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ABSTRACT

AN EXPERIMENTAL ANALYSIS OF BOTTLENECKS
WITHIN A THEORETICAL JOB SHOP:
A SIMULATION STUDY

by

Young Jin Ahn

The purpose of this study was. to identify and assess
the problems present when trying to maﬁage a bottleneck job
shop in which one of the work centers experiences
consistently higher machine loads. The bottleneck job shop,
while fairly common in practice,_ has received 1little
attention from researchers.

Due to the 1lack of detailed knowledge surrounding
bottlenecks, combined with their crucial impact on shop
performance, the first step in the research was to develop a
theoretical framework of a bottleneck job shop. This
framework provided the basis of the study.

The control procedures examined were dispatching rules
and order review/release mechanisms. The two bottleneck
characteristics studied were location of the bottleneck and
prevalence or extent of the bottleneck.

The research vehicle for the study was a computer
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simulation of a quasi-random job shop which was modeled
using SLAMII. Analysis was conducted wusing primarily
analysis of variance.

Several conclusions can be drawn from the findings of
the study. The selection of dispatching rules had a greater
impact on system performance than that of order
review/release mechanisms. Specifically, the SPT rule
consistently performed well under almost all conditions
tested in this study.

The wuse of order review/release mechanisms, when
compared to the immediate release mechanism, resulted in an
improvement in the level of lead time and work-in-process.
However, its use did result in degradation in both the
levels of mean tardiness and the percentage of jobs tardy.

Shop performance was significantly influenced by both
of the bottleneck characteristics: location and prevalence.
In addition, there existed many higher significant
interactions among experimental factors. Furthermore, the
presence of the bottleneck affected the performance of not
only bottleneck jobs but also non-bottleneck jobs.

In summary, the results of the study suggest that both
managers and researchers must first describe the bottlenecks
in terms of their characteristics and, then, apply the most

adequate control procedures.
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CHAPTER 1

BOTTLENECK JOB SHOP

1.1 Introduction

Effective shop floor control1 plays a «critical role in
any successful manufacturing system. As pointed out by
Melnyk, Carter, Dilts and Lyth (1985), effective shop floor
control is the necessary complement to good planning. Shop
floor control is primarily concerned with the smooth flow
of materials, orders and information to satisfy customer
needs (as represented by the production schedules) in a
timely and cost effective manner. To meet these objectives,
the shop floor control system draws on a wide range of
different activities.

Traditionally, the focus has been directed at the
detailed scheduling phase of the shop floor control system.
For example, Melnyk, Carter, Dilts, and Lyth (1985) noted
that of over 1200 articles on shop floor control, 213 dealt
primarily with issues involving scheduling, sequencing, and

dispatching. The primary emphasis among these articles was

1. Melnyk and Carter (1985) define shop floor control as the
very detailed short-term planning, execution and monitoring
activities needed to control the flow of an order from the
moment the order is released by the planning system for
execution until the order is filled and its disposition
completed. '
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placed on dispatching rules. Recently, however, researchers
and practicing managers have begun shifting their attention
away from the dispatching function to other activities (such
as order review/release). This shift in attention is also
taking place in other areas such as capacity management.

Traditionally, questions involving shop floor control
activities were studied within the context of a very
specific manufacturing setting: the job shop manufacturing
setting.2 Under this setting, researchers made several
general but key assumptions about the nature of the setting.
One such crucial assumption was that the shop was
essentially "balanced." This implied that while there were
short-term work imbalances, in the long run, no one machine
or work center persistently constrained the operation of the
other work centers. In other words, a "balanced" shop was
one in which the long term workload was randomly but evenly
distributed across the various work centers. Such a shop
setting, while important, is not necessarily representative
of all possible job shop settings.

There exists another category of job shop. This is one
which is not "balanced." Consideration should be given to
such a shop for several reasons. It is a better
representation of the reality encountered on the shop floor.
(Prather 1983) Bottlenecks, a critical characteristic of the
unbalanced job shop, also have a significant impact on the

operation of entire shop floor control system. In this shop,

2. A job shop is a shop in which routings of orders are
distributed randomly.
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there exists one or more constraining machines or work
centers which significantly affect the flow of work through
the system. These are bottleneck machines or work centers.
The presence of bottleneck work centers in a job shop
manufacturing system can and does <create a unique set of
problems, which otherwise would not happen in balanced job
shop settings.

Wight (1970) noted that any small capacity bottleneck
is followed by an aggravation of the backlog situation in
the shop. This 1is followed by an increased 1level of
expediting activities. It is not expected, however, that the
increased level of expediting 1is a desirable resolution to
this bottleneck shop.

Goldratt and Cox (1984, pp. 138) also recognized the
importance of bottleneck resources. They noted that it was
the type of bottleneck resources which determined the
effective capacity of the system to be managed.

Despite their potential and crucial importance,
bottleneck job shops have been largely ignored in the study
of shop floor control. Very litfle is known about how to
manage a shop floor control system in the presence of
bottleneck operations. The study on bottlenecks is further
complicated by the 1lack of general framework for
understanding or for providing insight into bottlenecks.

There are three important reasons why research is
needed on the bottleneck job shop. First, bottleneck job

shops are fairly common in practice. Prather (1983) observed
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that most factories have bottlenecks. The capacity of these
bottlenecks wultimately determines the total level of
shipments or output.

However, as pointed out previously, our knowledge of
bottlenecks, their <critical characteristics, and the impact
of bottleneck operations on the performance of the shop
floor is relatively limited. Research is needed to identify
the unique characteristics of bottleneck operations and to
help clarify how their presence affects the shop floor.

Second, there is a growing awareness of the role played
by the presence of bottleneck work centers. Managers and
researchers are beginning to recognize that the presence of
one or more bottleneck work centers affects the resulting
operation of the shop floor. As pointed out by Goldratt and
Cox (1984), bottlenecks must be recognized within the
scheduling system,.

Third, research is needed to evaluate the effectiveness
of practices developed specifically for "balanced" shops
when they are applied to bottleneck shops. Practices and
procedures which do not recognize the presence of
bottlenecks may create more problems than they solve when
used to manage bottleneck operations.

The lack of detailed knowledge surrounding bottlenecks
combined with their potential importance forms a major
foundation of the justification for the research study. In
the following sections, the research premise and specific

research objectives underlying this study will be presented.



5

1.2 The Research Premise

This study is specifically concerned with evaluating
the following premise:

The development of an effective shop floor control
system can not be done without first understanding the
manufacturing environment in which it must operate and
the resulting requirements and constraints imposed by
this environment. The process of developing an
effective shop floor control system then focuses on
identifying and selecting those control procedures
which best satisfy the particular requirements of the
given manufacturing environment. A key characteristic
which shapes the specific nature of the manufacturing
environment is the presence or absence of bottleneck
operations.

1.3 The Research Objectives

This study will address the following research
questions, These questions will form the major objectives
of the study.

1. What major characteristics of a bottleneck job
shop must be considered when studying their impact
on the operation of the shop floor?

2. Which control procedures (dispatching rules or
order review/release mechanisms) have a greater

effect on a bottleneck work center (and under what
conditions)?

3. Can usage of information about workload for a
bottleneck work <center significantly improve shop
performance?

4, In a bottleneck job shop, where there is a mixture
of bottleneck and non-bottleneck jobs, how does
the presence of a bottleneck work center influence
these two types of jobs? Bottleneck jobs are those
requiring the operation of a bottleneck work
center.

5. How do such bottleneck characteristics as
prevalence (i.e., does the bottleneck work center
affect the routings of all jobs or just a portion)
and the 1location of ¢the bottleneck (does the
bottleneck always occur at the start of the
routing, the end or is it randomly distributed?)
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affect shop floor operations and the performance
of dispatching rules and order review/release
mechanisms?

6. Can we identify any general guideline which can be
used when dealing with a bottleneck job shop?

To answer the first question, a framework for the
bottleneck job shop will be developed. In this study, the
framework will 1look at four different dimensions: causes of
the bottleneck, status of the bottleneck, 1location of the
bottleneck, and prevalence. Definition for these various
dimensions will be provided later in this thesis.

To answer the second question, this study will look at
two fundamental control procedures: local dispatching rules
and order review/release mechanisms.

To answer the third question, this study will present
various alternative order review/release mechanisms which
will utilize a wide range of information for releasing
orders.

To answer the fourth question, this study will divide
incoming orders into two categories (bottleneck orders and
non-bottleneck orders). Information about both types of
orders will be separately collected and analyzed.

To answer the fifth question, this study will evaluate
and compare various performance measurements gathered for
shops having a bottleneck operating at three different
locations (front, exit, and mixed) and operating at two
different levels of prevalence (100%Z and 50%).

To answer the final question, this study will analyze

and compare three well-known dispatching rules (the



first-come-first-served rule, the shortest processing time
rule, and the slack per remaining operation rule).

These questions reflect the writer's concern to
understand the problems created by a bottleneck operation
and to develop effective control procedures to cope with

those problems in the job shop manufacturing setting.

1.4 The Organization of the Study

This dissertation has been divided into six chapters.

In this first chapter, a rationale for the study on the
bottleneck job shop and a description of the objectives has
been presented.

In the second chapter, the conceptual considerations of
bottleneck operations are examined. The chapter begins with
a literature review pertaining to bottleneck operations, and
provides the theoretical basis for the development of the
bottleneck job shop framework. The definition of a
bottleneck work center is presented. Problems <created by
bottlenecks and tactics used to manage them are also
presented.

Chapter three contains the research methodology used in
the dissertation. The simulated shop is described in detail.
Included is the description of "quasi-random" job shop, the
operating logic of the model, the shop size, the
characteristics of orders, the assumptions of the model, and
the simulation model.

In chapter four, the experimental design of the study

is presented. The experimental factors and levels of each
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factor are presented. Statistical problems pertaining to
the simulation model, which is stochastic and dynamic in
nature, are examined. The hypotheses and the performance
criteria of this study are also presented.

The examination of the simulation results is presented
in chapter five. The primary research procedure is that of
the analysis of variance (ANOVA). This procedure is used to
determine if any of the control procedures or bottleneck
characteristics have a significant impact on the observed
performance measurements. In analyzing the results, we focus
our attention on six major performance measures. The major
performance measures consist of work-in-process, mean flow
time in the shop, variance of flow time in the shop, mean
tardiness, variance of tardiness, and the percent of jobs
tardy. The results of this analysis are used to test the
hypotheses presented in Chapter four.

Chapter six presents the major findings and managerial
implications of the study and suggests future research areas

relevant to the bottleneck job shop.



CHAPTER 2

BOTTLENECKS: CONCEPTUAL CONSIDERATIONS

2.1 Introduction

As noted in the preceding chapter, there are several
important reasons for studying in detail the bottleneck job
shop. To date, however, little research has been devoted to
.examining bottleneck models in a job shop setting. Little
ha; been made to develop models which adequately represent
more realistic job shops and to investigate problems
encountered in such settings. As a result, there is little
known about the nature of bottlenecks and their problems.
This chapter explicitly examines manufacturing systems with
bottleneck operations. The primary purpose of this chapter
is to develop a framework of a bottleneck job shop. This
framework helps provide insighf and a more detailed
understanding of the bottleneck job shop. It also provides a
theoretical basis for this study and the resulting structure
of the experiment.

The chapter starts with a literature review regarding
bottleneck operations in a wide range of manufacturing
configurations. The review provides a background for the

development of the framework for the bottleneck job shop. As
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will be shown, this framework is based on four dimensions.

In order to define the bottleneck work center, the
concept of the load-capacity coefficient is presented.

The uniqueness of the bottleneck job shop, when
compared to a pure random job shop and project scheduling,
is described. Problems <created by the presence of a
bottleneck work center are discussed. To cope with these
problems, several tactics are presented. Specifically,
emphasis 1is placed on dispatching rules and order

review/release mechanisms.

2.2 Literature Review

Despite the - potential importance of bottlenecks,
research to date on bottlenecks is very limited compared to
the extensive body of the traditional job shop. There are
currently very few works specifically dealing with
manufacturing system in which one or more bottleneck
operations are located. Within these works, there is little
agreement over the type of manufacturing setting to be
examined. Each work describes a different type of bottleneck
operation or system. This 1lack of agreement indicates that
bottlenecks are diverse and may be drawn from a broad
spectrum of configurations. In eacﬂ work, the importance of
bottlenecks in the system is recognized and some procedures
are attempted to control problems created by bottleneck
operations.

Solberg (1981) raised an issue of the bottleneck model

for capacity planning. Solberg defined the bottleneck work
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center to be that work center for which the workload per
server is greatest. Solberg argued that the bottleneck
model, for purposes of <capacity estimation, suffered from
the false assumption that it systematically overestimated
true capacity. Even the most heavily loaded servers at times
were idled. Therefore, it was sensible to wuse a more
realistic model, called a stochastic model, for estimating
capacity planning. Although Solberg did not directly deal
with the operation of bottleneck shops, he noted the
importance of the bottleneck station by describing that in a
flow shop, or one in which all processes pass through the
bottleneck station, it was rather obvious that the
productive capacity of the system was equal to that of the
bottleneck station.

Huang, Rees, and Taylor (1983) recognized the critical
aspects of bottlenecks in their simulation analysis of the
Japanese Kanban system. Like Solberg, the primary research
focus was not on the operation of a bottleneck shop. In the
second phase of their simulation experiments, they examined
the transition period when the Just-in-Time system was
implemented. It was then that the problems of dealing with
bottlenecks were raised. The problems resulted from the
éystem's unbalanced condition in which processing times were
not the same at each work station. They created a bottleneck
operation by altering processing times at each stage. The
experimental results implied that additional kanbans, i.e.,

buffer, would not solve a bottleneck situation. A bottleneck
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must be dealt with by reducing the bottleneck itself (i.e.,
setup time reduction at the bottleneck work center,
bottleneck capacity expansion, or intensive worker training
and cross training).

Prather (1983) emphasized the importance of bottlenecks
by stating the capacity of bottleneck work centers
ultimately determined the total 1level of shipments or
output. In his presentation of good production control
practices, he provided two approaches to identify
bottlenecks.

One approach was to calculate an average percentage of
utilization of work centers in one year. Work centers with
over 90 percent utilization were designated as bottlenecks.
The other approach was to review completed work orders and
find the work centers where orders sat in the longest queue.
Since the capacity of bottleneck work centers limited total
system output, it was «critical to fully utilize bottleneck
work centers. To do so, queues, workload, and priorities of
orders at bottleneck work centers were reviewed daily.

Another important factor identified by Prather involved
what portion of all fabricated parts was supposed to go
through bottleneck work centers. This was important for two
reasons. First, it was possible to predict the loading of
bottleneck work centers in advance. Second, it was possible
to evaluate the impact of order release on the bottleneck
work centers before release. Prather also suggested an A-B-C

classification analysis of resource utilization of all work
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centers.

Fogarty and Hoffmann (1983, pp. 18) also suggested such
an A-B-C control scheme to the control and management of
bottlenecks.

Recently, there has been a growing interest in a
scheduling simulation procedure called OPT (Optimized
Production Technology). The OPT first was developed by
Goldratt and Pazgal in Israel. It has been marketed in the
United States since 1979. The goal of the OPT was to make
money through simultaneously increasing throughput, reducing
inventory, and cutting operating expenses. To accomplish
this goal, ten OPT rules were developed. (see Fox 1982b)
Among these rules, the key ingredient was the focus of the
OPT on the bottleneck resources as the basis for production
scheduling and capacity planning.

Goldratt and Cox (1984, pp. 138) defined a bottleneck
as any resource with capacity equal to or 1less than the
demand placed upon it. When bottlenecks exist, managers used
information about them to control the flow through the
system and into the market. Since the capacity of bottleneck
resources determined the capacity of the system, it was
critical to wutilize bottleneck resources to their full
potential.

OPT separated resources into two groups for scheduling
purposes: critical and non-critical resources. The first
group was finite forward scheduled using a secret central

OPT module developed by Goldratt. The second was backward
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scheduled. This procedure was repeated until all resources
were not utilized over 100 percent.

Although some significant successes of the OPT in terms
of reduction of work in process inventory and improvement of
on-time delivery were reported in a 1limited number of
companies (Meleton 1986), it was too early to appreciate the
OPT's true value. This situation was due to the following
two reasons: 1) the central OPT module is a 'black box'
because its 1logic is proprietary.; 2) it has a rather short
history.

The proponents of the OPT view it as a combination of
the best from MRP II (Manufacturing Resource Planning) and
Just-in-Time (Fox 1982a; Lundrigan 1986). It eliminates
waste more efficiently than JIT and produces more a feasible
and efficient schedule than MRP. If the OPT runs as claimed,

it will 4increase system output, reduce work-in-process

inventory, improve cycle time, and reduce space
requirements. Furthermore, it has the capability of
simulating production scheduling, master schedules,

workload, and product mix quickly and easily. It provides a
new way of looking at manufacturing system.

The OPT system, however, appears to have some
drawbacks. It requires huge data maintenance for a tight
network organization (Meleton 1986). It does not consider
costs (Jacobs 1983). It creates much more work-in-process
inventory levels than normal and requires non-bottleneck

machines go through many more setups (Aggarwal 1985). It is
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anything but transparent (Vollmann 1986). It appears the OPT
system works best in a high volume, large batch size
operation with few individual production operations.

Ow (1985) attempted to use the knowledge of restricted
resources to minimize the total weighted tardiness of jobs
to be scheduled in the proportionate flow shop. He
acknowledged that the order in which jobs eventually come
out of the shop depends on which jobs are completed at the
Bottleneck. He proposed a focused approach which works
primarily on the bottleneck work center for the purpose of
scheduling. The simulation results indicate the focused
approach to scheduling provide the best results when
compared with other experimental approaches such as Weighted
Shortest Processing Time rule, Earliest Due Date Rule, First
Come First Serve rule, COVERT, and Lead Time Iteration. Like
Goldratt and Cox (1984), Ow explicitly utilized information
on the bottleneck to control scheduling in the special flow
shop.

Billington (1985) tested the relative magnitude of cost
reduction through capacity expansisn of the bottleneck in an
assembly system with one bottleneck. The primary performance
criterion was the cost. Cost was the combined setup costs
and inventory holding costs. Although the paper did not
measure customer performance criteria, it had two important
implications. First, the 1location of bottleneck was found
to be a significant factor for evaluating bottleneck

resources. Second, better scheduling of bottlenecks was more
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important than mere capacity expansion to reduce production
delay.

Billington, McClain and Thomas (1986) investigated a
bottleneck shop setting for the purpose of evaluating a
heuristic method for multilevel lot-sizing with the
extension of Billington's 1985 model. They examined the
capacitated 1lot-sizing problem by introducing a single
bottleneck facility. 1In their study, they ignored capacity
limitations at all work centers other than the bottleneck.
Test result showed feasible solutions were possible for
problems too difficult to solve with exact methods.

As shown 1in the preceding review, there is a very
little agreement over the type of shop setting to be
examined. Certain conclusions, however, can be drawn from
this limited but diverse body of 1literature. The most
important of these conclusions include the following:

* Bottlenecks are very crucial and pervasive factor
which determine the resulting performance of a

manufacturing system.

* There is little agreement over the exact definition
of bottlenecks.

* Bottlenecks, if any, must be first identified.

* Bottlenecks must be used as the primary basis for
production scheduling and capacity planning.

* The location and the condition of bottlenecks are
important factors for scheduling.

* The performance of the OPT is yet to be conclusively
proven.
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2.3 Definition of a Bottleneck Work Center

In the studies on bottlenecks, there was 1little
agreement over the definitions of a bottleneck work
center.30ne view of bottlenecks involves the comparison of
input rate with output rate at a work center (Goldratt and
Cox 1984, Wallace 1984). A bottleneck work center is then
the one where input rate is equal to or greater than output
rate. Another method is to examine a work center which has
capacity utilization above 907 or the longest queue (Prather
1983). There are, however, some problems with these
definitions which must be pointed out.

"The first definition is theoretically impossible to
apply. It is not feasible to generate a work center in which
the input rate exceeds the output rate. The reason is that
such a work center would be unstable due to an explosive
waiting line. The strict specification of a certain capacity
utilization of the second one is relatively artificial. It
also offers too broad definition for theoretical
application. Both are good terms from a practical

standpoint, but are of limited use for theoretical research.

2.3.1 Definition of a Bottleneck Work Center in this Study

The definition of a bottleneck work center used in this

study differs somewhat from those two above. Before defining

3. A work center is defined as a specific production
facility, consisting of one or more people and/or machines,
which can be considered as one unit for purposes of capacity
requirements planning and detailed scheduling. (APICS
dictionary 1984)
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a bottleneck work center, let us consider what really
creates it. In general, a bottleneck is created by two
factors: inadequate capacity and/or high workload. Here,
capacity may include machines, manpower, and tooling. An
insufficient amount of capacity to be able to process
existing and planned workload is the major cause of
bottlenecks. Note that the relative value, not the absolute
value, of capacity of resources and workload is of
importance. Whether or not the capacity of a work center is
sufficient depends upon the amount of workload imposed in a
certain time period. The ratio of these two factors
determines the condition of a bottleneck. To define the
bottleneck, therefore, the concept of the 1load-capacity
coefficient is introduced.
A load-capacity coefficient (Aij) can be defined as

follows:

Aij = Lij/Cij

where:

Lij = the workload planned to be completed for
work center i in the planning period j.

Cij = the capacity (in standard hours -
demonstrated or effective) of machine

hours for work center i in the planning
period j.

Lij is the sum of setup and processing times of jobs
planned to be completed for work <center i in the planning
period j.

Cij is the number of standard machine hours for work

center i in planning period j. For example, the weekly
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capacity of a work «center i consisting of only one machine
is 40 hours.

For each work center in the shop, a 1load-capacity
coefficient is calculated. A load-capacity coefficient takes
the value between 0 and 1, inclusive.

Formally defined, a bottleneck is the work center with
the highest 1load-capacity coefficient over the long run. In
other words, we define a bottleneck operation as one at
wvhich the average workload is persistently high, when
compared to other work centers.

This definition does have some advantages over others
previously discussed. It consid;rs both capacity and
workload in a relative manner when ideﬁtifying a bottleneck.
It also identifies the most critical work center. The most
critical work center is the one which has the highest load-
capacity coefficient. This is the major work center which
most significantly affect the flow of work through the
system. Finally, it provides a definition for theoretical
study.

This 1is, however, a very restrictive conceptual
definition. It 1is of 1limited significance for practical
purposes. For example, a job shop has four work centers with
the Aij of each work center A, B, C, and D for the period j
is .57, .35, .37,and .33, respectively. By definition, work
center A is designated as the bottleneck, because it has the
highest Aij. Practically, none will be considered as a

bottleneck work center. As a result, additional quantifying
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conditions are described below in order to make the
definition significant practically as well as
theoretically.

* The bottleneck work center at which Aij is
significantly deviated from 1.0 is not regarded as a
bottleneck. Here, we have no bottleneck.

* Any non-bottleneck work center at which Aij is
smaller than Aij of the bottleneck but close to

1.0 is also considered as a bottleneck. Here, we have
multiple bottlenecks.

2.4 The Framework of a Bottleneck Job Shop

As seen in 2.2, no general universally accepted scheme
has yet been presented in the literature for categorizing a
bottleneck. The intent of categorization is to help identify
understanding of the problem inherent in the study of
bottlenecks and important theoretical developments for those
specific areas. A bottleneck can be described using three
ma jor classification dimensions in the context of a job shop
which is the main setting for this study:

1. Cause of a bottleneck

a. A systematic bottleneck
b. A random bottleneck

2, Status of a bottleneck

a. Stationary
b. Floating

3. Location of a bottleneck in the routing
a. Front

b. Exit
c. Mixed
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2.4.1 Cause of a Bottleneck

In Figure 2-1, a bottleneck is first divided into two
groups in terms of the cause of a bottleneck. The first
group is systematic; the second is the random bottleneck.
This is a key distinction for control purposes. A systematic
bottleneck results from two factors. The workload for a
specific work <center is too high (due to problems with
product mix or scheduling), or, a bottleneck may result from
éhe lack of adequate capacity. Either of these two factors
(alone or together) creates a systematic bottleneck. The
systematic bottleneck persistently exists and 1limits the
total output of the system over the long run.

As the name implies, a random bottleneck occurs in a
random fashion in the shop. It exists temporarily in the
system, then disappears. A random bottleneck results from
the following factors:

* Machine breakdown

* Employee absenteeism

* Reworks due to defects

* Unexpected temporary large Aemand

* Tooling breakdown

* Expediting

* Product mix
A random bottleneck is ever changing across machines in the
system. The problems created by a random bottleneck may be
solved by relatively naive procedures (for example,

overtime).
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In this study, we focus exclusively on problems created
by the presence of a systematic bottleneck. It is the
systematic bottleneck which constrains and restricts the

performance of shop floor.

2.4.,2 Status of a Bottleneck

A systematic bottleneck can be further divided into two
categories in terms of the bottleneck status: stationary and
floating. The status of the bottleneck identifies the extent
to which a bottleneck is fixed at one specific'work center.
If a bottleneck does not move across work centers, it is
stationary. The bottleneck work center is fixed. On the
other hand, a floating bottleneck moves across work centers.
The bottleneck work center is floating due to changes in

demand pattern, capacity expansion, or scheduling problems.

2.4.3 Location of a Bottleneck in the Routing

A stationary or floating bottleneck is further divided
into two <categories in terms of the bottleneck's location:
front, exit, and mixed. The 1location of the bottleneck
refers to the relative 1location of the bottleneck in the
routings of orders. The 1location is frequently seen in the
front of or at the end of order routings in practice. As an
example of the exit 1location of the bottleneck, a final
inspection operation, packaging, or coating would be the
cases. Examples of a front location for the bottleneck may
include milling machine or lathe. Also considered is a mixed

location in which the bottleneck can appear anywhere in the
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routings of orders.

Specifically, systematic and stationary bottleneck
along with three bottleneck 1locations in Figure 2-1 is the
primary focus of this study. In addition, another dimension
which should be considered when studying a bottleneck job
shop is that of prevalence. Prevalence refers to the extent
to which orders are subject to pass through the bo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>