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3¢/ PREFACE

The mission of the Harvard Business School (HBS) is “to educate leaders who will make a
difference in the world.” Founded in 1908, when Harvard University was already more than
250 years old,HBS achieves this mission by reaching a wide range of audiences through a
variety of programs. While HBS is perhaps best known for its MBA Program, it also pursues
this mission through its Executive Education Programs (including the Advanced Management
Program as well as over 100 additional programs for practicing managers)and through the
publishing activities of Harvard Business School Publishing (HBSP) which include Harvard
Business Review, HBS Press (books), E-Learning products, and HBS Case Studies.

Providing guidance for leading academic institutions continues to be an important aspect of
the HBS Mission.Over the past 60 years, HBS has not only made its case studies available
throughout the world, but has assisted other Universities and their faculties in developing their
ability to teach by the case method.This has included the offering of such courses as The
International Teachers Program (ITP), Colloquium on Participant Centered Learning (CPCL)
and the Program on Case Method and Participant Centered Learning(PCMPCL). The PCMPCL
Program initiated in August of 2005 is aimed at helping leading Business Schools in Greater
China and Singapore to develop excellence in the use of the case method and participant
centered learning in both MBA and Executive Programs, as well as in practitioner—oriented
research. '

HBS has discovered over the years that adoption of the case method often proceeds through
three stages. The first stage is where cases are used as examples and illustrations of principles
and concepts being taught in a Management Course. The second stage is where cases become a
primary means of learning, with a majority of the class sessions in a program relying on field-
based cases. The third stage is then where the faculty begin doing significant amounts of their
case —based research and curriculum development to better understand and teach about
decision making.

Consistent with our mission, we at HBS and at HBS Publishing are pleased to offer—in
conjunction with our partner, China Renmin University Press—a comprehensive approach to

Chinese Business Schools and their faculty, that is focused on helping them progress through
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the second stage of participant—centered learning and into that third stage. This overall effort
consists of offering the 10 -day PCMPCL Course to teams of business school faculty from
Greater China and Singapore, providing a series of case books (through China Renmin
University Press) tailored to the Ministry of Education’s MBA curriculum recommendations,
offering a set of follow—up case teaching and case writing seminars in China, and establishing

an academic support center to assist faculty with their unique course and case requirements.

Our purposes in doing this are two—fold, but both are directly tied to the HBS Mission. One
purpose is to facilitate better management education throughout the global economy by
assisting leading educational institutions—such as those found in China—in developing their
capabilities in practitioner focused, case based teaching. The other purpose is to help the
leadership at such institutions to develop a critical mass of faculty who can lead the efforts of
their own institutions in creating additional case—based teaching and research materials that
can be shared with other parts of the world. Such China—specific management materials of a

world class caliber are anxiously needed by academics elsewhere in the world.

We are pleased that China Renmin University Press and so many leading Chinese Manage-
ment Schools would join with us in pursuit of these purposes.We anticipate that this series of
case books will be a significant contributor to the pursuit of the important role that Chinese Ed-

ucational Institutions, their faculty, and the practitioners they serve will have in the global e-

conomy.

Steven C. Wheelwright

Baker Foundation Professor

Senior Associate Dean, Publication Activities
Harvard Business School

Harvard University
Boston, Ma 02163
June 2005
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Process Fundamentals

Imagine that upon graduation you take a job managing a large bakery supplying
supermarket chains with products ranging from breads to pies. Your mission is to improve the
profitability of the operation. How will you start? Well, first, you will have to develop a good
understanding of the current operation, the activities that take place to transform flour, water, yeast,
and other ingredients into baked goods, and the effort involved in each activity—such as the labor,
materials, and equipment required at each step. You will also need to understand the different
products the bakery offers, and the reason that customers buy them from you and not your
competitors. Do you have lower prices, faster delivery, higher quality, or a better product line that
allows your customers to buy all their bakery needs from one source? Only after understanding the
physical process itself, how it links to the performance of the bakery, and the level of performance
required by customers, can you begin to look for opportunities to improve the bakery's profitability.

The goal of this overview is to provide tools that can help you understand operations, not just
for a bakery, of course, but any type of operation. These tools are important not only for improving
operations, but also for the daily management of an operation, or for the design of a new operation.

This overview begins by discussing the activities that take place in a "process”. Analytical
tools such as the process flow diagram are provided to help you walk into a new operation, such as
your bakery, and understand how each of the process steps fits together. You'll be introduced to the
types of management choices for designing, operating, and improving processes. Next, measures of
the performance of a process and basic process analysis, the method used to determine what and how
much a process is capable of producing, are introduced. You'll see how different types of processes
can be used to make the same product, and how managers choose which process to use. Finally, the
note focuses briefly on the complexity stemming from uncertainty and variability in the process,
factors that make managing operations particularly difficult.

Elements of a Process

Throughout this course you will hear the terms "process," "operation," and "operating
system." These will be used to mean any part of an organization that takes inputs and transforms
them into outputs of greater value to the organization than the original inputs. In most situations we
will focus on a subset of the entire organization—a single process that transforms a set of inputs into
useful outputs. When talking about a set of processes, and in some cases the entire organization

involved in transforming inputs into outputs, we will use the somewhat broader terms "operation" or
"operating system."

RweamhAssociateJamesLeomrdmdefwsorAnnE Gmyprepamdmjs“:mteaqm baslsivfopclasdwusﬂon Itisa
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696-023 Process Fundamentals

Consider some examples of processes. An automobile assembly plant takes raw materials in
the form of parts, components, and subassemblies. These materials, along with labor, capital, and
energy, are transformed into automobiles. The transformation process is an assembly process and the
output is an automobile. A restaurant takes inputs in the form of unprocessed or semiprocessed
agricultural products. To these, labor (a cook and a server, for example), capital equipment (such as

refrigerators and stoves), and energy (usually gas and/or electricity) are added, and the output is a
meal.

Both of the processes mentioned above have physical products as an output. However, the
output of some operating systems is a service. Consider an airline. The inputs are capital equipment
in the form of airplanes and ground equipment; labor in the form of flight crews, ground crews, and
maintenance crews; and energy in the form of fuel and electricity. These are transformed into a
service, namely, a means of transportation between widely separated points. Processes with a service
output also include those found in a hospital, or in an insurance company. In a hospital, capital, labor,

and energy are applied to another input, patients, in order to transform them into healthier or more
comfortable people.

More formally, a process is a collection of tasks, connected by flows of goods and information, that
transforms various inputs into more valuable outputs. People, machines, and procedures are generally
involved in the transformation. In order to understand a process it is useful to have a simple method
of describing the process and some standard definitions for its components. A convenient way to
describe an operating system is a process flow diagram.

Returning to our bakery example, let's assume there are two distinct production lines in the
bakery for making bread. Flour, yeast, and water enter at the left and are converted into loaves of
bread through mixing, proofing (letting the dough rise), baking, and packaging. This is a bit of a
simplification, but we'll use it for illustration. There are two mixers, two proofers, and two ovens
organized so that the ingredients mixed on the first mixer are automatically fed into the first proofer,
and then sent to the first oven. All of the baked loaves of bread are packaged on the same packaging
line. Figure 1 shows the process flow diagram for the bakery.

Tasks in this process are shown as small rectangles, flows as arrows, and the storage of goods
as inverted triangles. We see two identical parallel lines for mixing, proofing, and baking. Within each
line, the tasks of mixing, proofing, and baking are defined as being in a series relationship, because
one step cannot start until the previous one is complete. The maximum capacity of the two parallel
lines would be found by adding the capacity of each line. Work-in-Process Inventory (WIP) is shown
before packaging because, at times, the bakery may produce different types of bread at the same time,
one on each line, yet only one type can be packaged at a time. If there were parallel packaging lines,
there may not be the need for holding WIP between baking and packaging except, perhaps, to allow
the bread time to cool. Once packaged, the bread moves into Finished Goods Inventory, and from
there is transported to grocery store customers.
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Figure 1 Process Flow Diagram for Bread-Making with Two Parallel Baking Lines

If the mixers, proofers, and ovens were not set up as two distinct lines, and the product could
flow from each mixer to either proofer, and then to either oven, we would draw the process as in
Figure 2. In this case, it is the individual tasks that operate in parallel, instead of two distinct parallel
lines. (The distinction between these configurations will become important when performing a more
detailed process analysis to determine the capacity of the system.)

Figure 2 Process Flow Diagram for Bread-Making with Two Mixers, Proofers, and Ovens

vi oy

We may also want to show on a process flow diagram tasks that are performed in parallel but
which must both be completed before the process can continue. For example, our bakery makes filled
croissants in addition to breads. For these, the mixing, proofing, rolling, and cutting of the pastry take
place in parallel with the mixing of the filling as shown in Figure 3. All these tasks must be completed
before the croissants can be filled and baked. Proofing the dough takes longer than any of the other
pastry-making steps. Proofing also takes longer than mixing the filling. This means that the rate at
which filling and folding takes place is limited by the rate at which the dough, not the filling, is ready.
And the rate at which the dough is ready is limited by the rate at which proofing takes place. It is the
rate of the proofing step, the longest task, that defines how much bread can be made per hour.

Note that the nature of the parallel activities for making croissants is different from that of the
two bread lines working in parallel as in Figure 1. To determine the capacity of the bread-making
operation up until the dough is baked, we add the capacity of each of the parallel bread lines. To
determine the capacity of croissant-making, however, we would take the minimum of the capacity of
the two different parallel processes, in this case, the capacity of pastry making. This is because the
output of the two lines must be combined to make the final product. We will revisit this issue in
Section 1.2, when we do a formal capacity analysis.
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Figure 3 Process Flow Diagram for Croissant-Making

Once a process has been described using a process flow diagram, its components must be
analyzed in order to draw some conclusions about its performance as a whole. In the following sections
we will discuss each component of the process—the inputs, outputs, tasks, flows, and storage of
goods—and begin to develop measurement and analysis methods along the way.

Inputs

The inputs to a process can be divided into at least four categories: labor, materials, energy,
and capital. To analyze an operating system we must measure these inputs and determine the
amount of each needed to make some amount of output. Usually we use physical units to measure
the inputs—hours for labor and joules for energy, for example. Sometimes it is more useful to
measure the input in dollars by determining how much it would cost to purchase these units. Thus, in
many analyses it will be necessary to consider the economic conditions influencing the cost of labor,
materials, energy, and capital. Measuring the cost of inputs thus becomes more difficult and requires
additional care as the time horizon lengthens.

Determining how much of any input is needed to make a given output entails varying
degrees of difficulty. Some inputs (e.g., labor and materials) are fully consumed to produce an output
and thus are easy to assign to that unit of output. For example, it is easy to measure how much energy
the oven uses to bake a batch of bread. Other inputs, however, are utilized in the production of an
output, but are not fully consumed—the oven itself, for instance. The capital input is often the most
difficult of the four categories to assign to a specific output because it is almost impossible to measure
how much capital is consumed at any point in time. Generally accepted accounting rules are often
used to allocate fixed costs, such as capital, to each unit of output.

Outputs

The output of a process is either a good or a service. The process flow diagram in Figure 1
shows that the product is stored in Finished Goods Inventory (FGI) before leaving the system. In
some organizations the finished goods inventory is kept apart from the operating system producing
the good and is managed separately. Sometimes, the finished goods inventory does not exist at all: the
process produces the output directly for distribution. In fact, this is an important characteristic of
most processes providing services. It is often not easy (or possible) to store it for later distribution.

Although it is a simple matter to count the number of loaves of bread produced by the
bakery, or to count the number of patients served by a hospital, it may not be simple to place a value
on this output. The question of valuing the outputs can be approached from an economic point of
view if a market will place a value on the output through the pricing mechanism. So, if we know the
revenue that can be obtained from selling the good or service, that should serve as a measure of its
value. For this reason, we must have a good understanding of the economic environment within
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which the process exists. Thus, "What are the market conditions?" and "What is the competition
doing?" are important questions to address when analyzing a process.

For a new product, or one that has some improved characteristics, however, the question of
what price will be paid for the output is difficult to answer unless some other information is known
about the output. Here, we will consider three output characteristics: the cost of providing the output,
the quality of the output, and the timeliness of the output. Often none of these measures is easily
obtained, but they can serve as a checklist in our analysis of operating systems. If we are going to
consider making a new type of bread, or increasing the quality of the bread, we may not know the
price we can get for it. However, we do know that to value the new product, it is important to take
into account the new product's characteristics, market conditions (is there an oversupply of specialty

or high-end breads?), and the competitive situation (should we match the price of a competitor's
similar product?).

Tasks, Flows, and Storage

So far we have discussed what goes into and what comes out of a process. We must also
understand what goes on inside a process. The specifics of every process are different, but there are
three general categories for all activities within the process: tasks, flows, and storage.

A task typically involves the addition of some input that makes the product or service more
nearly like the desired output. Some examples of tasks are (1) operating a drill press to change a piece
of metal; (2) inspecting a part to make sure it meets some standard; (3) flying an airplane; and (4)
anesthetizing a patient before an operation. A task quite often takes the form of added labor and

capital; in processes with some form of automation, capital and/or material may be substituted for
labor in a task.

There are two types of flows to be considered in each process: the flow of goods and the flow
of information. Figure 4 depicts a process flow diagram with the flow of information shown

explicitly—the flow of physical goods is indicated by solid lines and the information flow by broken
lines.

Figure 4 Information and Physical Process Flow Diagram for the Bread-Making Process

- - =) Information Flow !

——>» Physical Flow Initiating Order
or Request

Information flows in the bread-making process depicted in Figure 4 are quite simple; they
take the form of recipes and production orders. The list of ingredients and quantities for the type of
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bread that will be made next must go the operators or material handlers in charge of getting the raw
material ingredients to each mixer. Information on mixing times and methods must go to the
operators of the mixers, and baking temperatures and times must go to operators of the ovens. We
will also have to inform packaging of what types and quantities of breads will be arriving to the
packaging area so that they can set up their equipment with the correct bags.

In some types of operations, the information flows take place with the physical flows, often in
the form of a routing slip attached to a single product or a batch of products. The analogy here would
be the entire recipe and the production order moving with the bread. The oven operator, for instance,
would receive baking instructions with the proofed dough as it arrives at the oven. If the operator
could not or would not need to adjust the oven in advance, not providing this information in advance
would not cause any production delay and would simplify the information flows. Other information
that might be included on the routing slip includes the packaging lines that the loaves should be sent
to (if there are multiple packaging lines), the appropriate bags to use for packaging, the supermarket
name and location, the delivery date and time, and possibly even the truck into which the finished
product should be loaded.

When the information does not physically move through the process with the goods, the
worker may need to go to a central location to obtain the information before performing the task, or
the worker may have the necessary information at the workstation or in his or her head. In analyzing

a process it is often important to consider the information flows in addition to the physical flow of
goods or services.

Storage (the holding of inventory) is the last of the three activities within a process we will
define. Storage occurs when no task is being performed and the good or service is not being
transported. In Figures 1 - 4 we have shown the storage of goods as inverted triangles. While the
bakery is operating, there will usually be work-in-process inside the mixers, proofers, and ovens, at
the packaging machines, as well as some work-in-process inventory between each step, and raw
materials and finished goods inventory in the warehouse. If there is no storage between two
connected tasks there must be a planned continuous flow between these tasks to allow the receiving
task to operate continuously. Figures 1 and 2 show only one work-in-process storage, whereas Figure
3 shows two. In many processes that are considered continuous, there are at least a few units of work-
in-process inventory on a rack or chute waiting to be fed into a machine. Although technically these
units are in storage and could be depicted on the process flow diagram as inverted triangles between

processing steps, when these units represent just a few minutes of processing time they are often left
off of the diagram.

It is also possible, and in fact necessary, to store information. This storage is shown as a circle
in Figure 4, with an arrow coming in from the environment to start the process. In this case, there are
two kinds of information: records and control. The term records typically refers to general instructions,
such as blueprints and instructions of how a product should be made (i.e., the "recipe”). These records
are product-specific. Records may also be machine-specific, tracking repair and preventative
maintenance histories, for example. The term control usually refers to information specific to a given
order, such as the order quantity, customer name or number, due date and routing procedure for the
order, or special instructions that make the order different from the generally accepted procedures
explained in the records.

Measuring the Performance of a Process

So far we have defined the process in general terms and given names to various components
of the process, namely the inputs, the outputs, and the tasks, flows, and storage within the process. We
have also noted that the process does not exist in isolation. Economic conditions influence the values
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of inputs and outputs, and the state of technology influences the nature of the tasks and flows. Using
these concepts as a base, we can now explore some process characteristics, concentrating on four:
capacity, efficiency, flexibility, and quality.

Capacity

Capacity is the maximum rate of output from the process and is measured in units of output
per unit of time: a steel mill, for instance, can produce some number of tons of steel per year, or an
insurance office can process some number of claims per hour. Capacity is easy to define and hard to
measure. It is often possible to determine the theoretical capacity of a process—the most output it could
generate under ideal conditions over some period of time. For planning purposes and management
decisions, however, it is more useful to know the effective capacity of a process. And to measure

effective capacity, we must know a great deal about the process, carefully analyzing the particular
situation at hand.

Managers often believe that the capacity of a process is an absolute fixed quantity. This is
rarely true. The capacity of a process can change for many reasons, and we will encounter several
cases where this is a key factor. The steel mill, for instance, may be designed for some ideal capacity,
but its effective capacity may be different due to a variety of internal and external factors, and
management decisions. The nature and availability of the raw materials being utilized, the mix of
products being produced, the quantity and nature of the labor input, and the number of shifts of
operation will all impact the effective capacity. The yield of the process is also important. In most
instances, the rate of good units produced is the relevant capacity measure.

Efficiency

Efficiency is a measure that relates the amount or value of the output of the process to the
amount or value of the input. "Efficiency” is widely used to measure physical processes. Every engine
has an efficiency, expressed as a ratio of output energy to input energy. So, an engine with 75%
efficiency can deliver 75% of the input energy as useful output energy. The energy efficiency of
physical systems cannot exceed 100%; the useful output energy is always less than the energy input.
This is not generally true of economic processes, however. For example, if the process is going to
generate sufficient resources to support its own continued operation, the value of the output should
exceed the value of the input. If we measure the value of output by the revenues it will bring in the
market, and if we measure the value of inputs by their costs, the measure of efficiency is profit, i.e.,
revenue minus cost. Thus, the profit is the value of output minus the value of input. Profit, however,
is a very simplistic definition of efficiency; measuring efficiency is generally much more complex.

In some cases, the price received for the product is not a good representation of the economic
value of the output. In certain markets, for example, it may be possible initially for a company to sell a
product of low quality at a standard price. Over time, however, the company's reputation may be
hurt by doing this, and all of the company's products, not just the low quality product, might become
less desired by the market. The long-term loss in revenue should have been considered when
establishing the cost and quality level of the original product. When determining the efficiency of a
process as measured by profitability, it is important to look at long-run profits, not just the profit
generated from any short-run action.

Utilization is another common measure. Utilization is the ratio of the input the process
actually used in creating the output to the amount of that input available for use. In a labor-intensive
process, for instance, direct labor utilization is often an efficiency measure. If, say, 100 workers are
employed in a given process, and during an eight-hour shift 700 hours of labor were consumed in the
actual manufacture of product, then the direct labor utilization during that shift was 87.5% ([700
hours/ (100 X 8 hours)] = 0.875). In a similar way, to measure capital efficiency, companies often pay a




