7. OPERATIONS
MANAGEMENT

Russell & Taylor

- -
-
’ L
. K :
= -
= -
'. 5 . 7

International Student Version




T eoiion |

Operations
Management

International Student Version

Roberta S. Russell

Professor

- -

Virginia Polytechnic Instif Jtﬂ_and Smte:Umvenn‘y g her
At HUNOL
'U]‘/\Jla Tt

ﬁnaﬁd-ﬁ{. Taﬁi;g' I

Virginia Polytechnic Institute and State University

o ]

I

WILEY

JOHN WILEY & SONS., INC.



Copyright © 2011 John Wiley & Sons (Asia) Pte Ltd
Cover image from ©William Allum/shutterstock.com
Contributing Subject Matter Expert: Morgan Henrie, Alaska

Founded in 1807, John Wiley & Sons, Inc. has been a valued source of knowledge and understanding for more
than 200 years, helping people around the world meet their needs and fulfill their aspirations. Our company is
built on a foundation of principles that include responsibility to the communities we serve and where we live and
work. In 2008, we launched a Corporate Citizenship Initiative, a global effort to address the environmental, social,
economic, and ethical challenges we face in our business. Among the issues we are addressing are carbon impact,
paper specifications and procurement, ethical conduct within our business and among our vendors, and community
and charitable support. For more information, please visit our website: www.wiley.com/go/citizenship.

All rights reserved. This book is authorized for sale in Europe, Asia, Africa and the Middle East only and may
not be exported outside of these territories. Exportation from or importation of this book to another region with-
out the Publisher’s authorization is illegal and is a violation of the Publisher’s rights. The Publisher may take legal
action to enforce its rights. The Publisher may recover damages and costs, including but not limited to lost profits
and attorney's fees, in the event legal action is required.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by
any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as permitted under
Section 107 or 108 of the 1976 United States Copyright Act, without either the prior written permission of the
Publisher or authorization through payment of the appropriate per-copy fee to the Copyright Clearance Center,
Inc., 222 Rosewood Drive, Danvers, MA 01923, website www.copyright.com. Requests to the Publisher for
permission should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street,
Hoboken, NI 07030, (201) 748-6011, fax (201) 748-6008, website http://www.wiley.com/go/permissions.

ISBN: 978-0-470-64623-6
Printed in Asia

10987654321



G Y

Bernard W. Taylor III and Roberta S. Russell

Bernard W. Taylor 111 is the Pamplin Professor of Man-
agement Science and Head of the Department of Business In-
formation Technology in the Pamplin College of Business at
Virginia Polytechnic Institute and State University. He re-
ceived a Ph.D. and an M.B.A. from the University of Georgia
and a B.LE. from the Georgia Institute of Technology. He is
the author of the book Introduction to Management Science
(10th ed.) and co-author of Management Science (4th ed.),
both published by Prentice Hall. Dr. Taylor has published
over 80 articles in such journals as Operations Research,
Management Science, Decision Sciences, IIE Transactions,
Journal of the Operational Research Society, Computers and
Operations Research, Omega, and the International Journal
of Production Research, among others. His paper in Decision
Sciences (with P. Y. Huang and L. P. Rees) on the Japanese
kanban production system received the Stanley T. Hardy
Award for its contribution to the field of production and oper-
ations management. He has served as President of the Deci-
sion Sciences Institute (DSI) as well as Program Chair,
Council Member, Vice President, Treasurer. and as the Editor
of Decision Line, the newsletter of DSI. He is a Fellow of
DSI and a recipient of their Distinguished Service Award. He
is a former President, Vice-President, and Program Chair of
the Southeast Decision Sciences Institute and a recipient of
their Distinguished Service Award. He teaches management
science and production and operations management courses
at both the undergraduate and graduate level. He has received
the University Certificate of Teaching Excellence on four
occasions, the Pamplin College of Business Certificate of

Teaching Excellence Award, and the Pamplin College of
Business Ph.D. Teaching Excellence Award at Virginia Tech.

Roberta S. Russell is a Professor of Business Information
Technology in the Pamplin College of Business at Virginia
Polytechnic Institute and State University. She received a
Ph.D. from Virginia Polytechnic Institute and State Univer-
sity, an M.B.A. from Old Dominion University, and a B.S.
degree from Virginia Polytechnic Institute and State Univer-
sity. Dr. Russell’s primary research and teaching interests are
in the areas of operations and supply chain management, ser-
vice operations, scheduling, and quality. She has published
in Decision Sciences, IIE Transactions, International Journal
of Production Research, Journal of Operations Management,
IEEE Transactions, Annals of Operations Research, Comput-
ers and Operations Research, and others. She is also co-
author of the Prentice Hall book Service Management and
Operations. Dr. Russell is a member of DSI, ASQ, POMS,
and IIE and a certified fellow of APICS. She is past Vice
President of POMS, past President of the Southwest Virginia
Chapter of APICS and has held numerous offices in South-
east DSI. She has received the Pamplin College of Business
Certificate of Teaching Excellence, the University Certificate
of Teaching Excellence, and the MBA Association’s Out-
standing Professor Award. She serves on the Education and
Research Foundation Board of APICS, and is a certified sup-
ply chain management professional (CSCMP). Her consult-
ing experience with IBM, AT&T, Dupont, Courtaulds, Xaloy,
Northrup Grumman Shipbuilding and others brings a practi-
cal perspective into the classroom.



(CHANGES IN THE SEVENTH EDITION \

This new seventh edition is organized around the increasingly important and prevalent topic of operations
as the creation of value along the supply chain. We describe how every chapter topic fits within a supply
chain framework in a company or organization in a global operating environment. To this end two
chapters deal directly with supply chain management: Chapter 10, Supply Chain Management Strategy
and Design, and Chapter 11, Global Supply Chain Procurement and Distribution. However, every chapter
includes material relating the chapter topic(s) to supply chain management. In addition, Chapter 5,
Service Design, reflects the expanding presence and importance of service companies in operations
management. We have also added new material in almost every chapter on an increasingly important
global topic: sustainability.

To help us show how the OM topics in this new edition all fit together within a supply chain
framework, we open each chapter with a specific example about one product: chocolate. Chocolate is
an ideal product to use as an example to introduce the various OM topics in this text because its supply
chain is global, and its production process is straightforward and interesting.

In addition to opening each chapter with a chocolate example, this new edition also includes
numerous new “Along the Supply Chain” boxes within each chapter that describe real-world business
applications of OM topics. This edition includes discussion questions that accompany many of these
boxes for in-class or online discussion.

Chapter 1 focuses on examples of excellence in operations management and on the strategic design
of operations and supply chain management. Chapter 2, Quality Management, emphasizes quality
management systems and has expanded coverage of Six Sigma, including the Six Sigma process, Six
Sigma tools, Six Sigma and profitability, and lean Six Sigma.

Chapter 4, has new sections on Design for the Environment. Chapter 5. Service Design, includes
discussions of the service economy, characteristics of services, the service design process, and tools for
service design. A streamlined waiting line analysis section is included in this chapter. Chapter 6 emphasizes
process analysis skills, and Chapter 7 contains examples of various service layouts.

Both Chapter 8, Human Resources, and Chapter 9, Project Management, emphasize diversity in the
workplace and global diversity issues. Chapter 10, Supply Chain Management Strategy and Design, and
Chapter 11, Supply Chain Procurement and Distribution, both focus on creating value along the supply
chain and include new material on sustainability. Chapter 11 includes a section on China’s increasing role
in the global supply chain. Chapter 12, Forecasting, and Chapter 13, Inventory Management, both
emphasize the important role of these topics in operations and supply chain management.

Chapter 14 introduces Sales and Operations Planning into the aggregate planning process. Chapter 15,
updates resource planning with discussions of SOA (service oriented architecture) and PLM (product
lifecycle management). Chapter 16, has sections on leaning the supply chain, lean services, value
stream mapping, and lean and the environment.

rMAJOR TEXT THEMES \

OPERATIONS STRATEGY: CREATING VALUE ALONG

THE SUPPLY CHAIN

A company’s plan for being competitive is its strategy. The success of a strategic plan is largely
determined by how well a company coordinates all of its internal processes, including operations, with
its suppliers and customers to produce products and services that provide value. Throughout this book,
we try to show how the functions and processes described in each chapter fit into a company’s strategic



design for the creation of value. In each chapter, we emphasize the need for considering the overall
strategic implications of particular operating decisions.

One way in which companies can gain a competitive edge is by deploying the basic functions of
operations management in a more effective manner than their rivals, e.g., build a better supply chain.
Therefore, we give literally dozens of examples that explain how companies deploy specific operations
functions along their supply chain to provide value and make them successful. Throughout the book,
“Along the Supply Chain™ boxes describe how successful companies have gained a competitive edge
through operations.

GLOBAL OPERATIONS

Companies and organizations today must increasingly compete in a global marketplace. The
establishment of new trade agreements between countries, innovations in information technology, and
improvements in transport and shipping are just a few of the factors that have enabled companies to
develop global supply chains. The opening of the global marketplace has only served to introduce more
competitors and make competition tougher, thus making strategic supply chain design even more
important for achieving success. In this edition, we have sought to introduce this global aspect of
operations into our discussion at every opportunity. In each chapter, we include examples that touch on
the impact of global operations relative to the topic under discussion, and we discuss how globalization
affects supply chain management.

SUSTAINABILITY

Environmental concerns are changing every aspect of operations and supply chain management from
product and service design, to supplier sourcing, to manufacture and delivery. In virtually every chapter of
this text we address the impact of “sustainability” (i.e., meeting present needs without sacrificing future
resources) and give examples of “green practices”. For example, in Chapter 4 on product design, we
discuss the design for environment lifecycle, eco-labeling, recycling and reuse, and sustainable operations.
In Chapter 6 on processes we discuss green manufacturing; in Chapter 7 on facilities we discuss LEED
certified green buildings; in Chapter 10 on supply chain management we discuss green sourcing; and in
Chapter 16 on lean systems we discuss lean and the environment.

SERVICES AND MANUFACTURING

We have attempted to strike a balance between manufacturing and service operations in this book.
Traditionally, operations management was thought of almost exclusively in a manufacturing context.
However, in the United States and other industrialized nations, there has been a dramatic shift toward
service industries. Thus, managing service operations is an important area of study. In many cases,
operations management processes and techniques are indistinguishable between service and
manufacturing. However, in many other instances, service operations present unique situations and
problems that require focused attention and unique solutions. We have tried to reflect the uniqueness
of service operations by providing focused discussions on service operations throughout the text. For
example, in Chapter 2 on quality management we specifically address the importance of quality
management in service companies, in Chapter 5 on Service Design we emphasize the differences in
design considerations between manufacturing and services, and in Chapter 14 we discuss aggregate
planning in services. One type of service examined in virtually every chapter in the book is health
care.

QUALITATIVE AND QUANTITATIVE PROCESSES

We have also attempted to strike a balance between the qualitative (or managerial) aspects of operations
management and the quantitative aspects. In the contemporary world of operations management, the
quantitative and technological aspects are probably more important than ever. The ability to manage
people and resources effectively, to motivate, organize, control, evaluate, and adapt to change, have
become critical to competing in today’s global markets. Thus, throughout this book we seek to explain
and clearly demonstrate how the successful operations manager manages and how to use quantitative
techniques and technology when they are applicable.

However, we attempt to present these quantitative topics in a way that’s not overly complex or
mathematically intimidating. Above all, we want to show how the quantitative topics fit in with, and
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complement, the qualitative aspects of operations management. We want you to be able to see both “the
forest and the trees.”

@ACHING AND LEARNING SUPPORT FEATURES \

This text is accompanied by many features and supplements both in the text and online for students and
instructors.

PEDAGOGY IN THE TEXTBOOK
“Along the Supply Chain” Boxes

These boxes are located in every chapter in the text. They describe the application of operations in a
real world company, organization or agency related to specific topics in each chapter. They emphasize
how companies effectively compete with operations management in the global marketplace. The
descriptions of operations at actual companies in these boxes help the student understand how specific
OM techniques and concepts are used by companies, which also make the topics and concepts easier to
understand. In addition, we have added discussion questions to these boxes to help students and
teachers “connect” the example to the chapter topics.

OM Dialogue Boxes

These boxes include dialogues with recent college business school graduates who are working in
operations management in the real world. They describe how they apply various OM topics in the text
in their own jobs and the value of their own OM training in college. This provides students with a
perspective on the benefit of studying operations management now and its future benefit.

Marginal Notes

Notes are included in the margins that serve the same basic function as notes that students
themselves might write in the margin. They highlight important topics, making it easier for students
to locate them; they summarize important points and key concepts and provide brief definitions of
key terms.

Examples

The primary means of teaching the various quantitative topics in this text is through examples. These
examples are liberally distributed throughout the text to demonstrate how problems are solved in a
clear, straightforward approach to make them easier to understand.

Solved Example Problems

At the end of each chapter, just prior to the homework questions and problems, there is a section with
solved examples to serve as a guide for working the homework problems. These examples are solved in
a detailed step-by-step manner.

Summary of Key Formulas
These summaries at the end of each chapter and supplement include all of the key quantitative formulas
introduced in the chapter in one location for easy reference.

Summary of Key Terms
Located at the end of each chapter these summaries provide a list of key terms introduced in that
chapter and their definitions in one convenient location for quick and easy reference.

Homework Problems, Questions and Cases

Our text contains a large number of end-of-chapter exercises for student assignments. There are over 560
homework problems and 55 more advanced end-of-chapter case problems. There are also 420 end-of-
chapter discussion questions including new questions. Answers to selected odd-numbered homework
problems are included in the back of the book. As we mention in the following *Online Resources for
Instructors™ section, Excel spreadsheet solution files are available to the instructor for the majority of the
end-of-chapter problems and cases.



ONLINE RESOURCES FOR STUDENTS,
WWW.WILEY.COM/GO/GLOBAL/RUSSELL
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No other innovation has affected operations management in the past few years as much as computer
technology and the Internet, and this is no less true in education. Therefore, we make full use of this
technology as a learning and teaching medium in the courses we teach and in our text. Students can link
to the text Web site where an exciting set of Internet resources have been compiled.

The text web site contains animated demo problems, interactive applications and exercises, and direct
links to other sources on the Internet. These various resources and learning tools are organized by chapter
and are flagged in the textbook with a web icon. Here are some of the items found on the text web site.

Web links for companies and concepts discussed in each chapter can be accessed online. These
provide enrichment for those students who want to learn more about a topic, and serve as a valuable
resource for student assignments and papers.

Virtual Tours provided for each chapter bring operations management to life. Selected tours are
accompanied by a set of questions directly related to concepts discussed in the chapter.

Internet Exercises provide up-to-date access to current issues in operations. These add immediacy
to classroom discussions and ensure that operations management topics remain relevant to the student.

Practice Quizzes are provided online where students can get immediate feedback on their progress.

EXCEL FILES OF EXHIBITS

Excel is used extensively throughout the text to solve various quantitative problems and many Excel
illustrations are provided throughout the text.

da-c eI ESRLELH i
T ame | i Ppe Mo Das  Rasew  View S e
R Bk i i i SRR RN S} SN . - S ‘ﬂ-ﬂ: = S
‘g*:.‘:._,.r-; S At IS Hresomn 54 e ; = g-g-? e
| ownat % PB4 e o> = i AR

Al
5,,

ﬁz

i

i
2]
3
4
3
6
7]
(3
o]
10
N

PO ILLILS S

Every Excel spreadsheet used to prepare the examples in the text is available on the text Web site for
students and instructors. They are organized by chapter and are listed by their exhibit number. Above is
an example of Exhibit 12.1 from Chapter 12 (Forecasting). Notice the file name is simply the Exhibit
number (i.e.. Exhibit 12.1.xls). Please look in each file carefully. In many cases several sheets in one file
have been used to display different parts of a problem, such as a graphical solution as well as a numerical
solution. Example files are also available for MS Project files in Chapter 9.

ONLINE RESOURCES FOR INSTRUCTORS

www.wiley.com/go/global/russell

Instructor’s Manual The Instructor’s Manual, updated by the authors, features sample course syllabi,
chapter outlines, teaching notes, experiential exercises, alternate examples to those provided in the text,
pause and reflect questions for classroom discussion, practice quizzes, videos guide, projects,
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Test Bank Fully revised from the previous edition by Scott Hedin of Gonzaga University this test bank
consists of true/false, multiple-choice, short answer, and essay questions. All questions have been
carefully accuracy-checked to ensure the highest quality of materials for our customers. The questions
are also available electronically on the textbook support site. The Computerized Test Bank, for use on a
PC running Windows, is from a test-generating program that allows instructors to modify and add
questions in order to customize their exams.

PowerPoint Presentation Slides The PowerPoint presentation slides, revised by Lance Matheson of
Virginia Tech, include outlines for every chapter, exhibits from the text, and additional examples,
providing instructors with a number of learning opportunities for students. The PowerPoint slides can
be accessed on the instructor’s portion of the 7™ edition Web site and lecture notes accompany each
slide.

Instructor Solutions Manual The Instructor Solutions Manual, updated by the authors, features
detailed answers to end-of-chapter questions, homework problems, and case problems.

Excel Homework Solutions and Excel Exhibit Files Excel solution files for the instructor are provided
on the Web site for the majority of these problems. In addition, Microsoft Project solution files are
provided for most of the homework problems in Chapter 9 (Project Management). Excel worksheets for
class handouts or homework assignments are provided for QFD, process flow charts, MRP matrices, and
others. Excel exhibit files for every example in the text solved with Excel are provided as templates for
solving similar problems for both student and instructor and are available on the text website.

Web Quizzes These online quizzes, revised by Scott Hedin of Gonzaga University vary in level of
difficulty and are designed to help your students evaluate their individual progress through a chapter.
Web quizzes are available on the student portion of the Web site. Here students will have the ability
to test themselves with 15-20 questions per chapter that include true-false and multiple choice
questions.

OM Tools OM Tools is an Excel add-in designed to accompany the Russell/Taylor, Operations
Management, 7" edition text. The software consists of 18 modules with over 60 problem types. OM
Tools is easy to use and interpret, and is accompanied by a help file with text references.

Virtual Tours Are online tours of service and production facilities. These are made available to students
on the student portion of the website, along with questions that help students apply the concepts they've
learned in the text to real-world companies. Answers to the Virtual Tours questions are available to
professors on the instructor Web site.

Wiley Operations Management Video Series, Winners of the Malcolm Baldrige Award Wiley Video
Series for Operations Management: Winners of the Malcolm Baldrige Award. Clips feature interviews and
footage from the inside of major companies. These videos are accompanied by a video guide, found on
the 7™ edition instructor Web site. Please go to www.wiley.com/go/global/russell, then to the Supplements
section, to get information on how to access a DVD of the videos.

OM Student Videos Offered on DVD and on the instructor companion website, we offer a collection of
videos done by students that provide excellent examples of the concepts illustrated in the text. These
videos can be accessed on the instructor companion Website. Please go to www.wiley.com/go/global/
russell, then to the Supplements section, for more information.

WileyPLUS

WileyPLUS is an innovative, research-based, online environment for effective teaching and learning.

What do students receive with WileyPLUS?

A Research-based Design. WileyPLUS provides an online environment that integrates relevant

resources, including the entire digital textbook, in an easy-to-navigate framework that helps students

study more effectively.

*  WileyPLUS adds structure by organizing textbook content into smaller, more manageable “chunks™.

* Related media, examples, and sample practice items reinforce the learning objectives.

* Innovative features such as calendars, visual progress tracking and self-evaluation tools improve
time management and strengthen areas of weakness.
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One-on-one Engagement. With WileyPLUS for Russell/Taylor, Operations Management, 7th ed. text,

students receive 24/7 access to resources that promote positive learning outcomes. Students engage

with related examples (in various media) and sample practice items, including:

* Animations based on key illustrations in each chapter

* Office Hours Videos, created by Jearl Walker, including: video sample problems, video discussions
of key concepts and topics, and math help videos

* Concept Simulations

* Interactive LearningWare problems

¢ Physics Simulations (interactive)

¢ Physics Demonstrations (video)

* Links to real world application examples from The Flying Circus of Physics

*  Guided Online (GO) Tutorial problems

* Concept Questions

Measurable Outcomes. Throughout each study session, students can assess their progress and gain
immediate feedback. WileyPLUS provides precise reporting of strengths and weaknesses, as well as
individualized quizzes, so that students are confident they are spending their time on the right things.
With WileyPLUS, students always know the exact outcome of their efforts.

What do instructors receive with WileyPLUS?

WileyPLUS provides reliable, customizable resources that reinforce course goals inside and outside of
the classroom as well as visibility into individual student progress. Pre-created materials and activities
help instructors optimize their time:

Customizable Course Plan: WileyPLUS comes with a pre-created Course Plan designed by a subject
matter expert uniquely for this course. Simple drag-and-drop tools make it easy to assign the course
plan as-is or modify it to reflect your course syllabus.

Pre-created Activity Types Include:
*  Questions

* Readings and resources

* Presentation

*  Print Tests

* Concept Mastery

* Project

Course Materials and Assessment Content:

* Lecture Notes PowerPoint Slides

¢ Classroom Response System (Clicker) Questions

¢ Image Gallery

* Instructor’s Manual

* Gradable Reading Assignment Questions (embedded with online text)

* Question Assignments: all end-of-chapter problems coded algorithmically with hints, links to text,
whiteboard/show work feature and instructor controlled problem solving help.

e Testbank

Gradebook: WileyPLUS provides instant access to reports on trends in class performance, student use
of course materials and progress towards learning objectives, helping inform decisions and drive
classroom discussions.

WileyPLUS. Learn More. www.wileyplus.com.
Powered by proven technology and built on a foundation of cognitive research, WileyPLUS has
enriched the education of millions of students, in over 20 countries around the world.
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