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Abstract

Operational Research-based methods for scheduling of manufacturing
systems have proved unsatisfactory when applied to actual manufacturing
systems. This is because such methods become too cumbersome to use

when they try to model all the variability inherent in a real factory.

A different, extensively-researched approach is to use dispatching rules to
sequence jobs through a facility. The majority of research into dispatching
rules tends not to account for any capacity constraints. A capacity constraint
or "bottleneck"” will be present in any manufacturing facility that is not in
perfect balance. The motivation for this research is the premise that the
bottleneck exerts a significant influence on the performance of the facility and
therefore should be explicitly considered when making sequencing decisions.
This research has first developed and implemented methods to locate the
critical resource, and then developed a dispatching rule approach to job
sequencing that uses the identified critical resource as the focus of

sequencing decisions.

As a consequence of the combinational nature of job shop sequencing,
simulation is normally employed to test the effectiveness of sequencing
heuristics. To investigate the critical resource sequencing methods it is
advantageous to create a simulator, thus avoiding being restricted by the
functionality of particular simulation packages. The end user of this research
is a scheduling manager responsible for determining the best sequencing
method to employ given a known facility and potential product mix. To
achieve this, extra functionality is required within a simulator (i.e., menu driven

interface, flexibility in the modeling approach, and quick model creation and

iv




editing). The second strand of this research is thus to develop the conceptual
model of the simulator and then implement it incorporating the critical

resource sequencing heuristics mentioned above.

The complete methodology is termed Manufacturing Simulation and Analysis

(MSA) and is reported in this thesis.
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CHAPTER ONE

INTRODUCTION



1.1 Introduction

Globalisation of world markets, the development of advanced manufacturing
techniques and technologies, higher labour and energy costs, the need for
economies of scale and the pursuit of flexibility all led to a new phase of

integrated automation beginning in the 1970’s [Cleland and Bidanda (1990)].

In 1984 Harrington (1984) introduced the now commonly accepted umbrella
term for automation "Computer Integrated Manufacturing" (CIM). The ideal of
a CIM plant is one which is highly integrated, completely optimised and a
strong competitive weapon. CIM however, represents a high investment
manufacturing scenario that will remain restricted to a narrow band of
manufacturers. For many years to come small batch manufacturing facilities
will coexist along with CIM "Factories of the Future". A 1990 survey by NIST
(National Institute of Standards and Technology) reported there were over

150,000 job shops in America each with less than fifty work centres.

Both the "Factory of The Future" and batch manufacturing face a similar
problem of how to use the resources available to effectively and efficiently
produce the products required. Baker (1974) defined this problem of
scheduling as:

"Scheduling is the allocation of resources over time to perform a

collection of tasks"

[Baker, pg2 (1974)].
Operations Research based investigations into solving the scheduling
problem are extensive with many small variations to the models used.
Examples include: variable batch sizes, set-up times, inclusion of processing
costs, secondary routes, bi-criteria optimisation. Although the models used

are restricted due to limits imposed by necessary assumptions, such models
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are useful in predicting how certain rules and modes of operation may affect
performance statistics when applied in the actual production facility. The
most complex of the OR based models, the Generalised Job Shop, has been
shown to be NP-complete, that is, it is highly unlikely that a solution method
exists for finding an optimal solution. For the general job shop model one
method exists for generating optimal solutions, however, the constraints on

the model restrict its applicability.

Extensive research has been carried out into alternative means of sequencing
job shops, these include branch and bound techniques, integer programming

and dispatching rules.

A measure of success of research into job shop scheduling is the level of
application in industry, the end users of such research. At the shop floor
level, dispatching rules have had the widest application due to their relatively

simple implementation.

Dispatching rules are structured techniques for selecting jobs from those in a
queue waiting to be processed. Simple rules exist such as First-Come-First-
Served (FCFS) where jobs are processed in the order they enter the queue.
More complex rules reorder the queue as a new job arrives, for example, the
Shortest Processing Time (SPT) rule. Rules may be merged together in an
attempt to capture the advantage of both. As an example consider SPTx.
Here, the SPT rule is applied until a job has been resident in a queue for more

than a preset time then the Earliest Due Date (EDD) rule is applied.

Panwalker and Iskander (1978) reviewed research into dispatching rules
listing over 100, from static/local rules to dynamic/global versions. The

conclusion of the study was that researchers reported results which did not

3



have a common performance evaluation criteria or application methodology.
When these two did coincide, the results reported where occasionally

conflicting.

When investigating the performance of dispatching rules under various shop
configurations, the methodology for launching the jobs to the facility tends to
be "push” down to the shop floor. When on the shop floor, the jobs are
"pushed" through the facility with no regard for the capacity limitations

inherent in any unbalanced manufacturing facility.

The problem of scheduling and sequencing of jobs through a facility is
complex and combinational in nature. When sequencing jobs through a
facility, queuing times are indeterminate, hence the use of simulation to
analyse the effectiveness of rules. The primary use of commercial simulation
packages in manufacturing is to investigate the layout of existing or new
facilities. A newer role for simulation is to investigate the effects of various
sequencing decisions. Simulation packages to investigate sequencing
methods use similar information to those used to investigate layouts, but have
different functional requirements. They require powerful user interfaces
focused on scheduling, quick model building capabilities and the ability to
quickly change important data (eg. routing, processing times) along with the
implementation of a variety of dispatching rules. Job shops come in many
configurations and the modeler inside the simulation package should be
generic, that is, it should have the ability to model the complex combinational

nature of these facilities.

A problem with some research into sequencing methods has been that the
resultant methods lacked applicability. Examples of this problem include

requirements for information overhead and the coordination of many factors

4



required to make a decision (facility state and job launch order). Of this
theory-practitioner gap Browne (1988) said:
“consider scheduling as a combinational problem to be solved
using mathematically elegant techniques accounts for the
‘theory-practice’ gap in scheduling."
[Browne (1988)].
To further research into critical resource sequencing, a modeler has been

developed aimed primarily at investigating sequencing heuristics.

This research proposes a methodology to explicitly recognise the presence of
a capacity constraint and use it as the focus for both generating the launch
order of jobs to the facility and the subsequent selection of jobs from input

queues of idle resources.

This chapter begins with a discussion of two manufacturing planning and
control frameworks. These are discussed in order to give the research a time

frame context and a functional context within a manufacturing organisation.
1.2 A Structured Framework Approach

In designing the manufacturing model used in this research it is necessary to
first develop a conceptual model or framework for a manufacturing facility.
This will aid in the formulation of the boundaries of the research as well as

giving a context in the wider system of a manufacturing company.

The use of frameworks in systems design effectively began with Anthony
(1965) who outlined a framework for "Planning and Control". His was a

framework comprised of three main decision categories:



1. Strategic Planning;
2. Management Control;

3. Operational Control;

and two supporting modules

4. Information Handling; and
5. Financial Accounting.

Although the work is dated, the framework is still relevant in todays
manufacturing facilities that use hierarchical control. The framework indicates
the need for: systems design, integration and aggregation, and
disaggregation of information. The primary differences between the decision
categories is the degree of data aggregation, the time frame for actualisation
and realisation of results, and the degree of uncertainty which increases with
the length of the planning horizon. Anthony recognised the limitations of his
work admitting that the boundaries between classifications are indistinct and
that situations exist that do not fit precisely into the definitions. He believed,
however, that the classifications are applicable in the majority of cases and
are a valid starting point for the development of more in-depth applied

frameworks.

The most notable development of Anthony’s work is the Hierarchical
Production Planning (HPP) System [Hax (1984)]. Based on the same three
level approach, the focus is a more dynamic time based framework and
develops the principle of aggregation and disaggregation of data. This
principle allows complex information to be formatted in such a way as to

clarify the decision making process at each level.

The HPP model reflects the hierarchical nature of managerial decisions.

Initially aggregate decisions are made which impose constraints within which



more detailed decisions are made at a lower level. In turn, these detailed
decisions produce feedback to evaluate the quality of the aggregate

decisions.

An indication of the functions performed at each level is given by considering
Holstein’s (1968) framework. Although over twenty years old, portions of the
framework are still incorporated into MRP-Il packages today. The elements of

the framework are as follows:

1 Forecasting (strategic) - activity of analysing historical and presently
available data to predict future product demand.

2. Long Term Capacity Planning (strategic) - process of ensuring the
organisation is able to produce the forecasted demand, also the
allocation of aggregate production to different facilities.

3. Order Entry (strategic) - primary input into the production control
system.

4. Inventory Planning and Control (management) - the mechanism for
ensuring the availability of materials that are required by the production
process.

5. Short Term Scheduling (management) - the development of the
detailed plan to meet the delivery commitment represented by the
master schedule.

6. Master Scheduling (management) - determining the overall
production plan for the next several months.

7 Short Term Capacity Scheduling (operational) - determine whether

the short term schedule is feasible and identify potential bottlenecks.



8. Dispatching, Releasing and Shop Floor Control (operational) - the
activity of executing the schedules developed earlier. This involves
controlling the level of work-in-progress, job sequencing, job release

and adjusting the schedule.

The role of the operational control module is at the bottom of the HPP
hierarchy and requires the most information. Within the module itself the
functions are also hierarchical in nature. For example, the Master Scheduling
section has a time frame of several months whilst the Short Term Scheduling
and Short Term Capacity Planning modules are making decisions on a minute
by minute basis as to which job to start processing on an idle resource. It is
with the subject of dispatching, releasing and shop floor control, that this

research is focused on.
1.3 Short Term Shop Floor Control

Research in the area of the Strategic and Tactical levels of production control
have yielded the now familiar MRP and MRP-Il philosophies. Problems with

MRP-Il are in the lower operational areas, for example:

a capacity requirements are checked using the maxim, "aggregate  lo
ad should not exceed capacity in any time bucket".

. coarse synchronisation of materials flow. Taking averages over
successive time buckets MRP-Il assumes that there will be sufficient
capacity.

= sufficient WIP to keep the shop floor busy and use expediting for late
orders.

Buxey (1989) states that if lead times are not short and predictable then MRP-

Il may be untenable.



1.3.1 SHOP FLOOR CONTROL: DESIRABLE FEATURES

Within any shop floor control methodology several important features are

desirable. These features include:

Low WIP Inventory

Minimising WIP is a major objective of newer production philosophies such as
JIT and OPT. If a reduction in WIP inventory is implemented, this will lead to a
lower manufacturing lead time, increased flexibility, and reduced risk of part

deterioration.

Short Scheduling Scope

In MRP-II the scheduling scope is usually a week. In applications such as JIT
it can be as short as a day. Under real time control the effective scheduling
scope may be variable due to unforeseen events, for example machine

breakdown causing the need to re-schedule.

Key Machine Utilisation
Higher machine utilisation rates will have to be achieved in the future to justify
the higher costs involved in purchasing automated machinery,
communication hardware/software and computational equipment. Due to
unavoidable imbalances in machine capacities there is going to be a key
critical (bottleneck) resource. It is important to identify key resources
because:
"an hour lost at a bottleneck is an hour lost for the whole
system".
[Goldratt (1984)]
Identifying key machines helps finite capacity scheduling become more

precise and hence lead to a less congested shop as order release to the shop



floor is closely linked to the key machine capacity.

Finite Capacity Scheduling

Infinite loading and post processing the schedule through Rough Cut
Capacity Planning (RCCP) software is cumbersome and not particularly
precise [Buxey (1989)]. If the capacity requirement exceeds what is available,
the load is redistributed by manipulating the lot sizes, re-routing, or moving

orders to another time bucket. There are three major drawbacks to this

method:

) The capacity requirements are usually "rough cut", that is, imprecise
due to aggregation.

2. To trim the load or move the loadings requires a priority schema.

3. The method requires significant computational time.

1.3.2 RESEARCH AREA

As previously discussed, strategic and management levels of the control
hierarchy have been implemented within the MRP-II closed loop framework
and software packages available today. MRP-ll, however, does not
successfully manage a shop floor where production requirements are not

stable. Itis in this area of shop floor control that this research is based.
1.4 Research Methodology

The focus of this research is in sequencing techniques for the general job
shop. The techniques developed will use dispatching rules as part of a

complete capacity sensitive heuristic.

To judge effectiveness of the heuristic, a simulator is required which is
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focused at performing "what if?" sequencing analysis. Instead of developing a
simulator to simply implement the rules, a research need was identified for the
investigation of desirable properties of a simulator to be used exclusively for

"what if?" sequencing analysis.

To develop a solution to this problem, three areas are of direct concern:

1. Modelling;
2. Simulation; and
3. Finite capacity sequencing heuristics.

The underlying principle was to develop and implement a generic modeling
methodology capable of representing a variety of manufacturing facilities.
The simulation driver uses this generic model to simulate the movement of

jobs through the facility using a critical resource scheduling technique.

The next chapter reviews literature on the subject of sequencing and
simulation, and chapters three, four and five discuss the "Manufacturing,

Simulation and Analysis" (MSA) methodology.

Modeling

A generic approach to modeling, simulating and scheduling a manufacturing

system leads to a lowest common denominator theory of manufacturing. This

means selecting methods, information and goals that are both relevant and

available in the group of facilities one wishes to consider. For the modeler,
the basic element is the resource or work centre. For information basic files

were chosen which are available in all manufacturing facilities, for example, Bill
of Materials and routing sheets. To sequence and schedule the jobs through
the facility, bottleneck scheduling was chosen. This is justified since virtually

every facility will have a bottleneck unless it is in perfect balance.

11



Simulation
To make the model dynamic, a simulation model needed to be created.
Using the simulation driver on the model, "what if* analysis can be carried out

on scheduling alternatives.

Finite Capacity Sequencing Heuristics

The sequencing heuristic must take account of the critical resource and use
this when launching and sequencing jobs. An important aspect of the
heuristic which is often overlooked in research of this genre is application on
the shop floor. The implementation of the heuristic must result in a simple to

implement and maintain priority system.

1.4.1 THESIS OUTLINE

Chapter 2 reviews the relevant literature in the area of sequencing and the

application of simulation to manufacturing control.

The three elements of the approach: modeling, simulation and sequencing
have been incorporated into a consistent methodology called MSA
(Manufacturing Simulation and Analysis). An overview of the MSA
methodology is provided in Chapter 3 which is expanded upon in Chapters 4,
5 and 6.

To investigate the efficacy of the approach an extensive test suite was
developed and over 12,000 weeks were simulated. The results from this
analysis are reported in Chapter 7 along with the conclusions and
recommendations. Chapter 8, the final chapter, discusses several interesting

areas of future research for simulation and finite capacity sequencing.
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CHAPTER TWO

LITERATURE REVIEW












































































































































































































































































































































































































































































































































































































































































































