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Forward

This textbook series is published at a very opportunity time when the
discipline of industrial engineering is experiencing a phenomenal growth in China
academia and with its increased interests in the utilization of the concepts,
methods and tools of industrial engineering in the workplace. Effective utilization
of these industrial engineering approaches in the workplace should result in
increased productivity, quality of work, satisfaction and profitability to the
cooperation.

The books in this series should be most suitable to junior and senior
undergraduate students and first year graduate students, and to those in industry
who need to solve problems on the design, operation and management of

industrial systems.

Gavriel Salvendy

Department of Industrial Engineering, Tsinghua University
School of Industrial Engineering, Purdue University
April, 2002
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Preface to the Fourth
Edition

I am very pleased that this book has made it to a fourth edition, and am grateful to all of
you who have adopted it over the past 12 years. This book is rare in that it spans two dis-
tinct markets: business and engineering. A previous survey revealed that adoptions are split
almost evenly between the two areas, with about two-thirds of the units in schools of busi-
ness. Keeping in mind the findings of this survey, and responding to both general market
demands as well as specific reviewer suggestions, I have made several key changes to the
fourth edition of Production and Operations Analysis that I believe have improved the
book considerably. These changes include:

+ The addition of a new chapter on supply chain management

+ Enhanced international examples

* A stronger and simpler strategic framework, outlined in Chapter 1
+ Increased and enhanced use and integration of Excel spreadsheets
» Selective updating and addition of “Snapshot Applications” boxes

While the fourth edition has 12 chapters, they are not the same 12 chapters that were in the
first three editions. The fourth edition is the first to have a new chapter and also the first to
have a chapter eliminated. Chapter 6, “Supply Chain Management,” is new. It follows the
style of other chapters in being a mix of quantitative and qualitative material. The chapter
does include some material from the third edition that appeared in Chapters 1, 7, and 12,
but is mostly new. Chapter 12 from previous editions, “Recent Advances in Operations
Planning and Control,” has been eliminated. What were recent advances in 1989 are no
longer so, and I was concerned that much of the material in this chapter was being ignored
because it was separated from the core topics. I indicate below where some of the material
formerly in Chapter 12 now appears.

A more coherent treatment of operations strategy is provided in Chapter 1. Section 1.2,
“A Framework for Operations Strategy,” is new. The Snapshot Application featuring Wal-
Mart has been moved to the new supply chain chapter, as was the other supply chain ma-
terial that was formerly part of Chapter 1. A new Snapshot Application on Read-Rite’s
strategic alliance with Sumitomo Metals now appears in this chapter in the section on
global operations. Most of the remainder of the chapter has remained intact. Chapters 2-5
are largely unchanged. The linear programming supplement after Chapter 3 has been

v
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updated to reflect the fact that Excel’s Solver is now the standard for spreadsheet-based
linear programming.

Chapter 6 is the new chapter on supply chain management. This chapter was placed
here because of its conceptual tie with inventory management, the topic of the two previ-
ous chapters. Most of this chapter is new and it provides, I believe, one of the most com-
prehensive treatments of supply chain management in operations texts. The chapter starts
with the Wal-Mart Snapshot Application, followed by a comprehensive treatment of the
transportation and trans-shipment problems. This section includes a new Snapshot Appli-
cation on the successful multiechelon inventory model developed for IBM’s spare parts
management. Section 5 on DRP is new. Section 6 on vehicle routing formerly appeared in
Chapter 7. Section 7 on product design incorporates some material from the third edition
and some new material. The Snapshot Application on Dell Computer featured in this sec-
tion is new. Section 8 on the role of information in the supply chain is mostly drawn from
the third edition. Sections 9 (multilevel distribution systems) and 10 (global issues) are
new. Section 10 also features a new Snapshot Application on the work done for DEC in the
1990s (prior to its acquisition by Compag).

Chapters 7-12 are the former Chapters 6-11 respectively. The material from the old
Chapter 12 on flexible manufacturing systems is now part of Chapter 10, and the material
from the old Chapter 12 on design for manufacturability is now in Chapter 11. The chapter
on reliability and maintenance is now the final chapter, and it remains essentially un-
changed from the last edition.

There are many people to thank for their help with this edition. First, I am grateful to
the reviewers retained by the publisher who provided valuable feedback and suggestions
for improvements. They include:

Chung Lee
Texas A&M University

Ted Lloyd
Eastern Kentucky University

Joe Milner
Washington University

Izzet Sahin
University of Wisconsin at Milwaukee

William Sherrard
San Diego State University

Sridhar Tayur
Carnegie Mellon University

David Yao
Columbia University

I continue to be indebted to colleagues at Santa Clara University—Chuck Feinstein,
Rhonda Righter, Steve Smith, and Andy Tsay—and to the reviewers of previous editions,
whose comments and suggestions helped immeasurably in the early stages of this book’s
development. They include Nicholas G. Hall (Ohio State University), Arie Harel, John
Hebert (University of Akron), Michael Kim (University of California at Riverside), Hau
Lee (Stanford University), Binshan Lin (Louisiana State University at Shreveport), John
Loucks (Bowling Green State University) Sanjay Mehrotra (Northwestern University),
Kamran Moizadeh (University of Washington), Eddy Patuwo (Kent State University),
Jayant Rjgopal (University of Pittsburgh), Larry Robinson, Meir Rosenblatt, Linus
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Schrage (University of Chicago), David Simchi-Levi (Massachusetts Institute of Technol-
ogy), and Candace Yano (University of California at Berkeley).

I would also like to thank the team at McGraw-Hill/Irwin for their help throughout this
project. They include Sponsoring Editor, Scott Isenberg; Developmental Editor, Christina
Sanders; Marketing Manager, Zina Craft; Project Manager, Kimberly Hooker; Designer,
Kiera Cunningham; Production Manager, Michael McCormick; Supplements Coordinator,
Cathy Tepper; and New Media Producer, Ed Przyzycki. I am especially grateful to you, the
users, who have continued to make this book a success. Many of you made suggestions,
and all of them have been carefully considered in this revision. Please feel free to let me
know via email (snahmias@scu.edu) your opinion of the fourth edition. Finally, special
thanks to my wife Vivian for her continued encouragement and support.
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Introduction

1 The Production and Operations Management Function

This book concerns production in the broadest sense of the word: that is, production of both
goods and services. The term production has its roots in studies of factory automation. The
term operations management has become popular in recent years to reflect broader inter-
ests. This book is about the analytical methods used to support the production and opera-
tions management function. Production and operations management is the process of man-
aging people and resources in order to create a product or a service. Operations involve the
logistics required to support the production function.

Marketing, finance, and production are the three major functional areas of the firm.
Marketing acts as a buffer to the outside world. Marketing chooses the manner in which
products are presented to the consumer and discovers the directions of consumer prefer-
ences. Finance is responsible for finding sources of outside funding and managing the cap-
ital within the firm. Production is responsible for converting raw materials into products or
for providing a specific set of services. The activities of the three functional areas of the
firm must be carefully coordinated for the firm to operate efficiently.

Bowman and Fetter (1967) list the following as the major economic problems of pro-
duction management:

Inventory.

Production scheduling and control.
Equipment selection and replacement.
Maintenance.

Size and location of plants.

Plant layout and structure.

Quality control and inspection.
Traffic and materials handling.
Methods.

A i o e

Although this list was compiled over 30 years ago, it still accurately represents the most
important economic decisions of production management. This text treats each of these
areas except for the last two. Although work methods and materials handling are both im-
portant topics, they are not areas in which analytical methods have had a significant impact.

ix



x INTRODUCTION

2 History of Production Management

According to Skinner (1985), there are five periods of industrial history that stand out in the
development of manufacturing management:

1780-1850 Manufacturing leaders as technology capitalists.

1850-1890 Manufacturing leaders as architects of mass production.

1890-1920 Manufacturing management moves down in the organization.

1920-1960 Manufacturing management refines its skills in controlling and
stabilizing.

1960-1980 Shaking the foundations of industrial management.

During the early years of the Industrial Revolution, production began to shift from low-
volume activity to larger-scale operations. Although the scale of these early operations was
large, the machinery was not particularly complex and production operations were rigid.
The management of these operations remained essentially in the hands of top management
with the aid of overseers. Working conditions during this period were often abysmal.

The major thrust of the Industrial Revolution took place in the second 40-year period
from 1850-1890. During this period, the concepts of mass production and the assembly
line were born. Since coal could be efficiently transported, plants could be located in a
larger variety of locations. The plant foreman had enormous power and influence during
this period.

According to Skinner, the job of production manager actually came into being in the
period 1890-1920. Manufacturing processes became too complex to be handled by top-
management personnel any longer. With this complexity came the need for scientific man-
agement techniques. Frederick Taylor (often called the father of industrial engineering) is
generally credited with being the originator of the concept of scientific management. Most
of the scientific management techniques introduced around the turn of the century involved
merely breaking a task down into its various components. These techniques are probably
less scientific than just orderly. With the new levels of complexity, the single plant foreman
could no longer coordinate the demands of producing a varied product line and changing
production schedules. The age of the specialist was upon us.

The enormous worldwide depression that took place in the 1930s notwithstanding, in
many ways the period 1920-1960 can be considered a golden age for the development of
industry in the United States. By 1960, the United States was the preeminent economic
power in the world. With the growth of the labor movement, working conditions had im-
proved enormously. True scientific methods started finding their way into the factory.
Mathematical models for learning, inventory control, quality control, production schedul-
ing, and project management gained acceptance by the user community. Top management
often came through the ranks of production professionals during this period.

" Since 1960, many American companies have relinquished their domination of certain
markets. Products that were traditionally produced in the United States are now imported from
Germany, Japan, and the Far East. Many products are produced more cheaply and with higher
quality overseas. Furthermore, management-employee relations are often better in foreign
companies. Quality circles, introduced in Japan, allowed employees to input opinions about
product development and production procedures. Far more sophisticated scientific produc-
tion methods have been adopted in Japan than in other countries. For example, there are many
more robots and modern flexible manufacturing systems in Japan than in the United States.

Production managers will require better training and preparation than ever before. They
will have to be well versed in many new technologies and be able to deal with complex
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information systems and decision support systems. Computers will continue to improve. As
powerful computing capability is brought directly to the factory floor, sophisticated mathe-
matical models will play an ever-increasing role in modern production and operations man-
agement. The aim of this text is to provide the prospective production professional with the
technical tools necessary to face the coming century.

3 Overview of the Text

Albert Einstein said that physics should be explained as simply as possible, but no simpler.
This reflects the philosophy behind this book.
Features of this book include

* Breadth.

+ Depth.

+ Clarity.

+ Modularity.

« Example.

+ Reinforcement.

« Historical notes and summaries.
+ Spreadsheet problems.

+ Snapshot applications.

Almost every chapter includes material rarely found in survey texts, and some include
topics only treated in published articles. The writing is economical, but all concepts are
carefully explained. The chapters are designed to stand alone. Many sections can be skipped
without loss of continuity, allowing the instructor to tailor the sequencing and the depth of
coverage to his or her needs. I make extensive use of examples. Some are case-type exam-
ples spanning most of a chapter, while others are short examples used to illustrate a partic-
ular concept or technique. I have tried to make the examples realistic enough to show the
student how a method would actually be used in practice.

I have chosen to include problems at the end of each section as well as at the end of
most chapters. Section problems have two advantages. They give the student immediate
reinforcement of the material discussed in that particular section. Also, it is easier for an
instructor only covering portions of chapters to assign appropriate problems. There are
more than 550 problems in the book.

Each chapter, except the first, includes a section titled “Historical Notes.” As a student,
1 always found textbooks to be somewhat sterile, conveying little of the history of the de-
velopments discussed. I think it is interesting to know when and how things were developed.
1 realize that I am taking a big risk by including these sections, since I may have incorrectly
identified some original sources. I encourage knowledgeable readers to let me know if this
is the case. The summaries at the end of each chapter will provide the reader with an
overview of the material treated in the chapters.

Problems designed to be solved with the aid of a computer (in particular, with a
spreadsheet program) are included. These problems are marked with a graphic to identify
them and almost always appear in the problem set at the end of the chapters.

How topics should be sequenced is a personal issue. Undoubtedly, many of you would
sequence the material differently. My rationale is as follows. The first chapter is primarily ex-
pository and provides a nontechnical introduction to the important strategic issues facing
firms today. The remainder of the book covers three general areas: inventory (broadly
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defined), scheduling and facilities design, and quality. The inventory sections include
Chapters 2~6, covering forecasting, aggregate planning, deterministic and stochastic single-
item systems, and supply chains respectively. MRP and JIT, treated in Chapter 7, overlaps
with both inventory and scheduling, and provides the link to the next three chapters. These
are Chapters 8-10 and include job shop scheduling, project scheduling, and layout and loca-
tion. The final two chapters treat quality, broadly defined. Chapter 11 is a very comprehen-
sive treatment of statistical quality control, acceptance sampling, and several additional qual-
ity topics. Chapter 12 is a chapter rarely, if ever, found in operations texts. It is my feeling
that a comprehensive treatment of quality should include reliability and maintenance as well.

Previous editions of the book have had over 100 adopters from both business and en-
gineering schools. While the book has not lost its quantitative character, revisions have
been aimed at widening the audience by adding more qualitative material. The new supply
chain chapter does include several quantitative sections but is, by and large, focused on
strategic concerns. Because of the book’s modular design, it can be adapted easily to the
needs of the instructor. The first six chapters can serve as a reasonable one-quarter course
on inventory and related topics; Chapters 7-10 provide a reasonable treatment of schedul-
ing including MRP and JIT; and the last two chapters could form the basis for a course in
quality and reliability. Alternatively, a survey course could be comprised of a few sections
from each chapter. 1 believe there is sufficient material in the text for a two-quarter or two-
semester sequence as well.

4 Overview of Each Chapter

Chapter 1. Strategy and Competition

Chapter 1 provides a brief overview of the significant issues in competition and operations
strategy. The introduction positions manufacturing strategy as part of the overall business
strategy of the firm. Section 1 considers the issue that we are evolving into a service econ-
omy and the concerns that this should engender if true. Section 2 provides an overview for
the general framework for strategic issues. Section 3 considers the classic view of opera-
tions strategy developed by B. F. Skinner of Harvard. Section 4 considers issues arising
from globalization of manufacturing and includes a new Snapshot Application on Read-
Rite Corporation’s strategic alliance with a Japanese metals company. Sections 5 to 8
consider several modern strategic initiatives undertaken in recent years. These include
business process reengineering, just-in-time, the emphasis on quality, and time-based com-
petition. Section 9 considers the product life cycle and how product and process life cycles
need to be matched.

Section 10 treats learning and experience curves. These are certainly of strategic im-
portance to anyone interested in projecting costs and efficiencies. The final section of
Chapter 1 treats models for planning for capacity growth. This section also includes a qual-
itative discussion of some of the issues that arise in plant location decisions (mathematical
models used for making location decisions are discussed in depth in Chapter 10).

Chapter 2. Forecasting

This chapter provides an in-depth treatment of this important topic. Care has been taken to
provide both a rigorous treatment of the topic and one that is accessible to a wide audience.
Issues such as the periods from and to which one forecasts are considered.

The first four sections of the chapter include an expository discussion of several im-
portant forecasting issues. In Sections 5 and 6 the notation used throughout the chapter is
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introduced and measures of performance are defined. Section 7 is devoted to a discussion of
the most popular methods for predicting stationary series including simple moving averages
and simple exponential smoothing. The difference between one-step-ahead and multiple-
step forecasts is made clear. Also a careful comparison between exponential smoothing and
moving averages is made. We discuss consistent values of N for moving averages and « for
exponential smoothing in Appendix A and prove that consistent values of these parameters
result from equating the variance of forecast errors. The Snapshot Application at the end of
Section 7 discusses Sport Obermeyer’s sophisticated forecasting system.

Section 8 considers methods for forecasting series in which a linear trend is present.
We consider simple linear regression and Holt’s method. Undoubtedly, there are many
other methods that we could have considered, but these seemed to be the most representa-
tive. Holt’s method is presented rather than R. G. Brown’s double exponential smoothing
since, in the opinion of this writer, Holt’s method is more intuitive.

Section 9 considers methods for seasonal series. We present a popular method for desea-
sonalizing a series using moving averages and a careful and detailed exposition of Winter’s
exponential smoothing method for seasonal series. Few texts at this level consider Winter’s
method. Section 10 considers several practical issues when implementing forecasting
methods. Section 11 provides a brief overview of advanced methods including forecasting
in the presence of lost sales. Section 12 discusses the distinction between variance of de-
mand and variance of forecast error. This issue is also treated in Chapter 5.

Chapter 3. Aggregate Planning

This chapter presents a comprehensive treatment of aggregate planning and considers sev-
eral issues generally overlooked. One is the meaning of an aggregate unit of production.
Students are often confused about the difference between normal units and aggregate units
and few authors explain this difference. Prior to introducing the aggregate planning
methodology, we discuss the need for aggregate planning and the relevant costs, and intro-
duce a case-type problem used throughout the chapter. N

Section 4 considers the two simplest aggregate plans: constant workforce plan and the
zero inventory plan. The application of linear programming to aggregate planning is care-
fully developed. Since aggregate planning is an integer programming problem, rounding
considerations cannot be ignored. We present a detailed example with computer outputs to
illustrate the proper steps in rounding.

Sections 7 and 8 consider the HMMS Linear Decision Rule and Bowman’s manage-
ment coefficients. The material on disaggregating aggregate plans in Section 9 is rarely dis-
cussed in most texts. Section 10 considers global issues in aggregate planning and includes
a Snapshot Application.

Supplement 1. Supplement on Linear Programming

This supplement differs from the chapters only in that there are no problems. The purpose
of this supplement is to bring the student up to speed on linear programming for those who
may not have been exposed to this important area. As more business programs drop the
management science requirement, POM texts will have # include material traditionally
taught in these courses. This supplement is more detailed than most and is designed to give
the student sufficient background on the application (as opposed to the theory) of LP to be
able to apply it. The major change in this section is the elimination of the discussion of
LINDO. A comprehensive discussion of Solver is included, in recognition that Solver is
now the de facto standard.
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Chapter 4. Inventory Control Subject to Known Demand

Chapters 4 and 5 treat inventory models in depth. Sections 1, 2, and 3 of Chapter 4 present an
expository description of types of inventories, motivation for holding inventories, and char-
acteristics of inventory control systems. Section 4 presents a detailed discussion of the forms
of the cost functions on which the models for Chapters 4 and 5 are based. The treatment of
the simple EOQ model in Section 5 includes discussions of sensitivity analysis and order lead
times. Section 6 treats the extension of the simple EOQ to the case of a finite production rate.

Section 7 concerns quantity discount models including both all units and incremental
discounts. The material of Section 8, resource-constrained multiple product systems, is
rarely found in OM texts. In this section we show under what circumstances such problems
can be solved easily and under what circumstances Lagrange multipliers are required.
Section 9 on EOQ models for production planning considers the interface between pro-
duction scheduling and classical inventory models. Section 10 provides a brief overview of
software for inventory control. The Snapshot Application highlights Mervyn's successful
inventory control system.

Chapter 5. Inventory Control Subject to Uncertain Demand

This chapter presents a detailed and comprehensive treatment of stochastic inventory mod-
els. It begins with a general discussion of randomness in the context of inventory control
and presents a case example that is used to illustrate methodologies presented in the re-
mainder of the chapter. A rigorous derivation of the newsboy model is included as well as
a careful discussion of the interpretation of costs. In this presentation I have chosen the
overage and underage cost formulation instead of the formulation with order, holding, and
penalty costs that one finds in many OR texts. I have found this particular formulation eas-
ier for the student to understand and apply. A unique feature of our coverage is the exten-
sion of the newsboy model to multiple planning periods.

Section 4 is a comprehensive treatment of lot size—reorder point models. Models of this
type form the basis for many commercial inventory control systems. The section begins with
definitions and descriptions of variables and costs. Section 5 treats service levels and the dif-
ference between setting the probability of not stocking out in the lead time and the fill rate, an
important distinction. Other issues discussed in this section include scaling of lead time de-
mand, imputed shortage cost, linking of inventory and forecasting, and random lead times.

Although a formal derivation of (s, S) policies is beyond the scope of this text, (s, 5)
policies are mentioned along with a brief discussion of service levels in periodic review sys-
tems. Section 7 considers ABC analysis and exchange curves for multiproduct inventory
systems. The chapter concludes with a summary of several advanced topics in inventory
modeling and a brief discussion of EDI (which is also discussed in more detail in Chapter 12).

There are five appendices to Chapter 5. I recommend that instructors be aware of the
material contained there as they may wish to include it in their lectures. Appendix 5-A is a
basic probability review. Appendix 5-B adds considerable technical depth to the discussion
of the newsboy model, including the correct interpretation of overage and underage costs
for infinite horizon versions of the backorder and the lost sales cases. Appendix 5-C pro-
vides details of the derivation of the (Q, R) policy. Appendix 5-D extends the models
treated in the chapter to the Poisson and Laplace distributions.

Chapter 6. Supply Chain Management

This chapter, new with the fourth edition, provides a comprehensive overview of the key top-
ics in this important new area of operations management. The chapter starts with definitions



INTRODUCTION xv

and a Snapshot Application featuring Wal-Mart. Sections 1-4 of the chapter consider the
transportation problem, generalizations, and more general network formulations of trans-
shipment problems. Using Excel to solve these problems is also treated in this section.
Section 4 concludes with a Snapshot Application of IBM’s spare parts management system.

Section 5 treats the DRP approach to resource planning. Section 6 on vehicle routing
formerly appeared in Chapter 7 on Operations Scheduling. Section 7 on product design for
supply chains includes some material that formerly appeared in Chapter 12 of the third
edition and some new material. Dell Computer is featured in the Snapshot Application in
this section.

Section 8 on the role of information in supply chains includes some material from the
third edition and some new material as well. This section includes a discussion of the bull-
whip effect. Sections 9 on multilevel distribution systems and 10 on global supply chains
are new. In Section 9, I discuss some of the multiechelon inventory models and how they
relate to modern supply chain issues. In Section 10 I discuss some of the important global
issues that must be taken into account when designing a supply chain. The chapter con-
cludes with another Snapshot Application featuring DEC’s global supply chain design.

Chapter 7. Push and Pull Production Control Systems: MRP and JIT

We treat MRP and JIT as two philosophies for manufacturing control. The first half of the
chapter treats MRP and lot sizing. This chapter has several unique features. One is that dy-
namic lot sizing is included here rather than in Chapter 4 or in a separate chapter on pro-
duction planning. In this way the importance of lot sizing in MRP can be made clear. How
lot sizing at one level affects the pattern of requirements at lower levels is often overlooked
in presentations of this material.

A case study is presented to show how the explosion calculus works. The example is
carried through to three levels of the product structure. Optimal lot sizing using the Wagner—
Whitin algorithm has been relegated to Appendix A and can be skipped without loss of con-
tinuity. We consider Silver-Meal, least unit cost, and part period balancing heuristics as well.
(The period order quantity heuristic is also discussed in the problems.) By presenting these
lot sizing algorithms here, we can show how lot sizing decisions impact on the materials re-
quirements plan at the various levels of the product structure. Also, we present an original
heuristic (similar to others that have appeared in the literature) for constrained lot sizing.

Section 7 provides an in-depth treatment of JIT. Some of this material appeared in
Chapter 12 of earlier editions, but there are several new topics as well, including SMED
and CONWIP. MRP and JIT philosophies are compared and contrasted. The chapter con-
cludes with a discussion of the growing market for MRP software.

We discuss problems that arise when implementing an MRP system in Section 8 of this
chapter. These include uncertainty, capacity planning, rolling horizons, and system nerv-
ousness, to name a few.

Chapter 8. Operations Scheduling

This chapter presents an overview of the most important results for sequence scheduling.
The effect of sequencing rules on several measures of performance is made clear by pre-
senting a detailed example showing the effect of the four sequencing rules: first-come first-
served, shortest processing time first, earliest due date, and critical ratio. Several algo-
rithms for single machine sequencing are presented, including Moore’s algorithm for
minimizing the number of tardy jobs and Lawler’s algorithm for precedence constraints.

The next portion of the chapter considers sequencing algorithms for multiple ma-
chines. We present Johnson’s algorithm for both two and three machine scheduling and
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Aaker’s graphical procedure for two jobs on m machines. This is probably the only text
also to consider results for stochastic scheduling. We present several of the more elegant
results in this area and include some proofs to enhance the student’s understanding of the
material. This edition also includes a discussion of stochastic scheduling in a dynamic en-
vironment. This section is an application of queuing theory to sequence scheduling.

The last major topic considered in Chapter 8 is assembly line balancing. We present
only one heuristic for solving the problem: the ranked positional weight technique. The
section discusses experimenting with different values of the cycle time in order to achieve
an optimal balance.

A brief review of post-MRP scheduling software is provided here, as well as an
overview of using simulation for scheduling. The Snapshot Application provides descrip-
tions of several successful scheduling initiatives in the real world.

Supplement 2. Supplement on Queuing Theory

This material supports the section on dynamic stochastic scheduling in Chapter 8 by pro-
viding the student with a good overview of queuing theory. It includes a derivation of the
steady-state probability for the M/M/1 queue and results without proof for more compliex
models. As with the LP Supplement, it should be helpful to students who have not been
exposed to queuing theory elsewhere.

Chapter 9. Project Scheduling

This chapter begins with a description of the project scheduling problem and how projects
are represented as networks. A case study is introduced to illustrate the methodologies dis-
cussed throughout the remainder of the chapter. We present the details of CPM including
the calculation of earliest and latest start and finish times as well as identification of the
critical path. Time costing methods also are considered in Section 4.

The PERT method for handling random activity times is treated in Section 5. The tra-
ditional PERT approach, which assumes that the length of the critical path has the normal
distribution and is the path with the longest expected activity time, is presented. An alter-
native approximation is to assume that the time required to complete two or more paths are
independent random variables. In some cases, the assumption of path independence could
give more accurate results than the traditional PERT approach, which assumes that the path
with the longest expected value is the longest path.

This chapter also includes material rarely covered in production texts. We show by ex-
ample how one incorporates resource constraints into the standard project planning frame-
work and how one constructs resource loading profiles. This chapter also includes a section
showing how one would apply linear programming to solve project scheduling problems.
In addition to linear programming, one also could use special-purpose project scheduling
software, reviewed here. Organizational structures to facilitate project management also
are discussed, as well as PC project management software.

Chapter 10. Facilities Layout and Location

Chapter 10 is a comprehensive treatment of the major developments in the area of layout
and location. It makes liberal use of examples to illustrate complex methodology. We dis-
cuss the traditional charts for assisting with layout decisions, including the from-to chart
and the rel chart. In Section 4 we show how one uses the simple assignment model for solv-
ing location problems in which there is no interaction among facilities, and only a small set
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of alternative locations. The quadratic assignment model for solving more complex prob-
lems also is presented, although the details of implementing the algorithm are beyond the
scope of this text.

Section 6 presents a detailed description of CRAFT. We show how centroids (used by
CRAFT) are computed in Appendix A of the chapter and apply the method to a specific ex-
ample. Other computerized layout methods are considered in less detail: these include
COFAD, ALDEP, CORELAP, and PLANET. This section concludes with an interesting
debate from the literature about whether computers or humans find better layouts.

In Sections 8 through 11 of Chapter 10 we treat the problem of locating new facilities.
We consider qualitative location issues treated in detail in Chapter 1 as part of our discus-
sion of strategy, so that discussion is not repeated here. In Section 9 we discuss the method
for locating one new facility subject to a rectilinear distance measure. Other topics consid-
ered in this section include contour lines and a minimax objective rather than a weighted ob-
jective. Squared Euclidean and Euclidean distance measures are considered in Section 10.
In Section 11 we include brief discussions of several other extensions including models for
locating multiple facilities, location-allocation problems, discrete location models, and
network location models.

Chapter 11. Quality and Assurance

This chapter is one of the longer ones in the text and presents a detailed coverage of the im-
portant techniques and issues in the quality area. The first part of the chapter is devoted to
control charts. A brief review of the relevant results from probability theory is presented
first. As with most of the other techniques discussed in the text, we start the section with a
case-type example. The case is used to illustrate the construction of both X and R charts. A
point discussed in Section 2 often overlooked in other presentations of this material is the in-
terpretation of Type 1 and Type 2 errors in the context of control charts. Both p and ¢ charts
are discussed as well.

Section 6 includes material rarely found in survey texts, namely the economic design
of X charts. Assuming costs for sampling, searching for an assignable cause, and operating
out of control are known, we show how to find the minimum expected cost design of the X
chart. The theory is illustrated with one of the chapter’s case examples.

The second part of the chapter is devoted to acceptance sampling. Again a case exam-
ple is introduced to illustrate the methodology. We discuss single sampling plans, double
sampling plans, and sequential sampling plans. Also included in this section is a detailed
treatment of average outgoing quality with derivations of the various formulas. The chap-
ter concludes with a discussion of several popular management methods for improving
quality including quality circles, total quality control, and zero defects.

Section 13 provides a discussion of total quality management including definitions,
competition based on quality, organizing for quality, benchmarking quality, and a discus-
sion of the Deming Prize and the Baldrige Award. Also included here are sections on lis-
tening to the customer and quality function deployment. Section 14 examines the interface
between quality and design and the application of Taguchi methods. It also includes the
material on design for manufacturability that was in Chapter 12 of the third edition.

Chapter 12. Reliability and Maintainability

Although reliability and maintainability are considered to be part of the body of informa-
tion comprising production and operations management, few survey texts include this ma-
terial. Part of the reason is that reliability is a mathematically difficult subject. However,



