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Objectives
Operations Management: Theory and Practice is the successful culmination of evolved ideas and 
clarity of thought arising out of teaching the subject at the Indian Institute of Management 
Bangalore for nearly 22 years. This book is the outcome of continuous testing of alternative 
ideas, concepts and pedagogical designs with MBA students, working executives from diverse 
industries, and research scholars.

Although there are several books available on the subject written by international authors, 
students find it difficult to relate to the examples used in them. The basic concept of this book 
is to bridge this critical gap by preserving all the salient features one usually finds in interna-
tional textbooks, and at the same time, to enrich the book with contextually relevant examples. 
Throughout my teaching career, I have discovered that contextual references can go a long way 
in helping the students relate to the concepts discussed. Furthermore, such references can fuel 
their imagination and improve their understanding of concepts. Therefore, the examples and 
the Ideas at Work boxes in this book draw the students’ attention to the issues faced by Indian 
organizations while applying the concepts discussed in the book. They also provide insights 
on the variations adopted by such firms in the practical application of these concepts. Since 
several firms and their product–service offerings are referenced throughout this book, I have 
provided an index of companies at the end of the book. 

Throughout the book, I have made an effort to provide a pleasant experience of going 
through seemingly tough models and concepts in operations management. I hope the readers 
will enjoy reading the book, and I look forward to receiving comments and suggestions from 
the students and teachers using this book at bmahadevan207@gmail.com.

New to the Third Edit ion

I am thankful to the instructors and students for providing several useful suggestions for 
potential improvements in the second edition. These have largely influenced the work on this 
edition. While retaining the most appreciated features of the earlier editions—Ideas at Work 
boxes, solved quantitative examples, and illustrations and examples from the Indian context—
I have updated the third edition to include a more current and holistic coverage of operations 
management. 

Here are the highlights of the changes in the third edition:

•• Chapter reorganization: The chapters have been reorganized so that students can easily 
position the relevance of the topics discussed and understand the critical linkages between 
various topics discussed in other chapters in a better way.

•• Changes in chapter titles: While incorporating the updates and changes in the chapter 
content, I have taken a more balanced perspective of topics by including more service sec-
tor applications and examples. This has necessitated, for example, to change the title of  
Chapter 15 to “Operations Planning”.

•• New chapter: Sustainability is increasingly becoming important for businesses. Several of 
the current students will be required to play a key role in managing businesses that are also 

Preface
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sustainable in their operations. In order to equip the students with the necessary understand-
ing of the related issues, a new chapter—Chapter 3 titled “Sustainability in Operations”—
has been introduced in this edition.

•• Updated material: Several topics such as the design of manufacturing processes, lean man-
agement and six sigma have been revised to make them more comprehensive. Moreover, 
many of the Ideas at Work boxes and the data provided in the tables have been updated to 
reflect recent events. The description of the new attempts by businesses to addresses sus-
tainability and project management pertaining to Terminal 3 of Indira Gandhi International 
Airport, New Delhi, are some examples in this category. 

•• Additions to the end-of-chapter exercises: Mini Projects and Net-wise Exercises have 
been updated in this edition to provide a wide range of application-oriented problems to 
students. Moreover, additional problem sets have been included in several chapters. These 
additions bring the students closer to the real-life applications of various concepts and help 
them relate to these concepts better.

•• Video Insights: This is a new feature introduced in this edition. In an era of media conver-
gence and availability of useful information on the Internet, the students need to benefit 
from these and expand their understanding and scope of application of the concepts dis-
cussed in the book. To facilitate this process, over 15 videos have been identified and their 
URLs have been provided so that students can pursue them. These videos cover the actual 
working of a variety of manufacturing and service firms and expert opinions and interviews 
on certain aspects of operations.

•• Formula Review: In chapters where several formulae have been introduced, a new feature 
has been added at the end of such chapters. This provides a quick summary of all important 
formulae covered in that chapter.

Organization

Operations Management: Theory and Practice (3e) comprises 19 chapters, which have been divided 
into four sections.

Part I: Conceptualizing Sustainable Operations consists of four chapters that introduce how to 
understand the operations function, the role of strategy in creating successful operations 
in firms, the need for making it sustainable and the manner by which such firms eventually 
become a physical reality to conduct their operations in the real life.

Part II: Operations and the Value Chain deals with the important issue of supply chain manage-
ment in three chapters. The topics covered in these chapters include supply chain management, 
facilities, location and sourcing and supply management.

Part III: Designing Operations consists of six chapters that deal with various elements of the 
design of an operations system. This includes process and capacity analysis, design of man-
ufacturing processes, design of service systems, product development and total quality  
management.

Part IV: Planning and Control of Operations consists of six chapters in which alternative approaches 
for the planning and control of operations are discussed.

PEDAGOGICAL Features
To enable students to understand the concepts discussed in the chapters, the following peda-
gogical features have been incorporated into each chapter:
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These are provided in each 
 chapter to help students 
 understand the concepts better. 
Document  containing the URLs 
can be  downloaded from the 
resource website. 

Video Insights

28  Operations Management

The outcome of the operations strategy formulation process is Step 6, the development of measures for opera-
tional excellence and the selection of specifi c options for confi guring the operations system, as illustrated in Figure 2.1. 
In order to confi gure an effective operations system, knowledge of the alternatives available for operations systems and 
measures of excellence is imperative. Some of these alternatives are described in the following sections.

2.3   MeASUReS FOR OPeRAtIONAL eXCeLLeNCe

The operations-strategy exercise is inextricably linked to developing measures for opera-
tional excellence. Such measures serve several purposes in the operations-strategy process. 
Operational-excellence measures provide the critical linkage between order-winning and 
order-qualifying attributes identifi ed through the strategic planning exercise and the choices 
made in the operations. Developing a set of measures pertaining to each attribute helps organi-
zations to evaluate how well the operations system is responding to the requirements of the 
marketplace. Based on this evaluation, necessary changes can be made to the operations system 
to align the activities with the strategic goals, should there be a mismatch or underperformance 
of the operations system.

Table 2.1 Comparison of Operations on the Basis of Some Operational Measures

Performance Parameters (1987)  Toyota Japan  general Motors, u.S.

Production of vehicles (million) 4 8

Number of employees 37,000 850,000

Parts on which detailed engineering is done (%) 30 81

Number of employees in purchasing 337 6000

Number of suppliers for upholstery 1* 25**

Design to customer delivery time (million hours) 1.7 3

Design to customer delivery time (months) 46 60

Notes: *Single supplier; **25 Suppliers were supplying components to the seat-building department.
Source:  J. P. Womack, D. T. Jones, and D. Roos, The Machine That Changed the World (New York: Rawson Associates, 1990).

Measures for Operational excellence: the Case of   Indigo Air lines

Airlines sector is going through several 
challenges ranging from huge capital 

costs, low utilization, rising fuel costs, and customer 
dissatisfaction on account of delays. As a result, all 

the major Indian airline companies are struggling 
to make profits. While other airlines are strug-
gling, Indigo seems to the thriving. In airlines sec-
tor, measures for timeliness, cost, and resource 

ideas
at Work

2.2

Operational-
excellence measures 
provide the critical 
linkage between order-
winning and order-
qualifying attributes 
identified through 
the strategic planning 
exercise and the choices 
made in the operations.

Video insights 2.1

A good operations strategy invariably takes an organization towards operational excellence. To know more about how 
forms can traverse through the path of operational excellence, find the video links (Video Insights) in the Instructor 
Resources or Student Resources under section Downloadable Resources (http://www.pearsoned.co.in/BMahadevan/) 
subsections Bonus Material.

In order to understand the important role of operational-excellence measures in the strategic planning process, let us look 
at an example of some operational measures. Table 2.1 provides an interesting comparison between Japan’s Toyota and the 
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Café Coffee Day: A Strategy for Affordable Luxury

Café Coffee Day (CCD) is India’s favourite 
coffee shop for the young and the young at 

heart. It is a part of India’s largest coffee conglomerate, 
Amalgamated Bean Coffee Trading Company Limited. 
In Asia, it has the second largest coffee estate owner-
ship, which endows it with abundant source of coffee. 
In addition, there are 11,000 small growers from whom 
CCD sources coffee beans. These choices with respect 
to the supply chain for coffee beans enable them to 
provide single origin coffee to the connoisseur.

In some sense, CCD has brought in the concept 
of cafés to India. The first CCD outlet opened in 1996 
on Brigade Road in Bangalore continues to be one 
of the most happening places in the city. Since then, 
CCD has grown into the largest organized retail cafe 
chain in the country. CCD outlets are also present in 
Vienna, Austria, and the Czech Republic. There are 
about 1700 outlets in India, and there are plans to 
increase it to over 2000 outlets in India and 200 in 
overseas by December 2014.

The concept, strategic intent, service delivery 
design, and various other choices made at CCD makes 
it unique. A typical CCD outlet is a smart, simple space 
where the customers could sit down, talk, and listen to 
conversations, hold short meetings, or even have a lot 
of good fun, all over steaming cups of coffee. A typi-
cal customer is about 25 years old and never visits the 
CCD outlet alone. In a CCD outlet, the coffee is served 
efficiently; the outlet is clean and the setting relaxed 
yet peppy. What distinguishes CCD from the other 
competitors such as  Barista,  Au Bon Pain, and  Costa 
Coffee is the pricing strategy, which the MNCs struggle 
to get after a few iterations. CCD offers a single-serve 
coffee machine that can dispense a cup of tea in about 

20 seconds. They have also developed a 5 Kg, 30 cm tall 
machine called Coffee Day Wakeup, which is likely to 
be priced under `5,000 compared to Italy’s Lavazza’s 
`15,000 product. The service delivery design of CCD is 
unique and is based on the strategic intent of providing 
an affordable luxury to the chosen customer segment. 
There are four formats available. These include Café 
Coffee Day, The Lounge, The Square, and XPRESS 
Outlets. There are over 1500 Cafés spread across 200 
cities in India where over 300,000 customers step in on 
a daily basis. The Lounge offers a wide range of food 
and beverages, targeting a more mature and affluent 
group of customers. The Square is a premium range of 
cafés catering to the connoisseur and widely travelled. 
The Lounge and the Square outlets are designed in 
such a manner that it can be used for a serious business 
conference or for a relaxed meeting. Facilities available 
include a free wi-fi, a presentation screen, single-origin 
coffee, and exquisite cuisine.

The XPRESS Outlets offer quick coffee to the 
moving population and are located in the city’s key 
spots. Each of these outlets is designed to suit the 
targeted customer segment. The XPRESS Outlets 
occupy just 60 square foot of space, whereas The 
Square and the Lounge are much bigger.

The strategy of CCD is to be the best Café chain 
by offering a world-class coffee experience at afford-
able prices. A closer look at various aspects of CCD 
suggests the importance of developing a corporate 
strategy and aligning various aspects of operations 
to the overall strategy. We shall see some of these 
aspects in detail in this chapter.

Source: http://www.cafecoffeeday.com; “Tomorrow’s Goliaths: 
Café Coffee Day”, Business Today, December 2, 2011, pp. 80–84.

ideas
at Work

2.1

Organizations constantly endeavour to maximize their value-creation opportuni-
ties and benefit from the same. The profit-making potential of an organization is 
directly related to the competitive advantage that it enjoys in the market over its 

competitors. Therefore, it is very important for every organization to seek an answer to the 
question: “What should the organization do to create competitive advantage for itself and 
sustain it for a longer time?” The strategy-making process addresses this critical question and 
provides some vital information that helps the organization to create competitive advan-
tage. A strategic planning exercise enables an organization to respond to market needs in 

Operations strategy 
is the process of 
making key operations 
decisions that are 
consistent with the 
overall strategic 
objectives of the 
organization.
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This novel feature in each chapter 
directly relates chapter concepts 
to real-world practices in the 
Indian scenario and enables 
students to develop an 
 application-oriented approach.

Ideas at Work boxes

The quantitative problems at the 
end of each chapter enable 
students to deepen their 
understanding of the concepts 
and models of Operations 
Management.

Problems
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 1. What does the term operations strategy mean? How is it 
different from corporate strategy?

 2. Why do firms engage in operations-strategy exercises? 
How often do they perform such exercises? 

 3. What are order-winning and order-qualifying attributes? 
Give three examples of each in the service and manufac-
turing industries.

 4. How do firms identify order-winning and order-qualify-
ing attributes?

 5. Briefly describe the strategy-formulation process. 

 6. What is the use of measures for operational excellence? 
Explain with the help of a few measures.

 7. What is the linkage between product choices and pro-
cess choices in an organization?

 8. An organization is currently manufacturing basic cook-
ing utensils for household use. Although it has been in 
operation for the last ten years, of late there has been 
a margin squeeze due to a fall in its sales volume. The 
organization is trying to decide if it should provide a 
wider range of product choices to its customers in order 
to improve its margins. What are your suggestions to the 
organization for resolving this confusion? Would your 

answer have been different if they were manufacturers 
of high-end premium cookware?

 9. What does world-class manufacturing mean? What are 
the characteristic features of a world-class manufactur-
ing organization?

 10. Why do some firms such as Arvind Mills invest in huge 
capacity in their operations? Will they benefit from this? 

 11. How can an organization configure its supply chain using 
an operations-strategy process? 

 12. What is the role of technology in operations strategy?

 13. What do you understand by the term flexibility–cost 
trade-off in operations strategy? 

 14. How does a world-class manufacturing organization dif-
fer from other organizations? 

 15. How do economic liberalization and globalization meas-
ures influence operations management practices? Give 
some specific examples to argue your case.

 16. What are the main factors promoting business process 
outsourcing? 

 17. How can the Internet affect the practice of operations 
management? Does it have any implications for opera-
tions strategy?

QR Ve UI ee SW t I O N S

 1. Quick Photo Solutions is in the business of process-
ing photographic films. The annual fixed cost of equip-
ment incurred by Quick Photo Solutions is `600,000. The 
demand for film processing is 50 rolls per day, and they 
work for 250 days a year. The variable cost of processing 
a film (including labour, power, and chemicals) is `90 per 
roll. Quick Photo Solutions is presently charging a pro-
cessing fee of `150 per roll.
(a) Compute the break-even point for Quick Photo 

Solutions.
(b) Is Quick Photo Solutions making any profit in the 

operations?
(c) Beginning next year, Quick Photo Solutions expects 

the processing cost to go up to `100 per roll on 
account of increase in the cost of power and 
chemicals. What will be the break-even point under 
the revised cost structure? Will the firm make any 
profit? By how much should the daily demand 
increase so that it can continue to have the same 
break-even period that it had prior to the price 
increase?

 2. Raja runs a reprographic service in a university cam-
pus. His investments in photocopying machines and 
physical infrastructure in terms of office space, consti-
tuting the fixed costs, amount to `250,000. The variable  
costs incurred by Raja are as follows: cost of one sheet 
of paper = 5 paise; cost of power = 12 paise per page; 
labour cost per page = 23 paise. Raja charges 60 paise per 
page for photocopying.
(a) What is the break-even volume for Raja?
(b) The expected daily demand for the service is 

estimated to be between 125 pages and 500 pages. 
How long will it take for Raja to break even at the 
extreme ends of the daily demand?

(c) If Raja brings down the rate to 55 paise per page, 
he is confident that he will reach the highest daily 
demand shown in his estimate. Will he then be able 
to reach break even faster?

(d) Raja is willing to invest another `50,000 on some 
improvements in his unit. This will bring down the 
labour cost to 18 paise per page. How long will he 
take to break even if he invests in the improvements? 

SOR B L e MP
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 • M. A. Cohen and H. L. Lee, “Strategic Analysis of 
Integrated Production-Distribution Systems: Models and 
Methods,” Operations Research 36, no. 2 (1998): 216–228.

 • C. Elrod, S. Murray, P. E. and S. Bande, “A review of perfor-
mance metrics for supply chain management,” Engineer-
ing Management Journal 25, no. 3 (2013): 39–50.

  Answer the following questions:
(a) Based on your understanding of the products 

and services offered, enumerate the supply chain 
management challenges that Asian Paints is likely to 
face.

(b) Can you relate the concepts discussed in the 
chapter to the Asian Paints situation? Identify some 
strategies that Asian Paints can utilize to manage 
their supply chain better. 

(c) How have they addressed some of the SCM 
challenges?

 1. Product markdown is the term used to denote the down-
ward revision of the selling price at the end of a season 
to clear leftover stocks. We see frequent examples of this 
in the textile industry.

 2. This is due to what is known as the risk pooling effect. In 
simple terms, if we accumulate  multiple data points hav-
ing uncertainty, the resultant variance will be lesser than 
the sum of individual variances.

 3. For details see, H. L. Lee and C. Billington, “Evolution 
of Supply Chain Management Models and Practice at 
Hewlett-Packard Company,” Interfaces 25, no. 5 (1995): 
542–63.

 4. For an excellent introduction to this subject, see,  
H. L. Lee, V. Padmanabhan and S. Whang, “The Bullwhip 
Effect in Supply Chains,” Sloan Management Review 38, 
no. 3 (1997): 93–102. 

 5. The term order-to-order is frequently used in business 
process reengineering literature to denote the elapsed 
time between a customer placing an order and the time 
when the order was finally fulfilled by the organization.

 6. M. L. Fisher, “What is the Right Supply Chain for Your 
Product?” Harvard Business Review (March– April 1997): 
105–116.

 7. We discuss these issues in detail in Chapter 17.

N O T E S

R E A D I N G SS U SG TG EE D

 1. Select two close competitors in any sector of industry 
and study their annual reports for the last three years. 
(a) Compute relevant measures of supply chain 

performance for both of them for these three years 
and report your significant observations from the 
study.

(b) Do you see any significant change in the 
performance in these companies during this period? 
If so, collect additional data and list down the 
possible reasons for such change(s).

(c) According to you, who is practicing supply chain 
management better? Can you support your claim 
by additional facts and figures?

 2. Select one company from each of the following sectors 
of the industry: petrochemical, automobile, machine 

tools, fast-moving consumer goods (FMCG), and turnkey 
project management. Study their annual reports.
(a) Compute relevant measure of supply chain 

performance for all the four companies and prepare 
a comparative table.

(b) What are your significant observations? Do you see 
any pattern in these computations?

(c) Relate the significant differences in the performance 
measures to the operating characteristics of each 
company.

(d) Do you have any recommendations to each of these 
companies?

(e) If these companies have to improve their supply 
chain performance, what are the likely areas of 
primary focus for each company?

PM I RN OI J E C T S 

 • C. Elrod, S. Murray, P. E. and S. Bande, “A review of per-
formance metrics for supply chain management,” Engi-
neering Management Journal 25, no. 3 (2013): 39–50.
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To help instructors guide 
 students through an applied 
learning process, the chapters 
provide Mini Projects. These ideas 
enable students to broaden their 
 understanding of the subject 
through extended work.

Mini Projects
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End-of-chapter case studies  
provide insights into the  
operations management practices 
of organizations in the service 
sector as well as the manufacturing 
sector.

Cases

Operations Strategy  43

 3. A manufacturer of condiments has to decide between 
Machines A, B, and C, three alternative 

Table 2.3 Cost data of Machine A, Machine B, 
and Machine C

Machine a Machine b Machine C

Fixed cost `20,000 `40,000 `80,000

Variable 
cost

`5 per unit `4 per unit `3 per unit

  machines available for final packaging. While the initial 
fixed costs are high for Machines B and Ccompared to 
Machine A, their operating costs are lower. The relevant 
cost data for each of the machines is given in Table 2.3.

  The manufacturer is not sure which machine he should 
choose. What should he do? 

  (Hint: Identify the volume of production at which use of 
these machines is justifiable)

 1. Visit the following links:
 • Spice Jet: http://www.spicejet.com
 • Jet Airways: http://www.jetairways.com/IN/

  On these Web sites, there are several links you can click 
on. Click on Products and Services, Plan Your Travel, 
and about us. After visiting both the sites, write a report 
to address the following questions:
(a) How do the two airlines differ in their objectives and 

strategies?
(b) Why and how are the in-flight services different from 

each other?
(c) What effect has Spice Jet had on the airline sector 

and on other airlines?

 2. BMW is one of the leading car manufacturers in the luxury 
car segment. It is known for its premium standards and 
quality. Visit the Company, research & Development, 
and Production links on the company Web site, www.
bmwgroup.com/e/o_o www.bmwgroup.com/forschung_
entwicklung/forschung_entwicklung_2011.html. There 
are several sub-links under these heads. Click on them to 
understand various aspects of BMW’s operations.

  Maruti manufactures India’s largest-selling car. Visit 
Maruti’s Web page, http://www.marutisuzuki. com/, and 
click on about us and Our Cars. 

  After visiting both the Web sites, prepare a report to 
answer the following questions:
(a) How are the strategies of the two companies 

different?
(b) Which customer segment do they cater to?
(c) Why does BMW have different brands while Maruti 

operates under one brand?

 3. Download the report on Dupont’s approach to 
Operational Excellence available at the following URL:

  http://www2.dupont .com/Consult ing_Services/
pt_BR/assets/downloads/OP%20E_White%20Paper_
FINAL_12%2014%2005.pdf 

  After going through the report, prepare a write-up by 
answering the following questions:
(a) Why should organizations address the issue of 

operational excellence? What benefits can they get 
out of this exercise?

(b) What are the salient features of Dupont’s approach 
to operational excellence?

(c) What is the significance of operational risk 
management? How is it addressed?

eN e Xt e- RW I S e C I S e S 

Roots Corporation Limited is a fully owned subsidiary of the 
Indian Hotels Company Limited (IHCL), which is a part of the 
Tata Group. With more than 90 properties, IHCL is India’s 
largest hotel chain. It has been in the hospitality sector for 

over a century. Roots Corporation Limited operates a group 
of hotels under the brand name Ginger Hotels. The first hotel 
was launched in Whitefield, Bangalore, in June 2004. Today, 
Ginger hotels are located in 27 cities in India.

GC A eS Re h: G I N O t e L 
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End-of-chapter supplements help 
students understand complex  
topics such as simulation and 
linear programming.

Supplements
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Simulation as a Modelling Tool

Consider a branch of the State Bank of India in a centrally 
located place such as the Nariman point in Mumbai. Let us 
assume that the branch manager has observed an increase 
in the waiting time of the customers. This problem requires 
some immediate attention, failing which dissatisfied custom-
ers may close the account and switch to a competition bank. 
The bank manager would want to understand the impact of 
the alternative operational choices that he/she has to address 
this problem. This, for example, may include adding two 
more counters, increasing the service rate by deploying some 
technology choices, adding some waiting spaces and resort-
ing to other mechanisms of reducing the demand placed on 
the servers. In order to analyse these alternatives, the bank 
manager needs to build a model of the system and study its 
behaviour with respect to key performance metrics such as 
waiting time.

In reality, the bank will cater to a variety of custom-
ers, including retail customers who have a personal savings 
account in the branch, small and medium business custom-
ers, and large industrial clients. Further, there will be multiple 
counters with random fluctuations in arrival and service pat-
terns. Due to these, the operation system is likely to be much 
more complex than what the available queuing models can 
solve. The behavioural patterns of the service providers in the 
branch and significant variations in the arrival patterns of the 
customers at the branch, not only during the working hours 
on a particular day but also across calendar days, makes it 
very difficult to analyse the problem realistically, using the 
available mathematical models. Therefore, alternative solu-
tion methodologies are required to understand the impact of 
several operational choices that the bank manager may have 
in front of him/her.

Like the bank manager’s problem, several operations 
management problems do not lend themselves to modelling 
and analysis using the available simple mathematical models. 
For example, if we analyse the traffic and capacity problem 
in a supermarket, we will find that using the simple single-
server queue with the steady-state condition may not truly 
reflect the working conditions of the supermarket. The study 
of realistic situations requires complex modelling techniques, 
which not only makes the modelling effort difficult but 
also results in intractable solutions many a time. In opera-
tions management, we face such situations quite often and 
therefore require alternate mechanisms which will enable 
us to analyse the problems and obtain some insights about 
possible solutions that could be implemented. Simulation is 
a well-known method developed during the Second World 

War period. It enables an operations manager to model 
complex real-life situations and obtain some insights into the  
problem.

Simulation, in simple terms, is a mechanism in which a 
numerical model is built in which the reality is mimicked. By 
repeated use of the numerical model, it is possible to obtain 
some insights about the behaviour of the system and to use 
this information to make certain choices about the operating 
system. A simulation model is often resorted to under the  
following conditions:

 • When the system to be studied does not lend itself to any 
readily available mathematical model.

 • When mathematical models are available to study the 
system, but there are no known solution methodologies 
to derive some insights into the problem.

 • When a complex set of random events tend to affect the 
behaviour of the system and therefore it requires some 
stochastic analysis of the problem.

 • When the existing solution methodologies are too 
expensive.

 • When it is prohibitively costly or unadvisable to tamper 
the operating system to study the impact of the alterna-
tives to be considered.

The following elements will invariably be required to build a 
simulation model:

 • A clock to keep track of the passage of time in which the 
behaviour of the system is observed. On several occa-
sions, the clock is used to stop or terminate the simula-
tion. Simulations are normally terminated by either the 
number of arrivals or the absolute value of the clock.

 • A random number generator to sample random numbers 
and use them to incorporate certain stochastic elements 
of the system being studied.

 • Mechanisms to collect data of interest as the clock 
advances from time zero to the end time. 

We shall understand these aspects of building a simulation 
model and using the model to obtain data as simulation 
proceeds in order to gain some insights about the system 
being studied.

The use of random Numbers

Central to the simulation methodology is the use of random 
numbers to model the stochastic behaviour that we face in 
real life in several operations systems. Let us use a simple 
example to understand the logic of using the  available ran-
dom number generators and mimic the behaviour of the 
system that we want to study by incorporating some of the 

SUPPLEMENT 10A: SIMULATION MODELLING
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Teaching and Learning Package

A variety of resources has been  provided with this book to help students understand the con-
cepts better and to aid instructors in teaching the subject. These include:

½½ Videos Insights: 15 video URLs have been identified and provided for the students to con-
nect theories taught in the classroom with real-life examples. This pedagogical feature 
brings together videos giving insight into prevalent industrial practices, manufacturing 
procedures and interviews for conceptual clarity.

½½ Instructors’ Manual: Instructors have access to special material prepared for them, includ-
ing an instructors’ manual with suggested cases for use, alternative course outlines and 
other relevant information.

Through Net-wise Exercises, 
students are exposed to online 
data so that they can access a 
wealth of information on various 
additional topics related to the 
chapter and also apply the chapter 
concepts to this data.

Net-wise Exercises
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 3. A manufacturer of condiments has to decide between 
Machines A, B, and C, three alternative 

Table 2.3 Cost data of Machine A, Machine B, 
and Machine C

Machine a Machine b Machine C

Fixed cost `20,000 `40,000 `80,000

Variable 
cost

`5 per unit `4 per unit `3 per unit

  machines available for final packaging. While the initial 
fixed costs are high for Machines B and Ccompared to 
Machine A, their operating costs are lower. The relevant 
cost data for each of the machines is given in Table 2.3.

  The manufacturer is not sure which machine he should 
choose. What should he do? 

  (Hint: Identify the volume of production at which use of 
these machines is justifiable)

 1. Visit the following links:
 • Spice Jet: http://www.spicejet.com
 • Jet Airways: http://www.jetairways.com/IN/

  On these Web sites, there are several links you can click 
on. Click on Products and Services, Plan Your Travel, 
and about us. After visiting both the sites, write a report 
to address the following questions:
(a) How do the two airlines differ in their objectives and 

strategies?
(b) Why and how are the in-flight services different from 

each other?
(c) What effect has Spice Jet had on the airline sector 

and on other airlines?

 2. BMW is one of the leading car manufacturers in the luxury 
car segment. It is known for its premium standards and 
quality. Visit the Company, research & Development, 
and Production links on the company Web site, www.
bmwgroup.com/e/o_o www.bmwgroup.com/forschung_
entwicklung/forschung_entwicklung_2011.html. There 
are several sub-links under these heads. Click on them to 
understand various aspects of BMW’s operations.

  Maruti manufactures India’s largest-selling car. Visit 
Maruti’s Web page, http://www.marutisuzuki. com/, and 
click on about us and Our Cars. 

  After visiting both the Web sites, prepare a report to 
answer the following questions:
(a) How are the strategies of the two companies 

different?
(b) Which customer segment do they cater to?
(c) Why does BMW have different brands while Maruti 

operates under one brand?

 3. Download the report on Dupont’s approach to 
Operational Excellence available at the following URL:

  http://www2.dupont .com/Consult ing_Services/
pt_BR/assets/downloads/OP%20E_White%20Paper_
FINAL_12%2014%2005.pdf 

  After going through the report, prepare a write-up by 
answering the following questions:
(a) Why should organizations address the issue of 

operational excellence? What benefits can they get 
out of this exercise?

(b) What are the salient features of Dupont’s approach 
to operational excellence?

(c) What is the significance of operational risk 
management? How is it addressed?

eN e Xt e- RW I S e C I S e S 

Roots Corporation Limited is a fully owned subsidiary of the 
Indian Hotels Company Limited (IHCL), which is a part of the 
Tata Group. With more than 90 properties, IHCL is India’s 
largest hotel chain. It has been in the hospitality sector for 

over a century. Roots Corporation Limited operates a group 
of hotels under the brand name Ginger Hotels. The first hotel 
was launched in Whitefield, Bangalore, in June 2004. Today, 
Ginger hotels are located in 27 cities in India.

GC A eS Re h: G I N O t e L 
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½½ MS Excel-based Solutions: All the exercises in the book are available in the form of Excel 
files. The files have additional scope for “what if” scenarios in some problems, enabling 
instructors to create as many variations of the problem as required. 

½½ PowerPoint Slides: All chapters have a corresponding PowerPoint file highlighting the key 
concepts discussed in that chapter.

½½ Multiple-choice questions: The multiple-choice questions on the companion Website are 
designed to test students’ comprehension of key topics. 

Both Instructor and student resources are available on the book’s companion Website,  
www.pearsoned.co.in/bmahadevan
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2

C H A P T E R

CRITICAL
QUESTIONS

Part I
Conceptualizing Sustainable Operations

Operations Management: 
Trends and Issues 1

After going through this chapter, you will be able to answer the following questions:

 • What do you understand by the term operations management?

 • What is the status of the manufacturing and service industries in India?

 • What are the emerging opportunities and challenges for operations management?

 • Can the principles of operations management be applied to both manufacturing and 
service organizations?

 • What is the role of operations in an organization?

 • What are the key components of an operations management system? What is the nature 
of the interaction among them?

The success of Narayana Health 
(NH) is mainly due to the proper 
implementation of operations 
management in its day-to-day activities. 
The growth of NH to 14 multi-speciality 
hospitals is mainly because of its 
planning, passion, and compassion; 
this is what operations management 
is all about. Managing a workforce of 
12,000 is mainly attributed mainly to 
strategic thinking and implementation. 
The success rate is made possible by 
employing cost reduction in several 
methods. The main vision of the NH 
group is not to lose a single patient in 
terms of want of money and conducting 
the surgeries in a cost-effective manner. 
Source: Franck Boston. Shutterstock
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Operations Management: Trends and Issues  3

narayana health (nh): a Journey that Began with Wining the hear t of  India

Indians are three times prone to heart dis-
eases than Europeans. By 2013, while there 

is a need for 2.5 million heart surgeries per year in 
India, we are doing only 90,000. Moreover, India 
produces 80 cardiologists a year compared to 800 
in the US. There is a huge shortage of doctors and 
paramedical staff in the country. To complicate the 
matter even more, 70% doctors are in urban areas, 
whereas 70% people live in rural areas. This appears 
to be a serious problem of lack of adequate  health-
care for the citizens. However, a closer look at the 
story of  Narayana Health (NH) suggests that mass 
healthcare cover is not about money but about plan-
ning, passion, and compassion. Operations Manage-
ment can work at its best to address such problems.

NH journey first started with a 300-bed hospital 
started by Dr. Devi Shetty in the outskirts of Banga-
lore city in 2001 that began providing heart surgeries 
to patients at significantly low costs. Currently, the 
group has 14 hospitals in multiple locations with 
multiple specialties that offer a total of 5,700 beds. 
Over the next 18 months, there are plans to add new 
hospitals in Siliguri, Bhubaneswar, Mysore, Mumbai, 
and Delhi in addition to Cayman Islands and Malay-
sia, which will add another 2,500 beds capacity to the 
NH network. There are plans to expand this to about 
30,000 beds by 2020. On account of this, the work 
force is likely to grow from the current strength of 
12,000 to nearly 40,000. Managing such a massive 
expansion requires sound strategic thinking, crea-
tion of new facilities in a cost-effective manner, and 
operating them on a day-to-day basis with better 
planning. All these issues belong to the domain of 
Operations Management.

Many of the operational aspects of the NH net-
work are governed by the vision that nobody should 
go back from the hospital for want of money. A heart 
surgery package at NH could be anywhere between 
`75,000 and `150,000 compared to a typical cost of 
`300,000 in other hospitals. Achieving such dramatic 
cost reduction calls for employing several meth-
ods. These include input cost reduction,  benefiting 

from process innovations and scale economies, and 
bringing innovative ideas in design of facilities and 
resource deployment. Further, productivity improve-
ments would be very crucial and an ongoing activity 
in such a system. In NH, we find several examples 
illustrat ing these.

Due to volumes and supplier development 
efforts, NH is able to buy a pair of glove at `4.50 as 
against `9.50 by directly sourcing it from Malaysia. 
Many of the expensive equipment such as MRI scan 
machine are installed by vendors on a pay-per-use 
model rather than an outright purchase. This brings 
down the cost of an MRI scan and also increases its 
utilization. Hospitals are located on the outskirts of 
the cities to bring down the capital costs. The Mysore 
cardiac hospital was built using pre-fabricated mate-
rials and has no air-conditioning, except in operation 
theatres, thereby bringing down the cost of the facil-
ity dramatically low.

Another strategy to bring down the cost is to 
increase the volume of patient flow. To achieve this, 
NH has diversified into multi-specialties (such as 
Eye care, Orthopaedics, Neuroscience, and so on). 
Furthermore, NH recruits the best doctors and pays 
them as per the best industry standards. However, 
they are convinced to work a little extra. For the 
doctors at NH, 10 years ago, the plan was to do five 
surgeries a day with a 150-bed capacity, which itself 
was felt high. However, currently with 5,700 beds, 
they perform 30 surgeries a day. As a result, nearly 
10–12% of all cardiac surgeries performed in India is 
done in NH network.

Narayana Health is an example of a service sys-
tem. Like NH, every other service organizations as 
well as manufacturing organizations face similar set 
of issues, although in varying degrees. As illustrated 
in the case of NH, these issues can be addressed by 
applying several tools and techniques, collectively 
known as Operations Management. 

Source: Based on Babu, V. (2012), “Pulse on the future”, Business 
World, March 5, 2012, pp 40–45; Chaki, D. (2013), “Straight from 
the heart”, Business India, Sep. 30–Oct. 13, 2013, pp 61–63.

ideas
at Work

1.1
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4    Operations Management

1.1 � Introduction to Operations Management

Manufacturing, service, and agriculture are the major economic activities in any country. In India, manufacturing and 
services together constitute nearly 75 per cent of the gross domestic product (GDP). In recent years, growth in the GDP 
has been primarily due to the growth in these sectors of the economy. Moreover, the share of the service sector in the 
GDP has grown steadily from about 40 per cent to over 51 per cent between 1996 and 2006. In view of their contribution 
to the country’s GDP, management of manufacturing and service operations are important economic activities. Signifi-
cant improvements in productivity and cost savings can be achieved through operations management—a discipline that 
focuses on activities that relate to the planning and control of operations in manufacturing and service organizations. 
Efficient operations management can also have a positive impact on the overall health of the economy. 

A manufacturing firm essentially engages in converting a variety of inputs into products that are useful for individuals and 
organizations. For example, a manufacturer of machine tools employs several production workers, buys raw material and 
components from various suppliers, and manufactures machine tools in a factory using an extensive array of manufacturing 
facilities. In this case, the factory encompasses a large number of interrelated conversion processes for the transformation of 
raw material into the final product, that is, the machine tool. 

A service organization, on the other hand, responds to the requirements of customers and satisfies their needs through 
a service delivery process. Service organizations leave an impression in the minds of their customers through their service 
delivery. Typical examples of such organizations include management consultancies, automobile garages, hotels, hospitals 
and banks. A service organization may not always make use of material inputs and may not always produce products that 
are used by the customer. For instance, a law firm providing legal consultancy to its clients may not provide material inputs to 
the system or produce material output. Instead, the input and output are informational and experiential in nature. However, 
in the case of a service system like an automobile garage, a restaurant or a health care system, there are material inputs and 
material outputs (in the form of products consumed by the customers, as in the case of a restaurant). Despite this difference, 
service systems also have a conversion process that utilizes resources and delivers useful outputs from the system.

An operations system is defined as one in which several activities are performed to transform a set of inputs into a useful 
output using a transformation process. These inputs and outputs can be tangible, in the form of raw materials and physical 
products, or intangible, in the form of information and experiences. Viewed in this manner, manufacturing and service 
systems could be broadly classified as operations systems. Operations management is a systematic approach to address-
ing issues in the transformation process that converts inputs into useful, revenue-generating outputs. Four aspects of this 
definition merit closer attention:

½½ Operations management is a systematic approach. It involves understanding the nature of issues and problems to be stud-
ied; establishing measures of performance; collecting relevant data; using scientific tools, techniques, and solution 
methodologies for analysis; and developing effective as well as efficient solutions to the problem at hand. Therefore, 
for successful operations management, the focus should be on developing a set of tools and techniques to analyse the 
problems faced within an operations system.

½½ Operations management involves addressing various issues that an organization faces. These issues vary markedly in terms of 
the time frame, the nature of the problem, and the commitment of the required resources. Simple problems include 
deciding how to re-route jobs when a machine breaks down on a shop floor, or how to handle a surge in demand in a 
service system. On the other hand, decisions such as where to locate the plant, what capacity to build in the system, 
and what types of products and services to offer to the customers require greater commitment of resources and time. 

Operations management provides alternative methodologies to address such wide-ranging 
issues in an organization.

½½ Transformation processes are central to operations systems. The transformation process ensures that 
inputs are converted into useful outputs. Therefore, the focus of operations management is 
to address the design, planning, and operational control of the transformation process.

½½ The goal of operations management is to ensure that the organization is able to keep costs to a minimum 
and obtain revenue in excess of costs through careful planning and control of operations. An appropriate 
performance evaluation system is required for this. Therefore, operations management also 
involves the development of performance evaluation systems and methods through which the 
operating system can make improvements to meet targeted performance measures.

Operations 
management is a 
systematic approach to 
addressing issues in the 
transformation process 
that converts inputs 
into useful, revenue-
generating outputs.
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Operations Management: Trends and Issues    5

Since manufacturing and service organizations form the operations system, it helps to understand the prevalent trends 
and the status of manufacturing and service organizations in India before we dwell on the various elements of operations 
management.

1.2 � MANUFACTURING AND SERVICE SECTOR TRENDS IN INDIA

The index of industrial production (IIP) is a measure of the growth in the manufacturing sector. The Centre for Monitoring 
Indian Economy (CMIE) collects data on several macroeconomic indicators, including the IIP. Table 1.1 shows some of the 
salient aspects of the manufacturing and service sectors of the Indian economy. It is evident from Table 1.1 that the cor-
porate sector has been going through tough times. There has not been much growth in sales revenue. However, there has 
been a steady increase in operating expenses and compensation to the employees. This has resulted in a situation where 
the profit after tax (PAT) has been progressively and significantly shrinking in the last three years. The service sector com-
panies have been experiencing this more significantly than the manufacturing sector companies as evident from the table. 
On the whole, this points to the importance of deploying sound operations management practices in both manufacturing 
and service sectors of the Indian economy.

Over the years, there has been an increase in raw-material consumption. This perhaps indicates that manufacturing 
organizations are increasingly buying components and semi-processed items from suppliers. Furthermore, there has been 
a gradual increase in the cost of material and labour, which are primary inputs in the manufacturing system. Such an 
increase in the input cost is likely to put greater pressure on firms to cut down waste and improve productivity to remain 

Table 1.1  Salient Aspects of  the Corporate Sector of  the Indian Economy

Index of Industrial Production 2009–10 2010–11 2011–12 2012–13

Manufacturing 4.84 8.95 3.00 1.29

Capital goods 0.99 14.75 −3.97 −6.04

Consumer goods 7.65 8.57 4.37 2.43

Intermediate goods 6.03 7.39 −0.62 1.60

Corporate sector performance

Manufacturing sector

Sales 5.0 20.7 19.3 9.3

Operating expenses 4.8 22.3 19.6 10.1

Raw materials expenses 6.9 25.1 21.5 8.3

Compensation to employees 10.9 15.0 9.1 12.7

Profit After Tax (PAT) 43.1 15.4 18.4 −4.6

No. of companies 8751 8320 5690 3978

Non-financial services sector

Sales 8.3 15.7 13.6 2.7

Operating expenses 6.1 17.7 15.3 1.3

Compensation to employees 5.3 15.0 14.3 14.1

Profit After Tax (PAT) 15.3 −28.0 −54.5 −7.7

No. of companies 6137 6125 4328 3065

All numbers in the table represent growth % over the previous year.
Data compiled from Economic Outlook of Centre for Monitoring Indian Economy (CMIE) using their time series data available at http:// 
economicoutlook.cmie.com
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6    Operations Management

competitive in the market. Therefore, the focus areas of operations management are likely to be in the areas of better sup-
plier management, elimination of waste from the system, and improvement in overall productivity. Several sectors of the 
industry have been focusing on some of these initiatives.

Globally, India is emerging as an important manufacturing base and is competing closely with China in attracting sev-
eral multinational companies to set up their manufacturing plants. Several studies point to emerging opportunities for 
Indian manufacturing to grow and attain a global presence. India has a unique advantage in the form of abundant low-cost 
labour and technical manpower. The Global Manufacturing Competitiveness Index 2013 released by Deloitte rated India 
at number four, next to China, Germany, and the US among 38 countries. It predicted India to reach the second position 
in the next 5 years. The report suggested that India’s rich talent pool of scientists, researchers, and engineers as well as 
its large, well-educated English-speaking workforce and democratic regime would make it an attractive destination for 
manufacturers. Global manufacturing executives increasingly view India as a place where they can design, develop, and 
manufacture innovative products for sale in local as well as in global markets. Therefore, Indian manufacturing firms can, 
on the one hand, exploit the low-cost advantage as an entry strategy to capture global markets and, on the other develop, 
unique capabilities to position as an active participant in the global value chain. 

The examples discussed here underscore the need for use of operations management to remain competitive in business and 
tap the emerging opportunities in the global arena. Effective operations management also requires a greater understanding 
of the various activities pursued under its banner and the critical linkages between operations and other aspects of business.

1.3 �S ervices as a Part of Operations Management

The service sector encompasses a wide spectrum of activities in every country. The growth of the service sector in India 
during 2002 to 2007 has been very significant. Table 1.2 provides some details on the share of some sectors of services 
in the overall GDP. The central government began taxing three services in 1994–95. This has grown steadily, and as 
of 2012–13, the number of services taxed has gone up to 119. During this period, both the number of assessees and 
the service tax revenue has been growing very rapidly. According to the Central Board of Excise and Customs (CBEC), 
between 1994–95 and 2012–13 the tax revenue has grown from `4.1 billion to `1.325 trillion.1 These figures indicate the 
growing importance of services in the Indian economy and the need to apply management practices to plan and control 
operations in the service sector.

Although services and manufacturing are classified as separate sectors in a macroeconomic sense, from the perspective 
of operations management, this separation is artificial. In operations management, a “pure product” and a “pure service” 
are just two ends of the spectrum, and not separate entities. In reality, a vast majority of operations share a continuum of 
services and products. Therefore, most of the principles, tools and techniques of operations management apply to both 
these sectors. This product–service continuum is illustrated in Figure 1.1.

Table 1.2  Service Sectors in India: Share of gdp in Percentage

2008–09 2009–10 2010–11 2011–12 2012–13#

Service sector growth rates in GDP

Trade, hotels, transport, and communications 16.9 16.5 17.2 18.0 25.1

Transport, storage, and communications 7.8 7.7 7.3 7.1

Financial services, insurance, real estate, and 
business  services

15.9 15.8 16.0 16.6 17.2

Community, social, and personal Services 13.3 14.5 14.0 14.0 14.3

Construction 8.5 8.2 8.2 8.2 8.2

Total (including construction) 62.4 62.7 62.6 63.9 64.8

# Advanced Estimate
* � Compiled from Chapter 10 on Services Sector in Economic Survey 2012–13, Government of India, Ministry of Finance, Economic Division. For 

more details see http://indiabudget.nic.in 
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Services such as management consulting, health spas, and education have dominant service attributes. They form one end 
of the spectrum. Similarly, manufacturing and supply of machine tools, gadgets, and consumables have a dominant product 
attribute, and they form the other end of the spectrum. However, several businesses share both service and product attributes. 
Take the case of automobiles. There is a product attribute in it since it involves the physical structure of the passenger car. On 
the other hand, there is also the experiential component of using the car, which forms a significant part of the product. This is 
the service component. Similarly, in the case of a restaurant, the food items share both product and service attributes. There 
are certain important differences between services and manufacturing. Let us take a brief look at each of these differences. 

Intangibility

Fundamentally, services differ from manufacturing with respect to tangibility. Because ser-
vices are experiences rather than objects, they cannot be touched, tasted or felt as in the case 
of objects. At the most, the recipients of services can form an opinion (based on some personal 
assessment) about the quality of the service offered. This has important implications for defin-
ing and assessing the quality of the service.

On the other hand, in a product-oriented operation, the product is defined by certain attrib-
utes and the customer faces less ambiguity with respect to the product, its attributes, and its 
performance. This is because the customer can touch and feel the product and make his/her 
own assessment of the product.

Heterogeneity

The second differentiating aspect of services is the high degree of heterogeneity associated with 
them. Since the experiential component is dominant in a service, it is likely that no two services 
are exactly alike. The differences are attributed to the differences in the service receivers (cus-
tomers), the service providers, and other parameters of the service delivery system. Therefore, 
a dentist attending to two consecutive patients having identical ailments may provide more or 
less the same type of service. Nevertheless, the two patients may have different perceptions 
of the quality of the service and may have different satisfaction levels. Moreover, the time spent by the dentist in both the 
cases could vary greatly. High heterogeneity results in high variability in the operations system performance and the need 
to factor them into the planning and control of operations.

Fundamentally, 
services differ from 
manufacturing with 
respect to tangibility, 
heterogeneity, 
simultaneity, and 
perishability.

High heterogeneity 
results in high 
variability in the 
operations system 
performance.

Figure 1.1  The service–product continuum
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8  Operations Management

Simultaneous Production and Consumption

More often, services occur in the presence of the customer, who may also be involved at the time the service is produced 
for his/her consumption. In the example of the dentist and the patient, the doctor and the patient are in the system 
together to produce and consume the service. This holds for education, entertainment, travel, tourism, and hotel ser-
vices as well. In the case of manufacturing, however, most goods are produced at some point in time and distributed to 
the customer later. This difference has implications for the design, planning, and control of service operations, as the 
degree of customer contact in a service delivery system is likely to be high.

 Perishability

Services are perishable. This implies that they cannot be inventoried. Thirty minutes of a doc-
tor’s consulting expertise today cannot be stored for future use, reused, or returned in a future 
period. Similarly, the treatment for an acute headache likely to be faced by a patient sometime 

in the future cannot be stored in advance and reused at that time. The possibility of inventorying the supply and using it 
at a later time is very common in a manufacturing system. The implication for operations is that service systems require 
methods that work without inventories.

The characteristics of tangibility, heterogeneity, simultaneity, and perishability apply to “pure services,” which are more 
experiential in nature. Furthermore, businesses with dominant service characteristics will have these features dominating 
over the other product-related features. For example, in the case of a fast-food joint, there is both the service aspect and the 
product aspect. A customer having a plate of idli with sambar experiences all the four attributes discussed here when viewed 
from the service angle. However, there is also a product angle to the restaurant. For instance, viewing idli as a product may 
enable the restaurant owner to inventory it for future use (later in the day).

Services cannot be 
inventoried.

Operations Management in Service Systems

Intangibility, heterogeneity, perishability, and 
simultaneous production and consumption 

are the factors that differentiate service systems from 
manufacturing systems. Despite these differences, many 
of the operations management tools that were initially 
developed for manufacturing organizations are appli-
cable to services as well. A study on the  Ahmedabad 
Regional Passport Office (ARPO) illustrates this fact.

In March 2001, the regional passport officer of 
the ARPO was concerned about the long lead time 
taken for processing passport applications and issuing 
passports. The estimated lead time was 145 days at 

that time, so there was always a long queue of appli-
cants waiting at the ARPO, either to know the status 
of the application or to submit the application form. 
To improve the response time, the existing process 
needed to be studied and redesigned. The situation 
called for the application of the principles of opera-
tions management to a service setting.

A detailed study of the process was undertaken 
to investigate the reasons for the long lead time. 
Excessive delays and long lead times often point to 
operations management issues pertaining to capacity, 
process, procedures, and use of technology and people.  

ideas
at Work

1.2

Video insights 1.1

Operations management in service organizations have a different set of issues to address. In order to develop an 
understanding of the peculiar issues pertaining to operations management in service organizations, a peep into service 
systems will be a valuable exercise. Hospitality and Healthcare sectors of services face unique challenges arising out of 
people-intensive service delivery, where the customer involvement is also high. To understand the issues in these sec-
tors, find the video links (Video Insights) in the Instructor Resources or Student Resources under section Downloadable 
Resources (http://www.pearsoned.co.in/BMahadevan/) subsections Bonus Material.
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Process mapping, estimating the time for each step in 
the process, and assessment of capacity imbalances are 
important steps in studying issues related to long lead 
times in any operations system. In the case of the ARPO, 
this data was collected. Although the ARPO had a sanc-
tioned staff of 103, the staff strength was 57 in January 
2002. It augmented the capacity by employing 40 casual 
workers. It received about 235,000 applications in a year. 
Detailed studies were initiated to understand the  various 
processes involved in issuing passports. See Figure 1.2 

for an illustration of the process followed for passport 
application and approval.

Detailed discussions with the officers revealed sev-
eral opportunities for improving the existing situation. 
The activities at the ARPO were labour-intensive, and 
the organizational rules and procedures were highly 
centralized. Further, the discussions revealed that there 
was scope for automation of some of the activities. 
In the present scenario, it took a lot of time to access 
information on the application status, and Web-based 

Incoming
verified PPF

Dispatch

Indexing

Detailed entry

Dispatch of PPF

Scrutiny and acceptance of fees

Receiving applications and initial scrutiny

Submit form 

Obtain form and fill 

Speed-post centreRegistered agentsRPO counter By registered post

Scanning of registration form 2minutes

Pasting, laminating, signing, and dispatch 5 minutes

Writing 6 minutes

Granting 2 minutes

Linking at branches
3 minutes

4 minutes

2 minutes

3 minutes

5 minutes

3 minutes

Police verification

Verified PPF

Outgoing PPF

Diary section

FIGure 1.2 Process-fl ow diagram for application processing

Continued on the next page
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