 

used by the Ex-MIA system. 

Class BaseDescription: 

This is the abstract base class from which the Classes Problem and Case are derived. It contains 

the services common to all or most of the classes of the system. These services are enter _new 

used to enter new information, select_similar used to select a given problem or case on the 

basis of the information provided and the delete and modify functions. 

Class Problem: 

This class is used to describe a problem encountered by the user. Its attributes describe 

different features of the problem under the headings of PSubject, PObject and PFeatures. The 

problem is described using the enter _new service and solutions are suggested by using the 

service compare_to_cases. This is called once the similar ca~es are selected from the case-base. 

A problem may or may not have been solved when initially encountered. These may be stored 

as cases with the CorrectiveAction attribute set equal to "unsolved", and selected at a later date 

(using select_similar) in order that a solution be added and the problem written as a case. 
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Figure 1. Class-&-Object Description 

Class Case: 

A problem and the corrective action taken to counteract it are stored as instances of the Class 
Case. This has as its attributes an instance of the Class Problem and a field called 
CorrectiveAction. New cases are entered using enter _new. As the case-base is populated it 
must be maintained to ensure that repeated and redundant cases are eliminated. For this 
purpose the maintain_case_base and select_similar services are provided. 

Class PSubject: 

As part of the problem class, this describes the main element of a problem. In English grammar 
a subject is a word in a sentence that names who or what does the action or undergoes what is 
stated by the verb. For a problem description a subject is thought of in a similar manner. The 
attributes of a PSubject object are called Area and Subject. Area describes the general area of a 
system in which the problem occurred (e.g. machine, operation, material, personnel). When this 
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attribute is entered, the value is checked against a list of existing (valid) areas. If the newly 

entered area does not correspond to any previous ones, the user is asked to verify the name. It 

may be that the user has entered a different but similar name for an area (e.g. using People 

instead of Personnel). In this way the areas of interest to the system are consistently named in 

the case-base. The Subject attribute describes the actual part of the area where the problem 

occurred (e.g. lathe, turning, sheet metal). 

Class PObject: 

An object is a person or thing to which an action is directed. It is that element of the problem 

which is influenced or affected by the subject. The attribute Object describes the object (e.g. 

Part xyz 10). 

Predictive 
Scheduling 

Reactive 
Scheduling 

Class PFeatures: 

Scheduler 

User 

__J 

Figure 2. Knowledge-Based Support in MIA 

When the subject of a problem affects an object, the effect may be described in terms of a 

number of features. These are stored in instances of this class which provides some of the 

events or circumstances surrounding the problem. 

The system is integrated into the MIA Architecture [MIA94] as shown in Figure 2. The system 

is used mainly during reactive scheduling where the dispatcher encounters problems and has to 
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provide solutions. Features of the problem are the input to the system whilst a possible solution 

is the output. The solutions provided by the Ex-MIA system may be tested using the what-if 

tool of the MIA Architecture. The dispatcher may then choose if it is appropriate to implement 

the solution provided. 

The support tool consists of four main modules, each of which have a particular function. 

These are (I) the User Interface, (2) the Reasoner, (3) the Case Editor and (4) the Case-Base. 

The relationship between these modules is shown in Figure 3 using a Data Flow Diagram. The 

user enters a description of the problem features. These are taken by the Reasoner and a 

possible solution is returned to the user. The Case Editor is used to enter new cases to the 

Case-Base which stores the cases as objects in a flat file. The User Interface is the front end of 

the system. Through this the user enters new cases, edits existing cases and requests solutions 

to problems. 

I 
User 

I 
Problem 
Description 

1.0 2.0 
Problem Features 

User Reasoner 
Interface 

Solution 

Problem Problem Similar 
Features Features Cases 

3.0 

New Cases 

I Case Base 
Case Editor 

Figure 3. Knowledge-Based Support Tool 

The Reasoner 

After the user enters the features of a problem, an instance of the Class Problem (a Problem 

Object) is created. This instance is deleted when execution ends unless it is stored as a Case. 
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Once the Problem Object is created, the select_similar service used the features of the object 

as indices to search the case-base for a case or cases with similar features. Normally the 

PSubject is used as the first index which returns cases concerning the same problem area. The 

service compare_to_cases is then used to compare the PObject and the ?Features to determine 

which are most similar and thus a solution may be proposed. If no cases are found using the 

PSubject as the search index, a new index must be chosen and different cases selected. 

Problems may be similar in many ways. Their subjects and their objects are the two most 

obvious to be similar. However, in some situations, the features of a problem may be similar 

(e.g. stopped production), and prove more useful in searching for a solution. It is possible 

therefore, that every element of the problem may at some stage be used in the search for a 

similar case. 

The Case Editor 

Entering cases directly to the case base is done using the Case Editor. The Editor also allows 

several other functions to be carried out for system maintenance. These are (I) 

Updating/modifying cases, (2) Deleting cases, (3) Maintaining the Case Base. Initially, the 

Case Base is empty and so must be populated with cases. The user can do this directly by using 

the Case Editor. The Case Editor using the service enter _new prompts the user for the relevant 

information on a screen similar to that for requesting a problem solution. Once the required 

features are entered they are stored in the case base for use at a later stage. 

Maintaining the case-base requires several different operations. These include updating old 

cases, deleting old or redundant cases, and simply changing the information content of a 

particular case. The maintenance of the case-base is carried out using the service 

maintain_case_base and delete and modify. Updating or modifying a case requires that the 

user selects a case. This is done by specifying the attributes to a case, or by selecting all cases 

and viewing each one. A case, once retrieved may be altered as needed to reflect maybe a 

change in the environment of that case. A case may also be deleted from the database if it is of 

no relevance to the environment any more or if the information contained within it is 

completely redundant. 

The Case-Base 

Cases are stored using objects of the type Case as shown in Figure I in a flat file. The objects 

are created during execution and upon exiting, the user is given the option of saving the cases 

which have been entered. When the system is started up, the files associated with data storage 

are read and the user has immediate access, if required, to the Case-Base. In this way the cases 
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are persistently stored for reuse. The problem objects are not stored unless the user specifically 

chooses to do so during execution. 

The User Interface 

With the multiplicity of software packages available which use a graphical user interface, many 

people are familiar with menu options and command buttons such as "Enter", "Cancel" and 

"OK". Bearing this in mind, the User Interface is designed and implemented using Microsoft 

Visual C++. This allows the development of an interface which is clear and easy to understand. 

There are two main screens used - one for entering a problem description and the other for 

viewing the matched cases, and also as the interface to the case editor. The main menu for the 

Ex-MIA support tool is shown in Figure 4. 

l=J Ex-MIA Windows Application - Ikbst l•l•J 
I File Edit View Problem Case Help I 

Enter New Enter New 
Basic Search Maintain Case Base 
Advanced Search Modify 
Store as Case Delete 

Figure 4. Ex-MIA Main Menu Options 

The Problem Menu contains four options: 

I. Enter New which the user chooses to enter a problem in the search for a possible solution. 

2. Basic Search which is used to select similar cases from the case base after the problem 

description has been entered. This search is carried out using the problem area, subject and 

object as the indices. 

3. Advanced Search which is used to select similar cases using the problem features in order 

to search for cases which may provide an appropriate solution but have occurred in 

different areas. 

4. Store as Case is used to enter a problem as a case. Choosing this option, the user is 

prompted to add a solution to the problem so that it may be stored in the case base. 

The Case Menu allows the user four options: 
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I. Enter New which is used to enter a new case directly into the case base. All features are 

entered and the case is then inserted. 

2. Maintain Case Base is used to monitor the contents of the case base. This option selects 

the cases which the user may then view to ensure that the information is still relevant to 

the working environment. 

3. Modify is used during the maintenance of the case base to change the information content 

of a particular case. 

4. Delete removes a case from the case base. 

4. Manufacturing Environment for Testing the Prototype 

It was decided to test the prototype using information gathered from the Bone China Industry. 

What follows is a brief description of the process involved in the production of Bone China, 

which is illustrated in Figure 5. The raw materials needed to produce the china are (I) bone, 

(2) stone, (3) grolleg and (4) china clay. When these are mixed with water, they form what a 

mixture called slip, which is filtered to remove impurities. The process begins with the design 

of the piece of china and the production of a suitable mould, made from plaster-of-paris. The 

slip is then poured into the mould in the casting process. Once cast, the moulds are left in a dry 

oven for approximately one hour. At this stage the product is called green ware. When it is 

removed from the mould, the green ware is fettled and sponged to remove the rough edges and 

seams left from the casting process. Up to this stage of production, the green ware is 

recoverable through re-liquefaction. 

The green ware is now fired for the first time in the process in a Bisque Kiln at 1800°C 

overnight. After this, any dust remaining on the ware is removed using a process called 

rumbling, which uses a vibrating basin filled with fine pebbles where the ware is 'washed'. 

Glazing is the next operation. The glaze is coloured with a pink dye to ensure that the entire 

piece is glazed. Glazed pieces are fired in an oven for five minutes to allow handling as they are 

moved into the Glost Kiln for a second firing at II oooc overnight to thoroughly dry the glaze 

and remove the pink dye. At this stage the product is called white ware. It is now inspected and 

sent for decoration and guilding. When the patterned china is ready, it is fired for the last time 

at 800°C and then given a final inspection. The finished china is then wrapped and stored in the 

warehouse until an order is received. The china is then boxed and shipped to the customer. 
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Figure 5. Bone China Manufacturing Process 

5. Prototype of a Knowledge-Based Support Tool 

The system is implemented using Microsoft Visual C++1 on a PC platform. Microsoft Visual 

C++ allows the development of a user interface similar to those to which many users are 

accustomed. This reduces the time taken to get familiar with the layout and functions of the 

system. The Ex-MIA support tool is used to store informal knowledge for reuse in the problem 

solving process. The Ex-MIA support tool facilitates the execution of the following tasks: 

!Microsoft® Visual C++ Development System for Windows™, Version 1.0 available from Microsoft 

Corporation. 
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I. Entering a problem description in search of a solution. 

2. Entering informal knowledge in the form of a new case. 

3. Maintaining the case base. 

These tasks are now described using an example taken from the Bone China Industry. During 

the bone china manufacturing process, the moulds are used to cast the shapes which become 

green ware. Each mould is expected to cast between 60 and 70 pieces of green ware. 

Occasionally however a mould will break during the process. It takes several hours to prepare 

a new mould and there is not always a replacement available. This poses a problem for the 

supervisor who must now decide on an appropriate action to take in order to overcome this 

situation. 

5.1 Entering the Problem 

Choosing the "Enter New" option from the Problem Menu, the supervisor, whom we will call 

Martin, is prompted to enter a description of the problem. The window for this is shown in 

Figure 6. Here Martin enters the characteristics of the problem which are shown in the screen. 

After Martin is satisfied that the information is correct and suitably describes the problem, he 

pushes the "OK" button on the dialogue window and is returned to the main window. Now to 

start the search for similar cases, he chooses the "Basic Search" option from the Problem 

Menu. The reasoner now takes the first three attributes of the problem and searches through 

the case base for similar situations. If the problem area is matched, then the subject and the 

object of the problem are checked for a match. Searching through the case base, a case is 

found to exist where the problem area is also machine and the problem object is mould, 

however the subject is mould-maker, another machine in the production process. Nevertheless, 

the solution here may be applicable to another machine so the case is selected. Having searched 

the rest of the cases, no more apparent matches are found. 

The selected cases are viewed using the screen shown in Figure 7. If there is more than one 

case similar to the problem, the user is allowed to browse through them using the Next (N) and 

Previous (P) buttons on the tool bar. While moving through the cases Martin can choose which 

solution might be most applicable in the current situation. On this occasion, the solution 

suggests requesting the mould-maker to immediately make a mould for that product. 
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Figure 6. Entering a Problem Description 

Martin now has a choice. He can either try to devise a new solution or he can initiate a new 

search. This new search uses the features of the problem in an attempt to find similarities with 

the features of the stored cases. This search takes each feature of the problem in turn and 

examines the features of all of the stored cases. In this way a case which is in a different area 

but has common features may provide a solution. Choosing to try a new search pattern, Martin 

chooses the "Advanced Search" option from the Problem Menu. This returns a case which 

occurred in the area of Personnel. Here, a particular mould cracked while it was being split and 

caused a loss of green ware. In this instance, the solution was to allocate overtime to recover 

the lost production. Considering this option, Martin decides that overtime is a feasible solution. 

Martin may now enter this new problem and its solution by choosing the "Store as Case" 

option from the Problem Menu. He is prompted to enter the solution and the new case is then 

entered into the case-base. 

5.2 Entering Informal Knowledge as a New Case 

A new case is entered by choosing the "Enter New" option from the Case Menu. This prompts 

the user with the screen shown in Figure 7. Considering the new case, the user enters the 

information in the boxes provided and when he is satisfied that the information is accurate, he 

pushes the "Insert" button on the toolbar to enter the new case. 
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5.3 Maintaining the Case-Base 
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One of the more important aspects of the Ex-MIA support tool is that the effectiveness of the 

support is reflected by the integrity of the cases stored. Therefore, it is in the interest of the 

user to ensure that the case base is maintained on a regular basis. The case base is maintained 

by choosing the "Maintain Case Base" option from the Case Menu. When all of the cases are 

selected, the user may browse through them by using the Next and Previous buttons on the 

toolbar. If necessary a case may be removed from the case base by choosing the "Delete" 

option on the Case Menu. Also, the information content of a case may be changed by simply 

overwriting the displayed information in the view window and then choosing the "Modify" 

option in the Case Menu. In this way cases may be updated to reflect any changes in the 

environment in which the tool is being used. 
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6. Conclusions 

The concentration of researchers in the area of reactive scheduling highlights the need for real 

time scheduling support rather than complex software systems for generating an initial 

predictive schedule. There is a growing realisation that these predictive schedulers, while they 

are important in the development of production plans, generate unstable schedules due to the 

nature of the underlying assumptions used in their development algorithms. Researchers are 

concentrating more and more on the area of reactive scheduling, some developing expert 

systems based on complex rules and constraint satisfaction algorithms. There is a growing 

recognition among researchers that there is a need for effective support for the reactive 

scheduling function. Reactive scheduling is carried out during the production process. Re

planning a substantial part of a schedule to solve a problem may cause considerable disruption 

of the production process, therefore minimal rescheduling is a priority to ensure a smooth flow 

of production. 

Throughout their work, planners and schedulers are continually learning from their experiences 

and adding to their knowledge of the system. This informal knowledge is used by many 

planners and supervisors in the course of problem solving during production. The importance 

and frequency of use of this informal knowledge is being recognised. However, this knowledge 

is often undocumented and subsequently lost to the system if the planner leaves. Researchers 

are now exploring new ways to document, store and reuse this knowledge in order that the 

reactive scheduling function be more effective. The potential exists in industry for the 

implementation of a support tool using informal knowledge and the technology is available to 

design such a tool. However, as has been recorded throughout AI research [KUS88], a major 

problem is the elicitation of the knowledge required for the successful functioning of any such 

tool. 
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