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xvi

Managing Supply Chain and Operations is targeted toward undergraduate- and graduate-level 
operations management courses that link to supply chain management in an effective and 
meaningful way. When we implemented this approach at our own university, we saw a tenfold 
increase in students in our major. Students are responding to the global nature of business, 
which has led to a realization that firms do not act alone to produce products and services. 
Although it may sound like a cliché, supply chains do compete against other supply chains.

This book takes a balanced approach and, although rigorous, is not solely focused on 
quantitative material. We approach the quantitative material from a managerial perspective, 
answering the question: “Where does it fit into a supply chain and operations (SC&O) man-
agement system?” We also recognize that most students in introductory operations courses 
are not operations or supply chain management majors. Because this course is often a service 
course, our approach will help students understand how and why this subject area applies to 
their roles as future managers.

A second motivation for this book emerges from the field. The field of SC&O manage-
ment has developed from the three academic disciplines of purchasing, logistics, and opera-
tions. Faculty members who are coming from these differing fields do not always see the world 
the same way, which has created some fragmentation within the course. By putting together a 
world-class team from these three different academic traditions, we have developed the inte-
grative model for SC&O management that brings these areas together. This model presents the 
glue that integrates these areas to provide a robust and complete textbook for students.

ey FeATureS
Pearson is the top publisher of business textbooks in the world, and all the resources of this 
publisher have gone into creating this text. This absolutely cutting-edge and up-to-date book 
is filled with scenarios and real-world examples that make it relevant to students.

  •   Each chapter has a defined set of Learn-
ing Objectives. Because AACSB is requir-
ing faculty to identify learning objectives, 
we provide them as an aid for faculty and 
students.

K
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Chapter Outline and learning ObjeCtives

➊ Understand the Relationships Between Services 
and Tangibles.
•	 Identify How Services and Nonservices Differ

➋ Identify and Apply the Key Elements of Service 
Design
•	 Describe how managers design for service quality.

•	 Explain how managers and designers design products 
for service recovery.

•	 Explain the differences between business-to- 
consumer (B2C) and business-to-business (B2B) 
services.

•	 Describe customer-interactive services and the 
components of the customer experience.

➌ Understand and Apply the Process Chain Network 
(PCN) Tool for Service Design
•	 Understand process chain networks.

•	 Explain process positioning.

•	 List the three process principles.

•	 List and use the steps in developing a PCN diagram.

➍ Describe and Use the Planning Service Capacity 
for Uncertain Demand
•	 Understand the components of capacity planning.

•	 Describe the tools that managers use to plan and 
manage capacity.

➎ Applying Queuing Theory

Service Design4

iMprOving QUALITY MANAGEMENT AND LOGISTICS

Customer 
Relationship 
management

Downstream 
Processes

operations 
management

Core 
Processes

Supply 
management

Upstream 
Processes

iMpaCting

integrating GLOBAL SC&O STRATEGY

innOvating
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Although this dental example may seem humorous, it illustrates the contrasts between 
service processes and a typical make-to-stock manufacturing operation. For example, a factory 
that makes dental tools can produce those tools even at times of low demand, and it can keep 
the tools in inventory until customers purchase them. The factory can wait for dentists to order 
the tools, but dentists cannot clean teeth in times of low demand; they can only clean teeth 
simultaneously with demand.

Table 4.1 provides examples of customer resources that are processed in service opera-
tions. In each case, the provider can prepare for production without customers, but requires 
customer resources to produce in a substantive, revenue-generating way.

Because production in service operations is dependent on customer resources, the design 
of services leads to unique challenges. We begin with the elements of service design.

 Managing Across Majors 4.1  Marketing majors, remember that service operations need 
information from marketing to help identify and understand customer needs.

he Key elemenTS of Service DeSign
An element of service design alluded to in the dentistry example is known as simultaneity, 
which means that the production of services occurs at roughly the same time as customer 
demand. Instead of producing ahead of demand, service production largely occurs after 
demand. Restaurants can prepare food products and set tables before customers arrive, but the 
revenue-generating activity of serving customers can only occur when customers arrive and 
present their demand (and their input resources).

In manufacturing, inventory is a great resource for dealing with fluctuations in demand. 
Manufacturing firms can often produce relatively constant quantities of goods across times of 
high demand and low demand. At times of low demand, manufacturers produce goods and 
store them in inventory, which can be used during times of high demand.

Because of simultaneity, service production usually cannot be inventoried. Instead, man-
agers must rely on extra capacity to meet fluctuations in demand. If the service provider believes 
that it is important to meet demand even during times of high demand, it needs to set the capacity 
to produce to match the high demand levels. During periods of low demand, it may leave much 
of the capacity idle.

T

< Table 4.1 Examples of Service Operations

Service Operation Customer Input Resources Service Provider Outputs

Accounting Financial records Financial statements

Air transportation Selves and baggage Transported passengers

Auto repair Broken car Repaired car

Consulting Business problems Business solutions

Dentistry Patient’s teeth Mended teeth

Education Student’s mind Educated mind

Legal services Legal problems Legal remedies

Healthcare Illness and injuries Healthier patients

simultaneity
Happens when the production 
of services occurs at roughly the 
same time as customer demand.
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  •  Managing Across Majors boxes 
directly address how students in 
different majors and disciplines 
will use SC&O concepts upon 
graduation. Making a clear con-
nection between the concepts 
and how students will use them 
reinforces their importance and 
relevance.
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  •  Opening Vignettes introduce a problem 
or scenario that an actual company has 
encountered. At the end of the chap-
ter, we discuss how that company used 
concepts from the chapter to address 
its needs. End-of-Chapter Vignettes 
also require assessment and application. 
These exercises provide students the 
skills they will need when they become 
managers.

Services are everywhere. Airplanes are flying around the world right now. Restaurants are 
feeding customers, hotels are providing lodging, therapists are counseling people, surgeons 
are healing, and on and on. The university or college that you are attending is also an example 
of a service. The mantra for business today is to provide better and better service to satisfy 
customers in order to increase market share and profitability.

In Chapter 3, we discussed the design of products and processes. In this chapter, we discuss 
service design. Service design is different from product design in that in a service system, the 
product is a process. There are many definitions of service. Some of them are as simple as “any-
thing that isn’t manufacturing,” but we adopt a more specific definition. Services operations 
are production processes wherein each customer is a supplier of process inputs. Services are 
the result of services operations. Implicit in this definition is the concept that customers are 
intimately involved in services. Our definition of services refers to what we would more pre-
cisely call a service operation, or an operation that processes customer inputs. This definition 
differs from the often-used (in academia) yet inaccurate assumption that services are intan-
gible products. Services are not only quite tangible, but can involve many tangible elements.

erviceS anD TangibleS
Services always involve a bundling of tangibles and 
intangibles. Tangibles are products, technology, and 
other outputs and inputs associated with services. 
Consider the service example of a dentist office. Den-
tistry includes the production process of cleaning and 
repairing patient’s teeth. Dentists use resources such 
as equipment, cleaning substances, trained labor, and 
physical facilities. The most essential resource den-
tists use, however, is customers’ teeth. Dentists cannot 
proceed with the teeth-cleaning process until after the 
customer provides teeth to clean.

S

services
The result of services operations.

services operations
Production processes wherein each 
customer is a supplier of process 
inputs.

tangibles
Products, technology, and other 
outputs and inputs associated with 
services.

Customer inputs to Mobile phone service

The customer plays a key role in services. Consider mobile phone service. 

You may not think that you have much influence on your phone service, 

but you do. You provide your location and your signal to your phone service 

provider; both are fundamental elements of mobile phone service. You can 

also change your carrier based on the quality of its service.

Every mobile phone user knows about those dreaded dead spots, 

locations where your carrier’s signal fails, calls drop, and data slows to a 

crawl. When you sign up for service, you’ve got to hope that the signal is 

decent at your primary locations, such as where you live and where you work.

Wouldn’t it be great if there were a way to instantly determine which cell phone 

carrier is best so that you could better evaluate the service you might receive? In this 

chapter, we will discuss service design and the role of the customer in design. At the end 

of the chapter, we will discuss one way to evaluate your cell provider.

Dentistry	is	an	example	of	
a	service.	While	they	use	
resources	in	their	work,	they	
cannot	complete	their	job	
without	a	patient’s	teeth	to	
clean	and	fix.
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can be challenging because different customer segments may have different needs that require 
different processes. In global connecTionS box 4.1, we travel to Canada to see how one telecom-
munications company has tailored its retail experience.

roceSS chain neTworK  
Tool for Service DeSign

Process chain network (PCN) diagram is a tool that managers can use when designing service 
delivery systems. This kind of flowchart evaluates the interactions between service providers 
and customers.

As we discussed in Chapter 3, flowcharts are graphical diagrams with boxes that represent 
process steps. The steps are connected by arrows that represent process dependency; an arrow 
between steps suggests that accomplishing one step is dependent on accomplishing another step.

A PCN diagram categorizes the flowchart steps according to whether or not they involve 
interaction between entities such as providers and customers. In PCN diagrams, an entity is a 
service provider, a customer, or a supplier. Entities can also be further up or down the supply 
chain, such as suppliers’ suppliers or customers’ customers.

P

entity
A service provider, a customer, or a 
supplier in a PCN diagram.

As managers, you need to understand what is the state of the 
art in designing the customer experience. One such example 
is Rogers. Rogers Communications, a wireless telecommu-
nications company, has designed a new retail store concept 
that includes a new design and a new service strategy.

Rogers introduced the new retail concept in Toronto, 
Canada. The store includes a high-touch approach that 
overcomes the coldness of telecommunications technol-

ogy. In the Rogers store, customers receive tailored services that serve their specific needs. 
In addition, the customer experience is entertaining and welcoming.

“Service and community are at the heart of our innovative new stores,” said Sian Doyle, 
vice president of retail at Rogers Communications. “This store opening is part of a larger 
retail transformation to enhance how we service and sell to our customers. With interactive 
learning sessions and seasoned tech experts available onsite, consumers can learn more 
and get the latest technology and services in-store.”

The following are some of the elements of the Rogers retail experience:

New modern design: The store uses an open concept that focuses the customer on 
Rogers’ innovativeness.

Personalized service: Every customer is met at the entry by a host who assesses the 
customer’s needs and sets the customer up with an appropriate customer service 
representative. Account questions and hardware needs can both be handled seam-
lessly in-store.

Latest products and experiences: Exciting product stations have been created where 
customers can access new products and participate in product demos.

Access to community and education: At the center of the Rogers store is a community 
table where customers can be trained in new hardware and software.

In-store goodies: The stores provide charging stations, free wifi, a children’s play area, 
refreshments, and magazines to read.

According to management, “Our new retail stores answer our customers’ need for in-
novative products and services that consistently deliver great value, where and when they 
want them, in a seamless, reliable, and easy to use way.”

Source: P. Law, “Rogers Unveils Innovative New Retail Store Design,” Canada Newswire, May 17, 2012.

Service Design Changes at Rogers <  global   
connecTionS 4.1

process chain network (PCN) 
diagram
A tool that categorizes flowchart 
steps according to whether or not 
they involve interaction between 
entities such as providers and 
customers.
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Service demand is variable and uncertain. Think of when you go to a retail store. The need 
for checkout cashiers can vary greatly throughout the day and week. A mistake such as not 
properly pricing products can lead to delays in cashier service time that can result in longer 
lines at the checkout as well as customer frustration. As a result, operational mistakes can use 
up service capacity because of rework. Therefore, firms must decide how much capacity to 
provide. Often, employees are somewhat flexible because they can be cross-trained to do dif-
ferent functions. Sometimes, part-time labor can be used, but because demand is uncertain, 
extra labor might need to be available.

Physical facilities and equipment are somewhat less flexible than other components 
and represent fixed costs. For example, gas stations must decide how many pumps to install. 
Because fixed costs dominate the cost structures of most services, using services efficiently 
becomes key to profitability.

Elements of capacity demand planning are found in the story of the new smaller urban 
Walmart stores discussed in Sc&o currenT evenTS 4.1.

Some other approaches for managing service capacity include (1) identifying the cost of 
service capacity and the cost of lost sales and (2) identifying the appropriate capacity level to meet 
demand. The tool that we use for this service capacity management issue is called the newsvendor 
model. Two other approaches for managing service capacity are coproduction and queuing theory.

Coproduction means that customers participate in the service delivery process, and therefore 
provide their own labor capacity. A common example is self-service retail checkout. The checkout 
process in retail involves people operating checkout terminals. Retailers need to decide how many 
checkout terminals and how many cashiers they need at different time intervals. If, however, the 
retailer provides self-serve checkouts in which customers operate the terminals themselves, the 
cashier capacity will exactly match demand because the customers are the cashiers!

Another way is to start with a target customer waiting cost and then calculate the amount 
of capacity needed to meet that target. The tool that managers use for these calculations is 
queuing theory. Queuing theory (or waiting line theory) is a method for determining cus-
tomer service system performance and wait times for customers who must wait in lines. We 
discuss queuing theory in greater depth later in the chapter.

capacity Planning Tools
There are some basic tools for capacity planning. We will begin with a forecast of demand 
that can then be used to identify an appropriate capacity level. The costs of excess capacity 

<  sC&O Current  
events 4.1

Managing service capacity is an issue for even the most 
successful companies. When you think of Walmart, you 
may think of large, unwieldy stores, a megastore where 
you can get everything, but that is not always the case. 
Walmart, though, wants to extend its business into 
urban spaces with the new Walmart Neighborhood 
Markets (formerly Walmart Express) concept, but it will 
require a new way of thinking about the retail business.

This new approach has led Walmart to new competitors and competition. Walmart’s 
competitors are now companies such as Dollar General and City Target, a new small-format 
Target store. In a way, Walmart is trying to replicate the success it has had internationally 
with small-store formats in the United Kingdom and Brazil.

To be successful, Walmart needs to adapt its supercenter approach. For example, for 
items such as cereal and jelly at a Walmart Neighborhood Markets, Walmart has tended to 
stock its supercenters with larger product sizes, which does not work well in a small format 
store. This change in store capacity drives changes in purchasing, supply chain practices, 
and merchandising.

Source: S. Banjo, “Can Walmart Think Small?” Wall Street Journal, May 17, 2012.

Building Smaller Stores at Walmart

queuing theory
A method for determining 
customer service system 
performance and wait times for 
customers who must wait in lines.

coproduction
Customer participation in the 
service creation process.
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  •  Each  chapter  spotlights  current  events 
and ties them directly to the chapter’s 
concepts. Students see how managers 
apply the information they are learning 
in the field. Every chapter has multiple 
SC&O Current Events boxes that make 
the material relevant to the students.

  •  Global Connections boxes focus on how 
SC&O management ties together supply 
chains across international boundaries. 
Learning how managers can use global 
supply chains and how international 
linkages benefit firms provides students 
an advantage once they enter the work-
force.
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You can also use Excel to apply newsvendor analysis to Solved Problem 4.2. 

<  uSing  
Technology 4.1  

a b C d e F g h i

1 Example 4-1 Newsvendor Analysis
2

3 Cost of understocking ($): 30 Critical Fractile: 0.75

4 Cost of overstocking ($): 10

5 Average demand (tables): 25 Optimal number of tables: 28.375		

6 Std dev of demand (tables): 5

7 z value: 0.675

8
(z value is from the table in the appendix, 

or use =norm.s.inv(G3) command)

9

10

11

12

=C5+C6*C7

=C3/(C4+C3)

<

figure 4.5
newsvendor excel spreadsheet

of 20. Newspapers that are not sold at the end of the day are worthless. So, the cost having too 
many (CO) is $0.10 per paper (the purchase cost), and the cost of having too few (CU) is $0.15 per 
paper (the lost profit, which is $0.25 revenue minus $0.10 cost). To find the critical fractile using 
the newsvendor model use Equation 4.1. So, here the critical fractile is 15/(10 + 15) = 0.60. 
The 0.60 point on a cumulative normal distribution (see Appendix Table A-2) is z = 0.255. So, 
the optimal number of newspapers is 100 + (0.255 * 20) = 105.1, or 105 newspapers. A more 
complete problem is given in SolveD Problem 4.2.

The Newsvendor Problem in Action

Problem: In service environments, an “inventory” issue is capacity. Service operations have a 
capacity for meeting customer demand according to how they are designed. If there is not 
enough capacity, customer demand may not turn into sales. Excess capacity comes with 
a cost as well.

For example, a restaurant chain is opening a new location in a business district. 
The question is how many tables to design in the restaurant. The key revenue period is 
the weekday lunch seating, so the restaurant desires to plan capacity for that demand. 
Lunchtime demand is forecast to be normally distributed with a mean of 25 parties and 
a standard deviation of 5 parties. (Assume one party per table.) How many tables should 
the restaurant have?

A naive view would have 25 tables, but that ignores the asymmetric cost structure. 
The average party spends $40 for lunch, with ingredient costs being 25 percent of that 
amount.

Solution: Therefore, the cost of insufficient tables (CU) is 40 - (40 * 0.25) = $30 per  
table, which is the average profit contribution per party. Each table takes up 100 square 
feet of space, and space costs $3 per square foot per month (approximately $0.10 per 
square foot per day). 

Therefore, the cost of an extra table is 100 * 0.10 = $10 per table per day. This cost 
suggests that an optimal number of tables would have CF = 30/(10 + 30) = 0.75, or 
75 percent of the cumulative distribution. Looking up 0.75 in the normal cumulative dis-
tribution table (see Appendix A-2) shows that z = 0.675. Therefore, the optimal number 
of tables is 25 + 0.675 * 5 = 28.375, or approximately 28 tables. See Figure 4.5 for the 
formulas and a sample layout for a newsvendor problem.

< SolveD Problem 4.2 

MyOMLab Video
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  •  The  text  includes  videos 
in MyOMLab for over 50 
Solved Problems from the 
text, allowing students to 
practice quantitative mate-
rial prior to coming to class.

  •  Using Technology Boxes 
walk students through the 
ways managers use technol-
ogy to solve SC&O problems 
in the workplace. Step-by-
step tutorials break down 
problems and solutions and 
provide computer-based 
fundamentals for SC&O 
problem solving.
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 Preface xix

  •  Summaries review the important topics discussed in the chapter.
  •  Key Terms are listed for review purposes, page references showing where the concept was 

first discussed.
  •  Integrative Learning Exercises are designed to get students to integrate multiple concepts 

throughout the chapter.
  •  Integrative Experiential Exercises are designed to get students out into the real world by 

visiting companies and learning how supply chain and operations concepts are applied. 
  •  Discussion Questions test student comprehension of the concepts presented.
  •  Solved Problems detail how to solve model problems using the techniques presented in 

the chapter. 
  •  Problems sharpen students’ skills by providing a wide selection of homework material.
  •  Cases challenge students to grapple with a problem that can be used as an in-class exercise 

or a homework assignment or team project.

OW ThIS BOOK IS OrgAnIzeD
In the first of four parts, (Part 1, Integrating Supply Chain and Operations Management) we 
introduce the field of SC&O management. Chapter 1 walks the reader through an integrative 
SC&O model, which conceptualizes the book’s content. The model includes upstream activi-
ties of supplier management and development, operations management, and downstream cus-
tomer relationship management. In Chapter 2, we present global supply chain strategy and 
sustainability. This chapter emphasizes the linkages inherent in supply chains, which include 
suppliers, producers, and customers. Cooperation and collaboration are essential to a smooth-
ly operating SC&O system.

h

 Discussion Questions 119

 3. We followed our service design discussion with details of the process chain network 
(PCN) diagram.

  a.  PCN diagrams provide a basis for process positioning, that is, determining best how to 
interact with customers and suppliers.

  b.  PCN diagrams place service processes in the context of supply chains.
 4. We then provided tools for managing services with uncertain capacity.
  a.  The first tool was the newsvendor model, which is useful for perishable capacity.
  b.  Next, we discussed queuing models as a means for optimizing customer service and 

waiting lines.

back office 105
coproduction 109 
critical fractile 110
customer experience 102
customer interaction 101
direct interaction 104
do-it-yourself (DIY) 105
entity 103
front office 105
independent processing 104
multiphase queue system 112
newsvendor analysis 110

poka yoke 100
process chain network (PCN)  

diagram 103
process domain 104
queue 102
queue configuration 112
queue discipline 113
queuing psychology 112
queuing theory 109
self-service 105
servers 112
services 98

service capacity  
planning 108

service offering 102
service operations 98
service recovery 101
service stations 112
service system 112
simultaneity 99
surrogate interaction 104
tangibles 98
time-perishable capacity 100
two-phase system 112

Key Terms

Identify an organization, company, or business that provides a 
service. Use a process chain network (PCN) diagram to evalu-
ate the interactions between service providers and customers 
for the organization. Be sure to identify the process domain 

region, the direct interaction region, the surrogate interaction 
region, and the independent processing region of the service 
design. If applicable, recommend improvements to the service 
delivery system that you evaluated.

integrative learning exercise

Together with a student group, visit a business or organization 
that provides a service. Identify a process or process segment 
in the business or organization that can be analyzed using a 
PCN diagram. Identify the process level, the process entities, 
and the beginning and ending steps of the process segment. 

Be sure to identify the points where the customer receives 
benefits and the provider incurs costs. Finally, comment on 
how moving and rearranging steps across and between pro-
cess regions might affect the value proposition by increasing 
customer benefits, decreasing provider costs, or both.

integrative experiential exercise

 1. Briefly describe service operations and service.
 2. In what ways do services involve tangible elements?

 3. Identify the customer input resources and the service 
provider outputs for the following service operations:  
accounting, education, computer repair, and healthcare.

Discussion Questions
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 1. The chapter began by reviewing the importance of tangibles in services.
  a.  All services involve a bundling of tangibles and intangibles.
  b.  Both the tangibles and intangibles have to be correct.
 2. We then discussed the key elements of a service design.
  a.  An important aspect of service design is that customers provide inputs to all services. 

This aspect is a major distinction between services and manufacturing.
  b.  B2B and B2C services differ in that the entities are different.

Summary

We began this chapter by talking about customer inputs to processes. One 

way to provide inputs is to evaluate and either select or fail to select a 

service provider. If you are an iPhone user, you can check the service quality 

of your provider and its competitors with an application (or “app”) such as 

CarrierCompare or Best Carrier, which looks at the signals of major iPhone 

carriers (such as AT&T, Sprint, and Verizon) at your current location.

To use the app, simply launch it. The program immediately begins sniffing for 

signals. The app tests for signals from the major competitors and gives the user a real-

time dashboard readout of the signal strength from the providers.

When the comparison is complete, the apps show the quality of the networks for 

various carriers based on network response, signal strength, and download speeds. 

What’s interesting is that you will often get different results when you run the apps, 

which makes sense. Cell tower congestion and signal interference, which affect connec-

tion quality, can change by the second.

The key is to do multiple scans over several time periods at the same location. After 

a while, a picture emerges. You may have relatively good service at home, generally fair 

service at the gym, and poor service at the university where you study, but other signals 

may be stronger. By doing multiple scans, you can get a complete picture of what 

each service provider can offer. When your service contract you can make an educated 

decision. Another company, RootMetrics, makes a map that shows cell coverage in a 

certain area.

These apps and maps make you a more knowledgeable consumer, allowing you 

to make better decisions about which carrier to use in the future. Before these types 

of apps, customers had no way to know how well a carrier would work for them. Now 

that customers can choose carriers with this information in hand, managers at cellular 

providers such as AT&T, Sprint, and Verizon need to adjust their coverage or risk losing 

market share.
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 4. What is meant by simultaneity in services? What is a 
major consequence of simultaneity?

 5. What are some long-term responses for increasing and 
decreasing service capacity?

 6. What is meant by the term time-perishable capacity as it 
relates to service operations? Provide an example.

 7. Customers are generally involved in the service delivery 
process. What are some negative consequences associated 
with customer interaction in the service operation?

 8. Briefly define and describe how a process chain network 
(PCN) diagram can be used in designing service delivery 
systems.

 9. How can you shift the focus of your operations using a 
PCN diagram?

 10. What trade-offs are generally made when making capac-
ity decisions?

 11. How do capacity choices vary in the near and long 
terms?

 12. How can queuing theory be used to help evaluate capacity 
decisions for service providers?

 13. Queuing psychology identifies ways that service opera-
tions managers can improve waits by improving the 
perception of those customers who do wait. What  
are some of the fundamental points related to queuing 
psychology?

 14. In waiting lines, sometimes technological advances can-
not make it easier to manage queues. How can psychology 
help with this problem?

 15. How does the newsvendor model allow service firms to 
evaluate capacity decisions?

Planning Service Capacity for Uncertain Demand
caPaciTy Planning ToolS
SolveD Problem 4.2

 1. A bookstore must decide how many copies of a special 
release of a political thriller to order. The demand for the 
book is assumed to be normally distributed with a mean 
of 2500 and a standard deviation of 150. The bookstore 
will sell the book for $25. It costs the bookstore $15 for 
each copy it stocks. There is no market for the book once 
the next book in the series is released; therefore, the book 
has no salvage value for unsold copies. How many copies 
of the book should the bookstore stock (order) if it wants 
to maximize its expected profit?
Answer:

CU = price - cost = 25 - 15 = $10
CO = cost - salvage = 15 - 0 = $15

CF =
CU

CO + CU
 =

10
10 + 15

= 0.4

z = -0.25
Q = m + z(s) = 2500 + (-0.25)(150) = 2462.5, 

or 2463 books

Queuing Theory
waiT TimeS
SolveD Problem 4.3

 2. A small video store has a single checkout aisle staffed by 
one cashier. Customers arrive at the checkout aisle at the 
rate of 25 every hour. The cashier is able to process 40 
customers per hour. Her service time is estimated to be 
exponentially distributed. Find the following:

 a. Average server utilization
 b. Average line length

 c. Average time spent in line
 d. Average number of customers in the system (in the 

video store)
 e. Average time spent in the video store

Answer:
l = 25 per hour 
m = 40 per hour

 a. average server utilization =
l

m
=

25
40

= 0.625

 b. average line length =   Lq =
l2

m(m - l)
=

252

40(40 - 25)
 =  

1.042 customers 

 c. average time spent in line = Wq =
Lq

l
=

1.042
25

 =  

0.0417 hour = 0.0417 * 60 = 2.5 minutes
 d. average number of customers in the system (in the video 

store) = Ls = Lq +
l

m
= 0.0142 +

25
40

= 1.6667

 e. average time spent in the video store = Ws =
Ls

l
 =   

1.6667
25

 =  0.0667 hour =  0.0667 *  60 =  4 minutes

SolveD Problem 4.4

 3. A clothing store has a single machine that screens logos 
onto shirts. The time to screen on the logo is a constant 
3 minutes. On average, there is a request for 10 screened 
shirts per hour. Compute the following:

 a. Average use of the machine
 b. Average number of shirts waiting to be 

screened

Solved Problems
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 c. Average time a shirt waits to be screened
 d. Average number of shirts waiting in the  

system
 e. Average time spent in the shirt-screening process

Answer:
l = 10 per hour

m =
60 min

3
= 20 per hour

 a. average utilization of the machine = average utiliza-

tion of the server =
l

m
=

10
20

= 0.5

 b. average number of shirts waiting to be screened =  

Lq =
l2

2m(m - l)
=

102

2(20)(20 - 10)
= 0.25 shirt

 c. average time a shirt waits to be screened = Wq =
Lq

l
 =  

0.25
10

= 0.025 hour = 0.025 * 60 = 1.5 minutes

 d. average number of shirts waiting in the system =  

Ls = Lq +
l

m
= .25 +

10
20

= 0.75 shirt

 e. average time spent in the shirt-screening process =  

Ws =
Ls

l
=

0.75
10

= 0.075 hours = 0.075 * 60 =  

4.5 minutes

SolveD Problem 4.5

 4. Calls arrive at a help desk at the rate of three every 2 minutes. 
The help desk has four service representatives who are able 
to handle incoming calls. If, on average, a representative can 
process one call in 2 minutes, compute the following:

 a. The average utilization of the representatives

 b. Average time a caller must wait to have his or her call 
answered

 c. Average amount of time a caller spends in the system.
Answer:

 l = 90 per hour =
60 min

2
* 3

 m = 30 per hour =
60 min

2
 M = 4

 a. average utilization of the representatives =
l

Mm
=

  
90

4 * 30
= 0.75.

 b. average time a caller must wait to have call answered =   

Wq =
Lq

l
. 

  Using Table 4.5:

   
l

m
 
90
30

= 3

   M = 4
   Lq = 1.5282

  Wq =
1.5282

90
= 0.017 hour = 0.017 * 60 = 1.0188

            minutes.
 c. average amount of time a caller spends in the system =  

 Ws =
Ls

l

   Ls = Lq +
l

m
= 1.5283 +

90
30

= 4.5283

   Ws =
4.5283

90
= 0.0503 hour =  0.0503 * 60 =

       3.0189 minutes

Planning Service Capacity for Uncertain Demand
newSvenDor ProblemS

 1. A local bookstand believes that the demand for the 
Olympic edition of a sports magazine is normally 
distributed with a mean of 1200 and a standard deviation 
of 200. Each copy of the magazine costs the bookstand 
$1.50 per copy, and the bookstand will sell the issue for 
$5.00. Following the Olympic Games, there will be no 
demand for the magazine, and all leftover copies will be 
recycled because they will have no salvage value. What is 
the optimal number of copies of the Olympic edition that 
the bookstand should order?

 2. The demand for next year’s wildlife calendar at a bookstore 
is assumed to be normally distributed with a mean of 500 
and a standard deviation of 75. Each calendar costs the 
bookstore $5.50 each and will be sold for $12.50 each. 

Any calendars remaining for sale after Christmas will 
be discounted and sold for $1.00 each. The bookstore 
believes that any calendar remaining to be sold after 
Christmas can be cleared at the $1.00 price. How many 
wildlife calendars should the bookstore stock if it wants to 
maximize its expected profit from wildlife calendars?

 3. A retail store must decide how many Mother’s Day 
cards to have in stock for this year’s Mother’s Day. Cards 
must be ordered months in advance, and there is only 
an opportunity to order one time. The store believes 
that the demand for cards will be normally distributed 
with a mean of 750 and a standard deviation of 50. The 
cards cost the shop $2.00 each and will be sold for $3.00 
each. Any cards remaining after Mother’s Day will be 
destroyed. How many cards should the retail store order 
for Mother’s Day?

Problems
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xlg enterprises

Tommy Hernandez had recently been assigned to the service design team at XLG 
Enterprises. Tommy had been with XLG for a little over two years when the opportunity to 
join the service design team became available. The service design team performs a variety 
of roles, one of which is to analyze and recommend improvements for existing customer 
service operations performed at XLG.

The design team is now analyzing a new customer service process. The process would 
handle a variety of customer requests, including billing disputes, shipping and product 
delivery issues, and product returns. These activities would take place at a newly designed 
service facility close to the XLG headquarters. Most of XLG’s customers are small to 
medium-sized businesses located in the same city as the proposed customer service facility. 
It is the hope of XLG management that the new central location for customer service will be 
a way to facilitate and expedite customer requests related to product billing, shipping, and 
returns. Customer orders would still be placed mostly over the telephone or the Internet. 
A sizable number of XLG customers would come to the customer service facility to pick 
up deliveries or to make returns. The facility would also handle customer-related issues 
concerning service and billing.

A stated goal of XLG management is that the facility should ensure that customers 
rarely have to wait more than 15 minutes before speaking to a service representative, even 
during the busiest of times. XLG anticipated that it would staff the new facility with two 
service representatives at all times. During the busiest times of the day, however, man-
agement recognizes that they might have to increase staffing to as many as six service rep-
resentatives to meet their stated objectives.

Tommy has been asked to join the team that was designing the new facility. As part 
of his role, he is to conduct analysis of customer waiting times. Tommy has been given 
information related to expected customer arrival rates during the busiest service periods 
throughout the day, average service times, and costs related to both resource staffing and 
customer waiting. Here is a summary of the information given to Tommy:

Tommy remembers studying waiting line analysis in his SC&O management course. A 
quick review of his old notes helps him recall that the total hourly costs of providing service 

caSe

 Time Period Arrival Rate

7 a.m.–1 p.m. 10 per hour

1 p.m.–5 p.m. 15 per hour

 5 p.m.–10 p.m.  6 per hour

Average service time per customer representative (all servers are 
assumed to have the same capabilities)

15 minutes

Cost of waiting (estimated hourly cost for customers in the XLG 
system, waiting and being served)

$20

Hourly cost of service representative (including benefits) $25

Average waiting time goal 3 minutes

 123
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xx Preface

Part 2, Innovating Supply Chain and Operations, focuses on how innovation provides 
firms and supply chain managers with a competitive advantage. In Chapter 3, we talk about 
innovatively designing and mapping production and manufacturing processes. We discuss 
many of the key considerations in product and process design: designing for manufacturabil-
ity, maintainability, reliability, and sustainability. In Chapter 4, we turn our attention to service 
design and introduce a new method of service process analysis called a process chain network 
diagram, developed by Scott Sampson. This innovative tool helps us completely reconceptual-
ize service process and service delivery. In Chapter 5, after we discuss how to design service 
processes, we emphasize the importance of customer relationship management. This discus-
sion includes gathering data about customers and managing customer feedback to drive im-
provement of service.

Part 3, Impacting Supply Chain and Operations Performance, reviews the nuts and bolts 
of SC&O management by introducing topics that affect performance. Chapter 6 introduces 
the enhanced profitability that results from managing suppliers and supplier relationships 
properly. Important tools for improving supplier performance are total cost of ownership and 
placing an emphasis on trust and collaboration. Chapter 7 introduces purchasing and sup-
ply management. This important SC&O function relies on scorecard metrics such as on-time 
delivery, dollars saved, days of inventory, quality, and contribution to cost savings. Chapter 8 
introduces several forecasting models and time series forecasting as well as the judgmental, 
naive, and causal forecasting methods.

Chapter 9 discusses inventory models for independent demand. Chapter 10 covers the 
important concepts of sales and operations planning, capacity management, and enterprise re-
source planning. Chapter 11 details the effect that performance has throughout the entire sup-
ply chain by introducing logistics management. There we discuss the five logistics processes: 
demand management, inventory management, transportation, warehousing, and structural 
networks.

Part 4, Improving Supply Chain and Operations Management Performance, focuses on 
how managers can improve their process performances. Chapter 12 introduces fundamentals 
of project management. There we discuss the life cycle of projects, including chartering and 
organizing projects, identifying project tasks, determining precedence relationships between 
tasks, determining task times, and the critical path method for controlling projects. We also 
discuss financial aspects of projects, including expediting. Chapter 13 provides an understand-
ing of the basics of supply chain quality management. The traditional aspects of quality such 
as Deming’s 14 points are discussed, and then we quickly transition into a discussion of quality 
on a global basis.

Chapter 14 focuses on quality control. We introduce control charts with a generalized pro-
cess for using and interpreting these charts. Chapter 15 discusses lean, Six Sigma, and change 
management. It is a fitting capstone to this book that will lay the foundation for success in any 
SC&O career.

uPPleMenTS
At the Instructor Resource Center, http://www.pearsonhighered.com/irc, instructors can 
easily register to gain access to a variety of instructor resources available with this text in 
downloadable format. If assistance is needed, our dedicated technical support team is ready to 
help with the media supplements that accompany this text. Visit http://247.pearsoned.com 
for answers to frequently asked questions and toll-free user support phone numbers.

  •   The Instructor’s Resource Manual, which includes:
  •  A Sample Syllabus
  •  Course Outline
  •  Teaching Tips
  •  In-class Activities
  •  Video Suggestions
  •  Class Discussion Questions

S
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  •  The Instructor’s Solutions Manual, which contains solutions to all:
  •  Discussion Questions
  •  Problems
  •  Case Questions
  •  The Test Bank, which features over 1,000 questions, including True/False, Multiple Choice, 

Fill-in-the-Blank, and Essay Prompts. Questions are organized by Learning Objectives 
and tagged by AACSB category.

  •  The Test Bank is also offered as a TestGen® Computerized Test Bank.
  •  PowerPoint Presentations, which combine art from the text with interesting lecture 

slides to engage students in classroom learning
  •  Included in MyOMLab are over 70 professionally developed videos. On-camera videos 

provide introductions to every chapter, and camtasia videos are provided for every quan-
titative example in the book.  This resource supports classroom efforts and allows instruc-
tor to “flip the classroom” if they so desire. 
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