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Dedication

To Eliyahu M. Goldratt, profound thinker and educator.
It is better to light a candle than to curse the darkness.

To teach is to learn twice.
— Joseph Joubert

Learning usually passes through three stages. In the beginning you learn the
right answers. In the second stage you learn the right questions. In the third
and final stage you learn which questions are worth asking.
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Preface

What?! Another book on production management? Aren’t there enough of
them in existence already? The volumes that have been written about this
topic, properly stacked, could hold back Mississippi River flood waters. Why
another? Like most authors, we believe we have something new to say on the
subject — and we think that what we have to say is an improvement on the
state of the art. But only you can be the judge of that.

This book emphasizes the role of managers in the realm of production
management. From our perspective, management is about assuming respon-
sibility for improving the performance of the organization as a whole. This
improvement objective is the focus of this book, and the term “improvement”
has meaning only in the context of the entire organization. Consequently,
we write about how to make manufacturing production faster and more
responsive to the needs of the company, which generally means satisfying the
market better. But this can’t happen in isolation. Companies are whole sys-
tems made up of interdependent parts. Besides production, there are mar-
keting and sales, engineering, purchasing, accounting and finance, human
resources, safety, quality, and a whole host of other functions that we haven’t
touched on here. These functions all have one thing in common: They’re in
the same boat, and they all sink or sail based on how well they work together
and support each other. In other words, success in system integration is what
separates the winners from the losers. This means that each function in a
company must have a holistic view of its part in the entire organization, and
a way to manage holistically.

This book offers such a management approach. Its foundation is systems
thinking, which sounds very philosophical yet can be so practical. It recog-
nizes the dependent relationships among the functions mentioned above.

Xix
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Most of the concepts embodied in this management approach have the theory
of constraints (TOC) at their roots, a body of knowledge conceived by Eliyahu
M. Goldratt over the past 20 years with contributions from others. As you
read this book, you'll find some prescriptions that seem to fly in the face of
tradition. Telling an emperor he’s not wearing any clothes is a dicey propo-
sition. But progress is an exercise in challenging existing paradigms, many
of which are founded on cherished assumptions. If we always do what we’ve
always done, we’ll always get what we’ve always gotten. But the authors don’t
think that should be necessary. And neither do others who have applied the
holistic principles of the theory of constraints.

Yet, in spite of the connotation of the term “theory” to practical people,
such as the vast majority of the managers in operations, what we offer here
has both feet firmly on the ground. Our reasoning is based on common sense.
We don’t ask you to “believe” or “trust” what we tell you. We challenge existing
methods, but there are valid reasons for doing so. We offer a new paradigm
and methods substantiated by logic, followed by an opportunity to test those
methods on a wide-scope computer simulation. While this simulation isn’t
an exact replica of a real shop floor, it’s close enough to validate that what
doesn’t work in the simulation won’t work in reality. And an argument
(though not a proof) can be made that what works within the simulation
may work in reality as well. We do our best to exercise care and good common
sense in showing why one method works and another does not.

Consider the possibilities. A recent survey of published results by manu-
facturing and service companies that have applied constraint management
methods effectively shows:*

A mean reduction in lead times of 70%

A mean reduction in manufacturing cycle times of 65%

A mean improvement in due-date performance of 44%

Mean inventory reductions of 49 percent

A mean combined financial improvement (revenue, throughput,
profit) of 76%

The first four indicators pertain strictly to manufacturing. A skeptical
reader might claim that these indicators are not much more than opportu-
nities to improve the organization as a whole — that those changes aren’t
enough alone to produce increases in bottom line performance. And this

* Source: Mabin, Victoria J. and Steven J. Balderstone, The World of the Theory of Constraints:
A Review of the International Literature, St. Lucie Press, Boca Raton, FL, 2000.
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would be absolutely right! Only the last indicator shows us that in many cases
these opportunities converted to better organizational performance.

Remember the definition of “mean.” Many individual results were even
better than those cited above. And these data come only from those compa-
nies that have elected to publish their results.

What kinds of opportunities are there in challenging old paradigms and
creating new ones? You hold in your hands one example. The two authors of
this book are not close neighbors — unless you consider 8000 miles “close.”
Writing a book completely in 5 months with the close collaboration this one
required is possible only because we challenged the assumption that says face-
to-face collaboration between the authors is necessary. This collaboration is,
of course, just one out of many new opportunities the Internet age has opened
up, but it demonstrates the point of challenging old paradigms.

So, if you'd like to gain a competitive advantage — to “turbocharge” your
operations — this book is for you. We invite you to read it and challenge
your own paradigms.

Eli Schragenheim H. William Dettmer
Ra’anana, Israel Port Angeles, Washington, U.S.
elyakim@netvision.net.il gsi@goalsys.com

July 2000 July 2000
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Introduction

elcome to Manufacturing at Warp Speed. In this book, we explore

ways that you can be more successful in realizing your objectives

today and better meet the demands of the future. It’s important

that we establish our expectations of what you’ll be able to do when you

finish reading this book. You’re reading this to determine whether there might
be some benefit to you or your organization from what follows.

In addition to your expectations, we have some expectations, too. We
expect that by the time you finish reading this book, you'll have:

1. A thorough understanding of constraint theory and how it applies to
manufacturing operations in general.

2. A clear picture of how constraint theory applies to your operations
in particular.

3. A well-defined sense of what must be done in your operations to
realize the benefits that constraint management can provide.

4. An understanding of the steps that must be taken, and the obstacles
that must be overcome, to manage constraints effectively.

We intend to accomplish this through examples, case studies, and the com-
puter simulation software included with this book. To give you some idea of
where we’re going, let’s take a look at a case study right now. This is a letter
from the chief executive of a manufacturing company to the president of his
most prominent customer.

—
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Case Study - Reliable Manufacturing, Inc.

Mr. Philip Sheridan, President - Consumer Products Division
Cryogenic Industries, Inc.

P.O. Box 300125

Chicago, IL 60666

Dear Phil,

Your division’s business is very important to us. I promise you that the
troubles you’ve complained about are going to stop. I appreciate your sug-
gestions, but I believe the underlying problem has nothing to do with wrong
priorities. Nobody at the Reliable Components Division deliberately favors
any other internal customer over you — even though recent events might
give this impression. The source of our problem lies elsewhere, and we are
working on it now. In less than a month from now all of this will be over.

It all started about 3 months ago, when Tony Moreno, our production
manager, was notified of the death of his brother in an accident in Milan.
Tony returned to Italy to join his family in their grief and a week later faxed
his resignation because of his obligation to take over his brother’s business
and support his family.

I see now that I’ve always underestimated Tony. He seemed to me to be
constantly worried and too focused on small details. It always aggravated
me that Tony never sat a whole hour in his office, but kept wandering
throughout the shop floor. I could never reach him directly when I needed
to. However, this kind of behavior also characterizes Arthur Holst, our new
production manager, though the similarity between the two stops there.

In his resignation letter Tony advised me not to promote Perry, his assistant
production manager. He recommended Arthur as a very experienced pro-
duction manager, living in the area and available for such a job. I ignored
his recommendation, to my everlasting regret. It took me only a month to
realize that Tony was right. Perry is not right for the job. He has a difficult
time processing large amounts of data in his head. But by that time the
damage was done.

So, I called Arthur Holst. I was surprised to find that Arthur is 68 years old.
He retired a few months ago from Broadhurst Industries, a manufacturer
of small electrical devices — very different from the kind of complex and
fully customized electrical devices and job-shop environment we are. This
may have contributed to my reluctance to consider Arthur in the first place.
Anyway, Arthur was willing to take the job, and because of my concern that
we had let down loyal clients like you, I thought we had to give him a try.
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Now, Arthur is certainly a professional. You should have seen the care he
took in examining the output of our MRP system and asking the computer
guys very tough questions about the parameters of the system and the
various reports they regularly generate. It is also evident that Arthur has
very different views about how production should be handled. He tries to
define the key process points of fairly common and routine parts, where
intermediate inventory can be maintained. He has also required the redef-
inition of the bills of materials for most of our products.

In short, we’re undergoing a major change while doing our best to cope with
the current demand. Arthur is confident that within a month the system
will be stabilized again. He even contends that we will be able to liberate
more capacity from the system through better utilization of our resources
and by strategically maintaining stock within the system.

Phil, we supported you two years ago when you and your division were
threatened by divestiture. I'm asking you to stick with us just a little longer.
Dve instructed Arthur to expedite your work orders. I'm confident the storm
will be over in just few weeks.

Sincerely yours,

Harold Fairweather, President
Reliable Component Division - Cryogenic Industries, Inc.

While you digest what you've just read, reflect on the following questions.

Why would a sudden departure of the production manager cause
such disorder, prompting a CEO to apologize to certain large clients?
Why do production managers tend to be on the shop floor most of
the time?

How could two good professional production managers have different
views on how to run the system? Is one necessarily wrong and the
other right?

Should a good production manager have to be able to comprehend
huge amounts of data?

Is maintaining intermediate inventories clearly good or bad?

Why does it take months for an experienced production manager to
stabilize the system?

Is it important for a new production manager to be experienced in a
very similar environment to be quickly effective as a manager?



4 Manufacturing at Warp Speed

8. Is it really possible to expose hidden capacity from a production
system by changing some operational methods?
9. How can the CEO be sure the new production manager knows what
he is doing?
10. Based on the above questions, is production management a science,
meaning any decision can be based on well-defined rules, or an art
where one relies on intuition?

Do well-defined rules apply?
Is it all “intuition™?
11. How is this case DIFFERENT from your situation? How is it
SIMILAR?

If manufacturing companies were simple organizations, managing them
would not be a difficult task. But several factors combine to make managing
a manufacturing operation a complex undertaking. One is the number and
types of variables. Some of these the manager controls, others can only be
influenced, and still others may not be controllable at all. What’s more, many
of these variables have some interdependence or effect on others when they
are changed. Another complicating factor is the degree of synchronization
required to make the manufacturing process function effectively. Some parts
of the process are less dependent on previous steps than others. Other parts
may be closely tied to preceding steps.

Finally, a manufacturing system is subject to a high degree of uncertainty.
Market demand and taste can vary widely, and often without much notice.
Suppliers come and go. Some might be unreliable or provide less-than-
desirable delivery performance or quality. Internal operations are subject to
variability. This is sometimes referred to as the “Murphy” effect (“Anything
that CAN go wrong WILL go wrong”).

Figure I.1a and b is a logic tree that illustrates the cause-and-effect com-
mon in many manufacturing organizations. As you read through this tree,
decide for yourself how well it characterizes manufacturing companies you've
seen.*

How closely does this tree reflect YOUR experience with manufacturing
systems? The main point of this tree is that if we don’t understand the cause-
and-effect relationships at work within our systems — and between our

* Read the tree in the direction of the arrows (from bottom to top), applying the word “If...”
before the cause (the numbered block at the tail of an arrow) and the word “..then...” before
the effect (at the head of the same arrow). Ellipses indicate dependent causes. All causes with
an ellipse enclosing their arrows are read with “..and...” between them.
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CORE PROBLEM

Figure I.1a Generic Manufacturing Current Reality Tree

systems and the external environment — we’re likely to succeed only by
chance. If surviving by chance isn’t good enough for you, we’ll show you a
better way in this book.
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Figure I.1b  Generic Manufacturing Current Reality Tree

What Are Our Requirements for a Solution?

Let’s assume for a moment that the Generic Manufacturing Current Reality
Tree (Figure 1.1) is valid for most organizations, possibly even yours. You're
awash in data, you don’t really understand why things happen the way they
do, and you’re managing crises all the time. Sometimes you're lucky — you
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succeed — and sometimes you're not. Let’s assume, too, that you're not happy
about that state of affairs; you'd like to change it.

If we were to create an ideal method for managing manufacturing in most
production environments, what would it look like? One of the characteristics
might be simplicity. It should be relatively uncomplicated to use. Another
might be that it could be easily supported by a computerized information
system. Ideally, it should be supportable by an existing information system,
so that we would not be faced with significant additional financial investment.

We’d also like our manufacturing solution to give us some specific ben-
efits. Robust planning would be one. It would be nice if our production plans
were completed as planned most of the time. We'd also like not to have to
deviate from the plan very often. In other words, we’'d like the plan to
accommodate most of the unexpected situations we might run into without
collapsing.

We'd certainly want the manufacturing solution to give us maximum
flexibility to respond to any deviations that might actually be required —
problems that the plan couldn’t foresee or accommodate. And wouldn’t it be
nice if we could actually get MORE productivity from our entire system than
we do now? In other words, we’d like the potential to produce maybe 20 to
50% more than we currently do in the same amount of time.

We’d also like to be able to produce much faster than we do now — a
shorter time from the initiation of an order to delivery of that order. And,
we’d want the entire system to be more efficient — to know that we were
utilizing our resources to the maximum degree possible for the maximum
effectiveness of the whole system, not just individual parts.

Finally, we’d like to be able to do all of this with less of an investment in
inventory. We’d want less work-in-process in the system at any one time, and
we’d like to be able to deliver to our customers while maintaining significantly
less stocks of finished inventory.

Let’s look at manufacturing in a different way — one that provides all of
the characteristics and benefits described above. We’ll demonstrate that suc-
ceeding in the ways that matter depends on looking at production from a
systems perspective rather than in isolation. We’ll also examine the effects of
variability and uncertainty on operations and offer a way to deal with them.

We’ll use a combination of case studies, a table-top exercise, and a state-
of-the-art computer simulation of a business to learn how to achieve better
performance (and control) for the whole system while improving delivery
reliability. The table-top exercise is described in Appendix A. The computer
simulation, called Management Interactive Case Study Simulator (MICSS),
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is included on a compact disk accompanying this book. Appendix B describes
the MICSS program in detail — a kind of guided tour. Appendices C and D
provide detailed information on the two manufacturing scenarios that are
included in the MICSS software.

To use the software, you must first register it online. Instructions for doing
so are contained on the compact disk. You should register and load your copy
of the software before you get to Chapter 6.

Four Parts

This book is divided into four main parts. The first part describes the prin-
ciples and concepts behind the theory of constraints (TOC). Some of you
who are well read in constraint theory already will undoubtedly see things
in this part that you’ve seen before. But we would also guess that you’ll see
some things you haven’t seen — at the very least, you'll see some familiar
things in a new way. We'll also examine the different types of production
workflows, referred to as “A,” “V,” “T,” and “1.” And we’ll talk about different
manufacturing approaches: make-to-stock/forecast, make-to-order, and
assemble-to-order.

The second part describes the differences between traditional production
practices to those prescribed by the theory of constraints. Those of you who
use the simulation software will have the opportunity to see this difference
in a fairly controllable environment, using a “virtual company” provided by
the MICSS. Then we’ll examine in detail the principles and procedures of
“Drum-Buffer-Rope,” or “DBR” — the original TOC method for managing
production. We'll also see how existing MRP systems can be used to support
a Drum-Buffer-Rope production schedule.

In the third part, we’ll see a newer, more simplified version of Drum-
Buffer-Rope. If we are able to make no other contribution to your knowledge
of TOC, this simplified version, which we’ll refer to as S-DBR, is one of the
most important concepts you can learn from this book. The world does not
stand still. Every paradigm is a candidate for either improvement or obso-
lescence. Goldratt’s creation of traditional Drum-Buffer-Rope in the 1980s
constituted a quantum leap forward in the management of production and
inventory.

S-DBR builds on that solid foundation with the first substantive refine-
ments to the state-of-the-art in 10 years. You'll find out how to use constraint
management to balance — actually to manipulate — what seems to be a less
controllable, more uncertain external demand for your products. You'll be
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able to optimize your manufacturing system with S-DBR. We’ll also talk
about ways to capitalize on the excess capacity that DBR usually reveals in a
production system.

In the fourth part, we’ll discuss in more detail the concept of Throughput-
Based Decision Support — the “safest” way to make operational decisions
in an uncertain, complex environment. Finally, you'll see how TOC fits in
with Enterprise Resource Planning (ERP) and Supply Chain Management
(SCM). We'll also reinforce the importance of synchronizing production with
marketing and sales.

Learning Outcomes

By the time we’re done, you’ll understand constraint theory and how it’s
applied to manufacturing operations. You’ll be able to distinguish between
what’s really important to pay attention to, and what is not. You'll have a
clear idea of what it will take to improve your delivery due-date reliability,
shorten your production lead time, reduce your inventory, and help make
more money for the company. And, you'll have an effective “road map” for
applying constraint theory in your organization.
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Systems Thinking:
The Foundation

manufacturing, we need to introduce some of the underlying theory.

As Deming once observed, effective action is well grounded in theory.!

The theory of constraints (TOC) is a body of knowledge about systems
and the interaction of their component parts. It was evolved over approxi-
mately a 10-year period by an Israeli physicist named Eliyahu M. Goldratt.
And the theory is still evolving today. TOC is composed of a collection of
principles, a set of generic tools, and the specific applications of those tools.
The principles explain systemic interactions and guide management action.
The tools are specific methods and procedures for applying the principles in
discrete situations. The applications are specific instances where the tools
have been successfully applied often enough to qualify as a generic solution.

B efore we can talk about the application of constraint management to

System vs. Process

Because the theory of constraints is a systemns philosophy, our examination
of the theory must necessarily begin with a brief discussion of the systems
concept. Organizations of any kind — manufacturing, service, government
agency, for-profit, not-for-profit, education, charitable, social, or even family
— function as systems, not as a collection of separate processes.

For our purposes, we’ll consider a system to be a group of related ele-
ments, enclosed by some arbitrary boundary that differentiates “inside” the
system from “outside” — an external environment? (see Figure 1.1). The

13
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—>
Inputs - Outputs

Feedback

Figure 1.1 Generic System

components of the system interact cooperatively in a way that advances
progress toward a goal common to all the parts of the system. Systems usually
take inputs from the outside, act on them in some way inside the system,
and produce outputs back outside the system. Normally, these outputs have
greater value — however that might be defined — to the outside world than
the inputs.

Most systems have some means of self-assessment — a feedback mecha-
nism — that evaluates the quality or timeliness of the outputs and points
toward adjustment of the system’s components, the inputs, or both, if the
output is not exactly as desired. Because of the interdependent nature of
system components, any efforts to improve a system’s output must consider
the effects of these efforts on the whole system. Consequently, the system
must be optimized, not individual processes.

Work Flow vs. the Organization Chart

One of the biggest challenges we experience in getting the best performance
out of our systems is the dichotomy between how we manage our organiza-
tions and how work actually flows through them. Work typically flows across
functions as it works its way through the organization — the different system
components — but we traditionally organize and manage the components
individually, by the organization chart (Figure 1.2).
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Figure 1.2 Work Flow vs. the Organization Chart

Now ordinarily this might not be a problem, except for one thing: The
separation of our organizations into functional departments, or “silos,” cre-
ates invisible barriers or boundaries between functions such as sales and
marketing, engineering, production, warehouse, distribution, accounting
and finance, and the support staff. And as Deming noted, these invisible
barriers inhibit the communication essential to good coordination between
these isolated departments.!

Each of these different functions “works” on turning the system inputs
into outputs of greater value. Sales and marketing strive to create as much
demand for products or services as they possibly can. Engineering tries to
design as robust a product as it possibly can. Production tries to manufacture
a quality product as quickly as possible. Inventory and purchasing managers
strive to ensure that all required raw materials are always available and fin-
ished stock is ready to send to customers. Distribution, whether internal or
external, attempts to ship finished goods to customers as quickly as possible.
And the financial department acts as an “efficiency watchdog” for everyone,
making sure that all activities are performed at the least cost.

The preceding description paints a picture of a complex organization. It’s
extremely difficult for one person to monitor and coordinate the efforts of
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such diverse functions. So we tend to manage our departments in isolation
from one another, which typically results in suboptimization.

Suboptimization

Suboptimization is no more than the enhancement of one part of a system
at the expense of other parts, or of the system as a whole. How many of us
have heard people say something like, “It’s not our problem if they sink, as
long as we swim”? This is the essence of suboptimization — people (manag-
ers) tend to worry about the success of the areas they are responsible for
without much regard for the success of other areas of the system.

Local vs. System Optima

If a system was truly a collection of independent, isolated parts, this would
be an acceptable way to manage. But the system as a whole can’t succeed if
one part enriches its own performance at the expense of another. Organiza-
tions live or die as complete systems, not as a collection of isolated parts.
However, management typically operates as if the maximum performance of
the system was the simple sum of all the local performances.

If this was a valid approach, managing would be as simple as making sure
that every department performed to the maximum, as measured against a
set of criteria that pertained to that department alone. In fact, this is what
we normally do in most organizations — but it’s not the right way to manage!
That’s because the system optimum is not the sum of the local (department)
optima — it’s actually less!

Why is this so? There are two related reasons. First, the components of a
system usually perform their tasks in some kind of dependent sequence,
meaning that any one part of the system normally depends on the perfor-
mance of a preceding part to do its own job. Second, statistical variation
(fluctuation) affects each part of the system independently. But from the
perspective of the whole system, this variation is compounded by the depen-
dent nature of the parts (or events taking place) within the system. In any
kind of sequential process, all the variations of each component accumulate
at the last step of the process.

In a parallel process, such as an assembly operation where two or more
parts are combined, the accumulated fluctuation is intensified, because the
part requiring the longest time to complete actually determines the earliest
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time for the assembly operation. Resource dependencies also intensify the
impact of fluctuations on the downstream operations. The combination of
dependencies and statistical fluctuations generates a situation where any
attempt to do the most locally might easily harm the system as a whole.

So when people say that a whole system is more than just the sum of its
parts (the definition of synergy), what they really mean is that the interde-
pendency inherent in the system permits the whole system to achieve much
more than just a part of it alone can achieve. But you don’t realize that synergy
by maximizing each system component in isolation. Rather, it’s achieved by
coordinating and synchronizing the efforts of all parts of the system. This
means that some parts of the system might have to operate at less than full
throttle for the whole system to benefit the most.

Deming made some of the most perceptive comments ever on the issue
of system optimization® (see Figure 1.3). In essence, Deming is saying, “it’s
okay for some parts of the system not to be fully efficient. In fact, some may
have to be not efficient themselves in order for the system to succeed.” The
importance of this concept will become clearer as we go on. This whole
concept can be summarized as follows:

The system optimum is NOT the sum of the local optima.

If the performance of component parts of a system is maximized in isolation
from the rest of the system, the performance of the system as a whole will
be degraded.

Systems as Chains

Another way to look at a system — a more realistic way — is to liken it to
a chain, or network of chains. Like a chain, a system is only as strong as its
weakest link. Goldratt has suggested calling that weakest link the system
constraint.* It’s the factor that limits, or constrains, the system from achieving
its goal.

An interesting phenomenon about chains is that strengthening any link
except the weakest one does nothing to improve the strength of the whole
chain. Strengthening the weakest link produces an immediate increase in the
strength of the whole chain — but only up to the level of the next weakest link.

Similarly, in business systems, it is usually the capacity of one element
that determines the overall performance of the business, and striving to
improve any aspect of the system other than that constraint won’t do anything
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“Optimization is the process of orchestrating the efforts of
all components toward achievement of the stated aim.
Optimization is management’s job. Everybody wins with
optimization.”

“Anything less than optimization of the system will bring
eventual loss to every component in the system. Any
group should have as its aim optimization of the larger

system that the group operates in.”

“The obligation of any component is to contribute its best to
the system, not to maximize its own production, profit, or
sales, nor any other competitive measure. Some
components may operate at a loss themselves in order to
optimize the whole system, including the components that
take a loss.”

Figure 1.3 Deming on System Optimization

beneficial for the system as a whole. Consider total quality management, for
example. That philosophy strives to involve everyone in the organization to
improve quality and performance everywhere. But if the concept of a system
constraint is valid, how much of that effort actually delivers an immediate,
measurable improvement in overall system performance? Probably only the
effort applied to whatever part of the business is the constraint of the moment
to improved performance. The rest is — for the moment — superfluous.

The Manufacturing Chain

Let’s translate the chain concept to a manufacturing system. Here’s one (see
Figure 1.4). There are seven links in this chain. Each might constitute a
resource (a person—machine combination, or a department). Each successive
link depends on the preceding link for the work it does. Each of these links
has a different capacity, or strength. The first and last links have twice as
many physical resources as the rest, and each of the resources in the chain
can work at different individual maximum rates.

The percentage numbers below each link represent the degree to which
this manufacturing chain was utilized last month. Based on what you can
see here, which of these links is likely to be the weakest? In other words, as
the load on this chain is increased, which link is likely to limit how much



Systems Thinking: The Foundation 19

(A R

Machine #1 #2 #3 #4 #5 #6 #7
Capacity (2) ()] ) (1) (1) (1) (2)
Utilization 57% 19% T1% 32% 36% 41% 42%
(Monthly)

Which is likely to be the weakest link (system limitation)?

Figure 1.4 The Manufacturing Chain

more work the system can take? If you chose the third link (at 71% utiliza-
tion), you’re right. This is the part of the manufacturing system that is most
likely to reach its maximum capacity first. And when it does, it will not matter
that all the rest of system components have more capacity to spare. Because
of the dependent sequence of these manufacturing events, the whole system
is limited to the output of the most restricted resource.

Please note that in this particular example, none of these resources is
currently loaded to its full capacity. So while link number 3 is likely to become
a system constraint someday, it’s not the constraint now.

The Expanded Manufacturing Chain

If we expand our horizons a little, we can see that our chain really extends
to the front of, and beyond the end of, the manufacturing process (see Figure
1.5) It includes other non-manufacturing functions, such as sales and mar-
keting, order processing, engineering, planning and scheduling, our external
suppliers, warehousing and distribution, and our customer, whose demand
for the product keeps us in business in the first place!

At the instant this “snapshot” was taken, the system constraint in this
chain is probably in one of these areas, because if it was not, we would find
our manufacturing process more fully loaded than it is. In actuality, the
current constraint for our manufacturing system is likely to be the fact that
we don’t have enough customer orders to keep us busy — low market demand
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Orders
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The chain really extends from market
demand, through the entire organization chain,
to the customer who pays for our products

Figure 1.5 The Expanded Manufacturing Chain

is limiting the financial success of our business. That’s why none of the links
in the manufacturing process is used more than 71% of the time. But if that
market constraint is overcome, perhaps with an aggressive sales campaign,
it should be clear that link number 3 would very likely become the next
system constraint.

The “manufacturing system as a chain” analogy, while very enlightening,
may seem somewhat simplistic, though it’s the one used most often. Perhaps
a better analogy for a wider selection of production floors is a network, where
materials flow through several directions, ending up as many different end
products. Nevertheless, the same principle applies: Only very few variables,
possibly only one, limit the whole system from achieving its goal.

The Eternal Constraint

This brings us to an important concept in constraint theory: Constraints
never really disappear — they just migrate to some other place, either within
the system or in the surrounding environment.

It’s important to note, however, that each time a constraint is broken by
improvement efforts, as the constraint shifts from one location to another,
system performance usually experiences a quantum improvement. In the
preceding example, the next candidate for system constraint is link number
3. But for it to happen, the performance of the whole system will have to rise
by nearly 30%! So when it does happen, we can conclude that the system’s
overall performance has probably improved by that amount — and should
be verifiable by measurement.
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Thus, we can safely say that constraints never really disappear. Some other
factor — either external or internal — becomes the system constraint

The Importance of Knowing What the System
Constraint Is

Why is it so important to know where our system constraint lies? Steven
Covey has observed that “anything less than a conscious commitment to the
important is an unconscious commitment to the unimportant.”® This can be
likened to the Roman emperor Nero “fiddling while Rome burned,” or “rear-
ranging the deck chairs on the Titanic” after striking the iceberg. Grave
consequences can result when managers are distracted from the factors most
critical to system success.

Covey’s statement naturally leads us to one of the most important prin-
ciples in constraint theory: Only very few variables in any system — maybe
only one — are important for us to watch and manage at any given time.
While the identity of these factors may change from time to time, their
number will always remain small.
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Principles and Tools of
the Theory of Constraints

of principles and concepts that points us toward optimizing our sys-

tems. Among the most basic of these principles are three key assump-
tions about constraint management, five focusing steps to guide our system
improvement efforts, and three unique measures by which to assess whether
the actions we take at the local level are producing the results desired at the
global level (Throughput, Investment, and Operating Expense).

These principles play a significant role in constraint management. After
we understand the principles of constraint theory, we’ll be ready to examine
in more detail the tools it provides to optimize our systems. These tools are
classified as logistical or policy. The logistical tools include Drum-Buffer-Rope
(DBR) to schedule and allocate resources in production operations and Crit-
ical Chain to manage the scheduling and allocation of resources in projects.
The policy tools include a logical Thinking Process and specific situational
guidelines based on the five focusing steps.

We should note that policy is a broad term. It encompasses the policies
used to manage production, as well as the policies used to operate the orga-
nization as a whole. In a larger sense, policy can be defined as a “mind set”
— a way of looking at the world. Have you ever heard either of the following
statements?

E arlier we saw that the foundation of the theory of constraints is a set

“That’s NOT the way we do things around here.” Or,

“THIS is the way we do things around here.”

23
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If you've heard either of these, you've heard the verbal expression of a
policy constraint of some kind. The policy might be a written procedure or
rule, or it could be no more than tradition. Whether they’re formal or
informal, policies at some point limit what we can or can’t do, or what we
will or won’t do. To the extent that the limitation imposed by a policy inhibits
a system from achieving better performance in pursuit of its goal, the policy
itself becomes a system constraint. And it is policy analysis tools such as the
Thinking Process created by Goldratt that facilitate the identification and
elimination of policy constraints.*

The policy tools have application in both the production and project
environments. Although we’re not going to address the Thinking Process
right now, as you get further into this book, you’ll see how it is used. For
now, let’s look at the three key assumptions behind the theory of constraints.

Constraint Management Assumption #1

The first assumption holds that every system has a goal and a set of necessary
conditions that must be satisfied to achieve that goal. The philosopher
Friedrich Nietzsche once observed, “by losing your goal, you have lost your
way.” Or another way of putting it: if you don’t know what the destination
is, then any path will do.

While this assumption is undoubtedly valid in most cases, there are obvi-
ously some organizations that have not expended the time or effort to clearly
and unequivocally define what their goal is. And even if they have defined a
goal, most have not gone the extra step to define the minimum necessary
conditions, or critical success factors, for achieving that goal.

For example, most for-profit companies have something financial as their
goal. Goldratt has put it more simply than just about anyone else. The goal
of for-profit companies is to “make more money, now and in the future.”
Another way of saying it is profitability. This, of course, would not be an
appropriate goal for a government agency, such as the Department of Defense
or Department of Education, but it works quite well for most companies
engaged in manufacturing.

* This book will not address the Thinking Process in any detail, although various logic trees
will be used where appropriate. There are several other sources of information on Goldratt’s
logical Thinking Process. Three suggested references include Goldratt’s Theory of Constraints:
A Systems Approach to Continuous Improvement (Dettmer, 1996); Breaking the Constraints to
World-Class Performance (Dettmer, 1998); and Thinking for a Change (Scheinkopf, 1999).
Complete citations are included in the bibliography.
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However, having profitability as a goal isn’t enough. For any organization
to be profitable, and for those profits to consistently increase, there is a
discrete set of necessary conditions it must satisfy. Some of these will be
unique to the industry that the company is in, others will be generic to all
for-profit companies. But one thing that all organizations will have in com-
mon: There will be very few of these necessary conditions, maybe fewer
than five.

Necessary conditions fall into one of three general types. The first type is
a code of ethics. For instance, a company might decide that it is not going
to sell to, or buy from, countries that violate basic human rights. The second
type defines how much risk the company might take in the pursuit of its
goal. Certainly some shareholders might want to preclude the CEO from
taking a risk that could endanger the company’s existence, even though the
odds are very remote. The third type includes critical conditions that are
actually necessary to achieve the goal. For instance, employee satisfaction
may be considered necessary for achieving the goal. Including such a neces-
sary condition as part of the goal hierarchy gives it credibility, identifying it
as something that is not just temporary but must be satisfied throughout the
lifetime of the organization.

A necessary condition differs from the goal. While the goal itself has no
limit — it’s never fully realized — necessary conditions should be more finite.
Necessary conditions might be characterized as a “zero-or-one” circum-
stance; it’s either there or it isn’t, a “yes-or-no” state. For example, a for-profit
organization might want to make as much money as it can — no limits. But
employee satisfaction, as a necessary condition, should be established at a
well-defined minimum level. A for-profit company’s goal isn’t to satisfy its
employees without limit, but the organization should recognize the need to
achieve a certain level of employee satisfaction as one minimum requirement
for achieving the goal.

Constraint Management Assumption #2

The second assumption is that any system is more than just the sum of its
parts. In this case, “more” doesn’t mean mathematically more. It means that
the mathematical sum of the parts alone does not represent the success of
the system. We discussed this in Chapter 1 when we said that the sum of the
local optima (or local efficiencies) does not produce the system optimum (or
best system-wide efficiency).
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This is an especially critical assumption, because almost every organiza-
tion in the world operates as if the sum of the local optima will produce the
global system optimum. As we’ll see later, the sum of the local efficiencies
does not produce the best outcome for the system as a whole.

The theory of constraints suggests that the linkages are as important, if
not more so, than the links. In other words, a system’s most serious problems
occur at the interfaces between components, not necessarily within the com-
ponents themselves. The whole case for system optimization is wrapped up
in the notion of assumption #2.

Constraint Management Assumption #3

The final assumption is that very few variables — maybe only one — limit
the performance of a system at any given time. And we refer to these few
critical limiting variables as “constraints.”

The rationale behind this assumption is that it isn’t possible to manage
an organization effectively (or easily) unless only a very few variables con-
strain its performance. Almost all organizations produce value through the
efforts and detailed synchronization of many resources, the individual capac-
ities of which vary. Is it possible to plan the output of the organization so
that many of the resources are used to their limits? If this were the case, then
any small change to the plan would have a devastating impact on the output.

Is this the way systems typically behave? Does your organization lose profit
whenever an employee is late because of a traffic jam? If not, it means that
the vast majority of variables don’t limit its output. Small changes to plans
shouldn’t affect the value generated by the organization.

As the complexity of the organization increases, it’s inconceivable that
any manager can really plan so that output is maximized and many variable
resources are fully utilized. When you also add the significant amount of
uncertainty inherent in any organizational environment, we hope to use only
one or two variables to their limit. All the rest will invariably have excess
capacity and capability. The flexibility provided by having only one, or very
few, constraints allows us to manage and control organizations with stable
behavior where we and our customers know fairly well what products will
be delivered tomorrow. If this is an invalid assumption, we would have no
hope of controlling our systems. You can’t control a system with many inde-
pendent variables, especially if the system exists in a complex, uncertain
environment.
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The Airplane Analogy

As an example, consider the challenge of flying an airplane. A plane can move
in three directions: along a vertical axis, and in two horizontal axes (fore-
and-aft, and side-to-side). A pilot who wants to fly straight-and-level between
two defined points must control the airplane’s movement in these three axes.
Airplanes usually have “control” instruments to tell the pilot how he or she
is doing at this task: an altimeter to provide feedback on the vertical axis, an
airspeed indicator to show forward velocity, and a compass and attitude
indicator to show lateral variance. Each of these instruments displays the
results of control inputs (pilot actions on the control stick, rudder pedals,
and throttles).

Because of the interdependencies in the aircraft system, a change (or
control input) in one of the axes produces a variance in one or more of the
others. If the pilot pushes the nose of the airplane downward to change
altitude, airspeed will also increase without any change in the throttle posi-
tion. If the pilot banks the airplane to the left or right to change the heading,
a throttle adjustment will usually be necessary to maintain airspeed.

As uncertainty and variation increase (turbulence, bad weather, changes
of heading and altitude directed by air traffic control), the pilot must contend
with variance in three interdependent dimensions simultaneously. This can
be a very challenging tracking task for the pilot, who now has three variables
to pay attention to and try to control: heading, altitude, and airspeed. Com-
plicating the task is the certain knowledge that each has fatal limits — at
some point, exceeding the limits of any one of them will kill the pilot (and
whoever else might be on board).

Now let’s make flight management a little easier on the pilot. We’ll give
him only one variable to deal with: airspeed. How do we do this? We engage
the autopilot, which controls altitude and heading (the vertical axis and one
of the horizontal axes). Now all the pilot has to do is glance at the heading
and altitude occasionally to make sure the autopilot is doing its job, and pay
close attention to the airspeed, correcting it with throttle movements as
required.

A situation with only one variable to worry about is much easier to manage
than a situation with two or more. One cause of aircraft fatalities is sensory
overload, or stated another way, “too much to pay attention to at once.” The
same is true of complex organizational systems. The fewer the variables that
need to be watched, the easier a complex system is to manage. The more
variables, the greater the odds are that the system will go out of control.
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The “Nero Effect”

Most organizational systems have a lot of variables, so the complexity of
managing becomes almost impossible to deal with ... unless only a very few
variables (maybe only one) really determine the system’s success at any given
time. Remember the Roman emperor, Nero, who reputedly fiddled while
Rome burned? There were a lot of variables in the “operation” of Rome. Fire
prevention, or firefighting, was obviously critical to survival. Music appreci-
ation wasn’t. If we’re overwhelmed by variables in our organizational systems,
the “Nero effect” can work both for and against us. It works for us when our
system is reasonably stable and in control, and we “fiddle” with variables that
have no significant effect on system success. But it works against us when we
have problems with a critical variable, but spend too much time and attention
fiddling with the ones that aren’t very important. This is one reason why
some companies are said to succeed in spite of themselves, rather than
because of what they do.

We live and work in complex systems. Get used to it — there isn’t much
we can do about the complexity itself. But to the extent that we can under-
stand the real “drivers” of system success — our constraints — we can often
deal quite effectively with that complexity. Since very few variables are usually
crucial at any one time, identifying and managing them can simplify our jobs
tremendously. And if we find that our system really does have a large number
of critical variables, it would be well worth our efforts to reduce that number
to just a few.

Implications of Assumption #3

What does assumption #3 mean in a manufacturing environment? Take a
look at Figure 2.1. It shows a simple manufacturing process — only five
sequential steps, with work progressing from left to right. Notice that each
resource has a different capacity for speed or volume of work. This is not
unlike the real world. Notice, too, that as demand increases from low to high,
the maximum capacity of the second resource (from the left) is reached first.
Regardless of how much additional capacity the other resources have, it is
this one resource that will govern the maximum performance of the whole
system.

Even if we were to add to the capacity of the second resource, making it
equal to the first one, the whole system would not be able to produce more
than the next least capable resource, which in this example would be the
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Figure 2.1 Capacity and Demand

fourth from the left. Notice, too, the unused capacity in this system. Even if
we increased the capacity of the second resource, there would still be unused
capacity in the system. The only way to eliminate that unused capacity would
be to balance the system — to make every resource equally capable. Besides
being expensive to do, this is also extremely difficult to achieve, and even a
completely balanced system won’t stay that way for very long. Variation will
increasingly unbalance it, often in ways that are difficult to control. Since the
system will eventually unbalance itself through variation, we would never be
able to productively use all the capacity in the system anyway, so the local
efficiency of some parts would suffer.

If we were to try to load the system to match the capacity of the most
capable resource, all we would do is create queues at some of the less capable
ones, and we’d still have unused capacity at others — as long as these partially
idle resources didn’t find something else to do to look busy.*

* People are very good at inventing things to do — things that no one really needs — just
to show their supervisors that they’re busy all the time!
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Figure 2.2 Assumption #3: Current Reality Tree

Here’s a different way of looking at assumption #3 (see Figure 2.2). This
is a current reality tree (a cause-and-effect tree from the Thinking Process).
As with Figure 1.1, we read the tree from bottom to top. Precede the cause
(the tail of each arrow) with the word “If...” and the effect (the head of each
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arrow) with the word “..then...”. Multiple causality arrows enclosed with an
ellipse are read with AND between them. For example: “IF (100) a company’s
internal resources constitute a system with many partial dependencies
between resources, AND (101) each resource has a finite capacity that differs
from the other resources, THEN (102) many internal resources depend on
other resources that have either more or less capacity.” Continue reading this
way until you reach to the top of the tree.

There are two key lessons from this tree. First, striving for high local
efficiencies everywhere actually bogs down the whole system, and second,
it’s not possible to achieve full efficiency at each resource in the system and
still meet our customers’ expectations for timely delivery. Clearly, if we con-
sistently fail to satisfy our customers’ expectations, they’ll eventually go to
our competitors. If they do that, we end up losing money, which is not
conducive to achieving our goal!

So, if we want to keep (or improve) our market share — a necessary
condition to achieving our goal — we’d better not chase local efficiencies
everywhere in the system.

We’ve spent a lot of time talking about assumption #3. There’s a good
reason for this — it’s the most critical assumption underlying constraint
theory. Not only is chasing local efficiencies a confusing waste of time, energy,
and effort, but it’s actually detrimental to the system to do so!

The Theory of Constraints Approach to System
Management

So, if striving for local efficiencies is not the right thing to do, what is? The
theory of constraints suggests a rational, effective approach to managing
complex systems, which manufacturing companies are.

The first step is to determine the limits, or boundaries, of the system in
question. The system boundary is conceptual, not physical — where is the
imaginary line that separates outside from inside? Usually, this is an organi-
zational boundary — a plant, a division, or the whole company.

Once the system has been defined, the next question to answer is, “What
is the goal of the system?” In the case of most commercial companies, it’s
probably safe to say that making money now and in the future is the common
goal of almost every part of the company.

The next step — a little more difficult — is to determine what the critical
success factors are. What are those necessary conditions that must be satisfied
in order to achieve the goal? Three of these might be competitive advantage,
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satisfied customers, and employee satisfaction. There might be others as well,
but remember that there should only be a few.

Once the necessary conditions are established, constraint theory pre-
scribes applying five focusing steps in order to continuously proceed inexo-
rably toward satisfying those necessary conditions.

The Five Focusing Steps

Goldratt created the five focusing steps as a way of making sure management
“keeps its eye on the ball” — what’s really important to success: the system
constraint. In one respect, these steps are similar to the Shewhart Cycle (plan-
do-check/study-act).! They constitute a continuous cycle. You don’t stop after
just one rotation.

Identify

The first step is to identify the system’s constraint. What limits system perfor-
mance now? Is it inside the system (a resource or policy) or is it outside (the
market, material supply, a vendor ... or another policy)? Once the system
constraint is identified, if it can be broken without much investment do so
immediately, and revert to the first step again. If it can’t be easily broken,
proceed to the second step.

Exploit

Decide how to exploit the system’s constraint. “Exploit” means to “get the most”
out of the constraining element without additional investment. In other
words, change the way you operate so that maximum financial benefit is
achieved from the constraining element. For example, if the system constraint
is market demand (not enough sales), it means catering to the market so as
to win more sales. On the other hand, if the constraint is an internal resource,
it means using that resource in the best way to maximize its marginal con-
tribution to profit. Exploitation of the constraint should be the kernel of
tactical planning — ensuring the best performance the system can draw now.
For this reason, responsibility for exploitation lies with the line managers
who must provide that plan and communicate it, so that everyone else
understands the exploitation scheme for the immediate future.
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Subordinate

Once the decision on how to exploit the constraint has been made, subordi-
nate everything else to that decision. This is, at the same time, the most
important and the most difficult of the five focusing steps to accomplish.
Why is it so difficult? It requires everyone and every part of the system not
directly involved with the constraint to subordinate, or put in second place,
their own cherished success measures, efficiencies, and egos. It requires every-
one, from top management on down, to accept the idea that excess capacity
in the system at most locations is not just acceptable — it’s actually a good
and necessary thing!

Subordination formally relegates all parts of the system that are not con-
straints (referred to as “non-constraints”) to the role of supporters of the
constraint. This can create behavioral problems at almost all levels of the
company. It’s very difficult for most people to accept that they and/or their
parts of the organization aren’t just as critical to the success of the system as
any other. Consequently, most people in non-constraints will resist doing the
things necessary to subordinate the rest of the system to the constraint. This
is what makes the third step so difficult to accomplish.

What makes the constraint more critical to the organization is its relative
weakness. What distinguishes a non-constraint is its relative strength, which
enables it to be more flexible. So the current performance of the organization
really depends on the weak point. While the other parts of the system could
do more, because of that weak point there is no point in doing so. Instead,
the key to better performance is wisely subordinating the stronger points so
that the weak point can be exploited in full.

Subordination actually redefines the objectives of every process in the
system. Each process is supposed to accomplish a mission that’s necessary
for the ultimate achievement of the goal. But among processes there may be
conflicting priorities, such as competition for the same resources. Subordi-
nating non-constraints actually focuses the efforts of every process on truly
supporting the organization’s goal. It allows the constraint to be exploited in
the best way possible.

Consider a raw material warehouse. What is its objective? The storing and
releasing of material is needed as a “bridge” between the time materials arrive
from vendors and the time the same materials are needed on the production
floor. When a specific work center is the constraint, any materials needed by
that particular work center should be released precisely at the required time.
But if market demand is the only constraint, any order coming in should
trigger material release.
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However, even if no new orders enter the system, shop foremen often like
to continue working, to keep their efficiency high. But if the non-constraints
in a production system are properly subordinated, material should not be
released. The material release process must be subordinated to the needs of
the constraint, not to arbitrary efficiency measurements. Leaving materials
in the warehouse when there is no firm order for them is part of the subor-
dination process. Work for which there isn’t any immediate requirement
should be treated as a lower priority than the quick release of materials the
constraint will soon need.

Subordination serves to focus the efforts of the system on the things that
help it to maximize its current performance. Actions that contradict the
subordination rationale should be suppressed.

Elevate

It’s possible that, after completing the third step, the system constraint might
be broken. If so, it should be fairly obvious. Output at the system level will
usually take a positive jump, and some other part of the system will start to
look like a bottleneck. If this is the case, go back to the first step and begin
the Five Focusing Steps again. Identify which new factor has become the
system constraint, determine how best to exploit that component and sub-
ordinate everything else.

If the original constraint is still the constraint, at this point the best you
can be assured of is that you're wringing as much productivity out of it as
possible — it’s not possible for the system to perform any better than it is
without additional management action.

If this case, it’s necessary to proceed to the fourth step to obtain better
performance from the system: Evaluate alternative ways to elevate the con-
straint (or constraints, if there are more than one). “Elevate” means to
increase capacity. If the constraint is an internal resource, this means obtain-
ing more time for that resource to do productive work. Some typical alter-
natives for doing this might be to acquire more machines or people, or to
add overtime or shifts until all 24 hours of the day are used.

If the constraint is market demand (lack of sales), elevation might mean
investing in an advertising campaign, or a new product introduction to boost
sales. In any case, elevating invariably means “spend more money to make
more money.”

Notice that we use the word evaluate in this step. We emphasize this action
for a good reason. From the preceding examples — buying more equipment
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or adding shifts, or overtime — it should be clear that there’s more than one
way to skin a cat. Some alternatives are less expensive than others. Some
alternatives are more attractive for reasons that can’t be measured directly in
financial terms (easier to manage, for example). In any case, a choice of the
means to elevate will usually be required, so jumping on the first option you
think of may not necessarily be a good idea.

One of the reasons to favor one elevation alternative over another is the
identity of the next potential constraint. As we’ve seen, constraints don’t go
away per se. When a constraint is broken, some other factor, either internal
or external to the system, becomes the new system constraint. It’s possible
that the next potential constraint might be more difficult to manage than
the one we currently have — it might reduce the margin of control we have
over our system.

It’s also possible that two different choices of alternatives might drive the
system constraint to different locations — one of which might be preferable
to the other. Or, it could be that dealing with the potential new constraint
may require a much longer lead time than breaking the current constraint.
In this case, if we decide to break the current constraint, we would want to
get a head start on the tasks needed to exercise some control over the new
constraint.

Ineffective Elevation: An Example

For example, one company involved in the manufacture of solid-state circuit
boards found its constraint to be the first step in its process: a surface-mount
(gaseous diffusion) machine. Without considering which other resource
might become the constraint, they opted to purchase another surface-mount
machine. This certainly relieved the original constraint. But the automated
test equipment (ATE) — about eight steps down the production line —
became the new constraint, and managing the constraint at this location was
no easy task. It was more complex to schedule at that point, and it suffered
more problems. Moreover, moving the constraint out of the ATE section was
even more challenging. Buying more ATE was more expensive than buying
additional surface-mount equipment. Finding qualified ATE operators was
also more difficult.

In short, it took more time, effort, and money to break the ATE constraint
than it did to break the surface-mount constraint. Had the company been
able to anticipate that ATE would become the system constraint, they could
have chosen to either (a) leave the constraint where it was — at the surface-
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mount machine, or (b) begin long lead-time acquisition of ATE and hiring
of ATE operators to boost the ATE section’s capacity before increasing the
surface-mount capacity. Doing so would have increased system performance,
yet preserved the system constraint at a location that was far easier to manage.

Another important factor to consider is return on investment. Once the
company broke the surface-mount constraint, there was potential to generate
more throughput, but how much? If the ATE’s capacity was only slightly
more than that of the original surface-mount machine, the company might
have gained only a small increase in throughput relative to the cost of the
new surface-mount unit. This would be a definite disappointment.

As long as the next constraint poses a substantially higher limit than the
existing one, it’s probably safe to say that the company did the right thing.
Even if exploiting the ATE is more difficult, the increase in throughput may
be worth the aggravation. The ATE can always be loaded a little less, and the
company will still realize more money. What’s the lesson here? Assessing the
real return on investment from an elevation action requires an understanding
of constraint theory, where the next constraint will be, and how much
throughput will increase before hitting the new constraint. So, as you can
see, the “evaluate” part of the elevation step can be extremely important. We
need to know where the new constraint will occur, because it can affect our
decision on how to elevate.

How to Determine Where the Next Constraint Will Be

The easiest way to do this is to apply the first three of the five focusing steps
in our heads, before we actually elevate for the first time. In other words,
identify the next most-limiting factor, inside or outside the system, that will
keep the whole system from achieving better performance after the current
constraint is broken. Then determine what actions will be necessary to exploit
that new constraint in the future, and how the rest of the system will have
to act to subordinate itself to the exploitation of the new constraint.

When we’ve done this, we’ll have a pretty good understanding of the
ramifications of each alternative to elevate, and we can make a better-
informed decision about which alternative to choose — and it might not be
the obvious choice, or the cheapest one!

Go Back to Step 1, But Beware of Inertia

Even if the subordinate step does not break the system constraint, the elevate
step very likely will, unless a conscious decision is made to curtail elevation
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actions short of breaking the constraint. In either case, after the subordinate
or elevate steps, we must go back to the first step (identify) to be sure we
know where the new system constraint is, or to verify that it has not migrated
away from the original location.

Sometimes a constraint moves not as a result of our intentional actions,
but as a result of a change in the environment. For instance, a change in
preferences of the market might drive us to change our product mix to such
an extent that the constraint moves elsewhere. While such external changes
don’t happen very frequently, it is important to go back to the first step from
time to time, just to verify that what we believe to be the constraint still is,
in fact, the system’s limiting factor.

The warning about inertia means that we should not become complacent.
There are two reasons for this. First, when the constraint moves, the actions
or policies we put into place to exploit and subordinate to the old constraint
may no longer be the best things to do for the benefit of the whole system.
If we don’t re-evaluate where the new system constraint is, we would never
notice this deficiency. Second, there is often a tendency to say, “Well, we’ve
solved that problem. There’s no need to revisit it.” But today’s solution
eventually becomes tomorrow’s historical curiosity. If we’re too lazy (or dis-
tracted by other demands for our attention) to revisit old solutions, we can
be sure that eventually — probably sooner, rather than later — we will not
be getting the best possible performance from our system.

The TOC Perspective: A Summary

In summary, organizations live or die as complete systems, not as a collection
of individual, isolated processes. Effective exploitation requires that we con-
sider a whole system perspective — in other words, what is the system’s
constraint? If we expect to improve the output of our whole system, we must
be prepared to optimize the system, not just maximize the performance of
its individual parts.

This means that only the system constraint(s) can be exploited to full
capacity, and all non-constraints (most of the system) must be subordinated
to support exploitation decisions. By virtue of the fact that they are not system
constraints, the non-constraints will always — and should always — have
substantial excess capacity. Decisions to fill up that excess capacity should be
made only with the utmost care to ensure that doing so does not inadvertently
force the system constraint to a different place.
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Ramifications of the Five Focusing Steps

If these five focusing steps constitute a valid approach to effectively managing
our manufacturing systems, there are several conclusions we can draw about
our management environment.

First, only a very few key nodes of our system need continual close
attention. Second, most of the data we collect and have access to isn’t signif-
icant to the performance of the organization. Many times it’s “noise,” rather
than “signal” In other words, it’s more likely to confuse than clarify our
situation. Third, we should expect nearly all internal components of our
system to have significant excess capacity — and this is not a bad thing! In
fact, it’s required if we are to be flexible and competitive. Finally, measuring
and striving for local efficiencies anywhere in the system except for the
constraint run the risk of suboptimizing the whole system.

But if we shouldn’t emphasize local efficiencies everywhere, how should
we assess the performance of our system and the decisions we make to
improve it? This is our next topic.
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Assessing System Success

ith the underlying principles and the prescriptions of the five
W focusing steps in hand, the next stone in the foundation of
constraint theory is assessing the success of decisions. As we will
see shortly, one of the biggest obstacles to successful management of complex
systems is the inability to determine whether (and how) day-to-day local

decisions support the system goal and progress toward its achievement. The
theory of constraints provides a means to do so.

Evaluating Operating Decisions: The
Traditional Approach

If the world around us were static, if nothing changed very much, the task
of managing would be relatively easy. But that’s not the way the world is.
Things don’t stand still. The competitive environment around us is always
evolving. Internal improvements are required to remain competitive. The
ancient Greek, Heraclitus, once observed that the only constant in the world
is change. Constant change drives a need for continual decisions about what
to change, what to change it to, and how to make the change happen.

In for-profit companies, the quality of a decision is usually measured
financially, and financial measures are usually the yardstick for differentiating
the favorability of competing options. In the corporate environment, the
financial standard for most decisions is profit. A good decision results in
higher profit; a bad decision hurts profit, or causes a financial loss.

In evaluating management decisions, the two key measurements are Net
Profit (NP) and Return on Investment (ROI). The first gauges to what degree
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the decision makes money. The second compares the investment required
with the profit generated.

Net profit and return on investment are not easy to apply to the daily
operating decisions required of most managers. It’s not easy to quantify the
effects of many decisions in financial terms. Neither is it easy to know how
a decision made at a departmental level will affect the financial situation of
the company as a whole. The theory of constraints provides a bridge between
local operating decisions and the company’s financial well-being.

Evaluating Operating Decisions: The TOC Approach

The financial yardsticks provided by constraint theory are throughput (T),
inventory or investment (I), and operating expense (OE). These yardsticks
are predicated on the assumption that the organization’s goal is to make
money, now and in the future. If that is not the company’s goal, operating
expense and inventory may still be used, and expressed in financial terms,
but throughput will require some modification. It must be defined in some
other non-financial term pertinent to the situation. Since the focus of this
book is manufacturing, and since most manufacturing organizations are for-
profit businesses, we’ll confine our discussion of throughput to financial
terms. The following definitions come from The Haystack Syndrome.!

Throughput (T)

Throughput is defined as the rate at which an organization generates money
(usually through sales of product or service). It represents new money coming
into (and retained by) the system — the added financial value the system
generates by its activity.* It might be easier to visualize throughput as the
added value the system infuses into the product. That added value is generated
by turning the raw materials, purchased from other organizations, into some-
thing that has more value to the customer than the original raw materials.
Mathematically, throughput is the difference between sales revenues and
truly variable costs. It’s typically measured at the whole-company level, but
it’s also measured by units of product, by whole product lines, or by a specific
sale transaction. For example, the throughput of an individual unit would
normally be the selling price of that unit minus the cost of materials that

* Transfer pricing between plants or divisions of the same company should not be considered
throughput. It’s the equivalent of moving money from one internal account to another.
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went into it. The throughput of a product line would be the total revenue
from the sales of all such products over some period of time, minus the total
cost of consumable raw materials and any other costs (such as sales commis-
sions and warranty returns) that are incurred only as a result of selling the
product. At the company level, throughput might be total sales revenue for
all products over some period of time, minus the cost of raw materials that
went into them and all the other truly variable costs (costs that would not
have been incurred if the product had not been sold).

Throughput is central to the TOC philosophy because it links local activity
to the goal of the organization. It’s similar in concept to the term “contribu-
tion,” which is used mainly in economics. However, the traditional definition
of contribution considers direct labor as a variable cost, while TOC rejects
this notion. In summary, TOC attaches great importance to throughput. It’s
tied to many daily decisions in all functions, as we’ll see later.

Investment, or Inventory (I)

Investment, or inventory, is defined as the money an organization spends on
things it intends to sell at some point. It’'s money tied up within the system
— financial value that is not easily liquidated, and is used to produce
throughput. Investment/inventory would include capital assets, facilities,
equipment, and raw materials intended to be converted to finished products
for subsequent sale. The test to determine whether a financial factor would
be considered inventory or investment: If you'd use it for collateral, it’s
probably “T”.

Operating Expense (OE)

Operating expense is at the opposite pole from throughput, which makes
both terms controversial. Every expense that is not included in the through-
put definition (meaning it’s not truly variable with units of sale) is included
with OE. It’s often characterized as the money flowing out of the system.
Operating expense includes most categories of overhead (fixed expenses) —
in other words, the cost of opening the doors for business each day. What
makes OF controversial is that it also includes labor, both direct and indirect.
Traditional cost accounting allocates direct labor to units of product sold (or
projected for sale). In TOC, labor, both direct and indirect, is considered a
fixed cost and is segregated from OE. Why?
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The TOC rationale is that direct labor is not a direct expense. Labor is
normally purchased in units of time — by compensating people for hours
per week or month, or, in the case of salaried employees, for a year. Because
of the interdependencies inherent in systems, not all the direct labor hours
are actually used, and certainly not all of them are used for generating true
added value. Consequently, a decision to produce, or not to produce, some-
thing — thus committing direct labor to it — does not incur any additional
cost. Any direct labor time incurred is taken from the pool of hours for which
fixed costs have already been incurred. Therefore, this really makes them an
operating expense.

Any expenses paid or incurred on the basis of units of product sold are
considered variable expenses, and therefore grouped in the throughput cal-
culation. Traditional full-absorption accounting methods allocate a piece of
these fixed costs (which also include other elements of overhead besides
labor) to every unit of product made and sold. TOC suggests that this is a
conceptually flawed approach. This is where the controversy usually arises.
In Chapter 13, we’ll discuss this controversy in a little more detail, as we talk
about throughput-based decision support.

Relation of T, I, and OE to Traditional Business
Measures of Merit

We’ve referred to the TOC benchmarks as a bridge between local operating
decisions and the corporate level financial measure of success. Now it’s time
to see how that bridge works. Net profit (NP) is equivalent to throughput
minus operating expense. Throughput is the difference between total sales
revenue and total truly variable costs (see Figure 3.1). Notice that the TOC
calculation of profit does not ignore the expenses that traditional accounting
normally allocates to units of product — it merely subtracts them after all
the sales have been accounted for. The net profit answer should be the same.

Return on investment (ROI) is equivalent to net profit divided by the
inventory or investment required to generate it (see Figure 3.1). The level of
throughput that can be achieved is limited by the system constraint. Oper-
ating expense is generated primarily by non-constraints.

By now it should be clear where we’re going with the bridge concept.
We’re not going to ask managers to try to measure their decisions against net
profit and return on investment directly. Instead, were going to ask them to
use T, I, and OE as assessment tools and translate them into effects on NP
and ROI. We can improve NP and ROI by making T go up, and by making
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Net Profit = T-0E
Return T-OE

on Investment I

Figure 3.1 Net Profit and Return on Investment
(From Goldratt, Eliyahu, The Haystack Syndrome, Croton-on-Hudson, NY, The
North River Press, 1990, 53. With permission.)

OE and I go down. As we’ll see later, it’s much easier for managers, supervi-
sors, and operating level people to visualize the effects their efforts have on
T, I, and OE than on NP and ROI, because many daily decisions impact only
one of the three measurements.

What Should Our Priorities Be?

The key question is, “Where should we place our management emphasis?”
On reducing operating expense? On reducing investment? Or on increasing
throughput? Traditionally, management has put the highest priority on
reducing costs, which in most cases means reducing operating expense (see
Figure 3.2). There are two compelling reasons for this. First, costs are easy
to measure and relatively easy to control. Second, every dollar of cost saved
goes directly to the bottom line (net profit).

TRADITIONAL JAPANESE CONSTRAINT
MANAGEMENT MANAGEMENT MANAGEMENT
(“JIT”)

1. 1

1. T

2. T 2. 1

3. OE 3. OE

Figure 3.2 Management Priorities
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The second priority for managers is usually inventory reduction. This is
important because managers are painfully aware of the costs associated with
maintaining high levels of inventory. But there is somewhat less pressure to
eliminate excess inventory than to reduce operating expense because it
appears as an asset on the financial balance sheet. The real importance of
trying to eliminate excess inventory is that it can hurt throughput. Too much
inventory inhibits response to market requirements and can slow introduc-
tion of new products even more. This reduces the amount of throughput
that can be generated.

Increasing throughput usually seems to be last in priority, probably
because managers think they have so little control over it — “T” comes from
sales, which, of course, depend on external customers. And customers are
often mercurial, capricious, and always highly uncertain. Better to concen-
trate on what we can directly control.

The Japanese saw the value to be achieved in reducing inventory, which
was a key motivator in the development of Just-in-Time. To do that, they
had to keep the pipeline flowing — a pull phenomenon — which meant that
increasing throughput assumed a greater (though secondary) importance as
well (see Figure 3.2).

Constraint theory suggests that increasing throughput ought to be the
first priority. Reducing inventory, or investment, should be second. And
reducing operating expense should be the last priority.

Why does constraint management emphasize increasing throughput?
What’s the rationale for putting throughput first, inventory second, and
operating expense third? In its simplest form, the answer lies in another
question: “Are we in business to save money or to make money?”

Take a look at the bar graph in Figure 3.3. The three bars represent
operating expense, inventory, and throughput, in that order. The theoretical
upper limit of the graph is infinity. The theoretical lower limit is zero. Oper-
ating expense and inventory can’t be reduced below zero, and throughput
can’t be increased to infinity. But the practical limits for reducing OE and I
are actually much higher than zero, because we have to spend some money
to make money. The practical limit for increasing T is also much less than
infinity, but its potential for adding to the bottom line is still significantly
more than the potential for doing so by cost-cutting (OE and I reductions).

Moreover, there’s a risk associated with cost-cutting. Because there’s a fine
line between spending enough and spending too little, if we cut OE and I
too much, we hurt our ability to generate T. And in our efforts to slash these
costs, who can say for sure exactly where that line is, and when we’ve crossed
it? Remember the airplane analogy in Chapter 2? Just as a control change in
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WHY CHASING COST REDUCTION IS NON-PRODUCTIVE
= =

{Theoretical Limit)

(Potential for
improvement)

(Potential for improvement)

(Theoretical OE
Limit)

Figure 3.3 Limits to T, I, and OE

one axis can affect performance in one or more of the other two, so can a
change in I or OE affect T. They’re not entirely independent of each other.

Any organization that has been involved in some kind of TQM-based
continuous improvement effort has probably made a significant dent in
reducing OE and I already. There may not be much more water in that well.
Increasing throughput offers the best real opportunity for most companies
to improve profitability, now and in the future.

So the overarching strategy of constraint management is to focus prima-
rily on increasing throughput. In doing the right things to make this happen
(exploiting the constraint, subordinating non-constraints), inventory/invest-
ment is allowed to seek its own natural level. Usually this is a lower level than
before constraint management was applied. Finally, constraint theory sug-
gests capitalizing on opportunities to reduce operating expense.

However, in doing so we must ensure that whatever decisions we make
don’t compromise our capacity to generate T. We should also not waste time
or endanger future T by actively searching for ways to reduce operating
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expense today. For these reasons, constraint management makes reducing
OE a definite third priority.

T, 1, and OE: An Example

Let’s see how the concepts of throughput, investment, and operating expense
we’ve just discussed apply in the real world. Take a moment to read the article
in Figure 3.4.

You can see where the emphasis is at Boeing. And you can see what the
short-term effects are. But where in this article is increasing throughput (i.e.,
generating more sales) mentioned? Take a look at Figure 3.5.

Here’s the mention of throughput! (Figure 3.5) Draw your own conclu-
sions: Is Boeing doing the right thing by focusing exclusively on cutting costs
and inventory/investment? They’re using heavy cost-cutting to improve
short-term profits, without any improvement (actually a decline) in sales.
Between now and 2001 they will slash $2.7 billion in costs, trim their work-
force (OE) by 20%, and facilities (I) by 23%. Yet only 2 years ago, they
couldn’t find enough skilled workers or floor space to fulfill orders for their
737 aircraft on time! And now they’ve lost significant sales to Airbus — their
only competitor in the world! Will their reductions in OE and I offset their
losses in T? Stay tuned . . . only time will tell. Could they have done things
differently, with better results?

Throughput (Constraint) Accounting

Managing by financial measures, usually cost, is what traditional manage-
ment accounting is all about. Practitioners of constraint management refer
to the use of T, I, and OE as throughput accounting, or sometimes constraint
accounting. In actuality, T, I, and OE are decision support aids. They don’t
really qualify as an accounting method — at least, not yet — because the
detailed quantitative rigor needed to satisfy the other requirements (external
reporting to investors and tax agencies) has not yet been developed.
Moreover, we don’t suggest that traditional accounting practices should
be discarded in any event, as they effectively support the external reporting
requirements previously mentioned. We do, however, suggest that managing
by traditional cost-accounting principles delivers suboptimal results for
whole business systems. Consequently, we recommend confining the use of
generally accepted accounting procedures to external reporting only. But



Assessing System Success 47

Boeing sees earnings soar up, up, away  USA Today, Friday, July 16, 1999, p. 1B
Cost cutting cited in 172% increase in second quarter
by David Field, USA TODAY

NEW YORK — Boeing’s earnings leaped 172% in the second quarter as cost-
cutting steps began to work, Chief Financial Officer Debby Hopkins said here Thurs-
day. In one of her first appearances since joining Boeing in December, Hopkins
unveiled a quarterly report card to gauge its progress in turning around the com-
mercial aircraft business.

The turnaround is under way, she said, second-quarter net income rose to $701
million, or 75 cents a share, compared with $258 million, or 26 cents a share, a year
ago. Its operating income was $793 million, up from $416 million in the 1998 period.
Across all of its operations — airliners to space to defense — revenue rose 13% to
$15.13 billion from $13.39 billion a year ago. Its profit margin rose to 4.6% from
1.9% in 1998 second quarter.

Hopkins’ efforts are winning favor on Wall Street. Boeing shares sagged by one-
third in 1998, but by Wednesday had set an 11-month high of $47. Shares dipped
7/8 Thursday on profit-taking to $46 3/4. One way to boost share price is cutting
jobs, she said. Boeing will lop about 48,000 jobs by the end of next year from a 1998
peak of 238,600 workers.

Its key tools for tracking Boeing’s improvement are four bench-marks that will
be reported quarterly in a “value scorecard.” The measures:

B Factory space. “When you look at the facilities we now have, it’s just stag-
gering” Hopkins said of Boeing’s 124 million square feet of factory space
across the country. Her goal is to get that to 122 million square feet by Dec.
31, to 109 million by the end of 2000 and eventually to 95 million square feet.

B The number of suppliers. Boeing wants to cut that from 31,500 now to
31,000 by Dec. 31 to 25,000 next year and eventually to 18,000.

B Inventory turnover. Boeing will raise the number of times a year that it
replaces supplies by trimming the manufacturing process. The higher the
turnover, the faster it uses parts, saving storage. It wants to raise turnover
from 2.5 a year now to 2.9 by year’s end, 3 in 2000 and eventually 4 a year.
“The more they do, the more cash they’ll have,” says JSA Research analyst
Paul Nisbet.

B Overhead. Boeing will cut $600 million from costs this year. $1.6 billion
more in 2000 and, eventually, $2.1 billion more.

©1999 USA TODAY. All rights reserved. Reprinted with permission.

Figure 3.4 Boeing Article #1 (USA Today)
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Airbus shoots ahead of Boeing on new jet orders in first half
—Printed in the Seattle Times, Business News, July 20, 1999

by Andrea Rothman and Peter Robinson, Bloomberg News

TOULOUSE, France — Airbus Industrie shot ahead of rival Boeing in winning
airplane orders in the first half of 1999, racking up sales of 234 planes against 120
for Boeing, the two companies said.

The strong showing for the European aircraft maker, the world’s second-largest
after Boeing, comes as both manufacturers are bracing for a steep decline in orders
over the next few years, partly the result of airlines ordering greater-than-expected
numbers of planes in the last three years amid fierce price-cutting in the race for
market share.

In the past 18 months, Airbus has snatched some of Boeing’s most reliable
customers, which analysts attribute partly to their frustration over late deliveries as
Boeing struggled with production bottlenecks. Orders for big jetliners, a Boeing
mainstay, are also down because of the slump in Asia’s economy.

“The six-month numbers are confirmation that Airbus is on a high just now,
and that Boeing still hasn’t shaken off its production hangover,” said Doug McVitie,
managing director of Arran Aerospace, an aviation-forecasting and consulting com-
pany based in Scotland.

The figures don’t include a 50-plane order from International Lease Finance for
Boeing that was announced in June but won’t be signed until this month.

Even as Boeing beat forecasts when it reported a 55 percent jump in second-
quarter profit last week, McVitie said the earnings report gave no indication that
Boeing was doing a better job of winning orders.

©1999 Bloomberg L.P. All rights reserved. Reprinted with permission. Visit
www.bloomberg.com

Figure 3.5 Boeing Article #2 (Seattle Times)

there is still a pressing need for a rational, effective way to help managers
make the right tactical and operational decisions. The purpose of measures
like T, I, and OE is to help managers make decisions that will advance the
organization toward its goal. To that end, T, I, and OE are better characterized
as Throughput-Based Decision Support, and that’s the way we’ll refer to them
hereafter.
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Constraint Management
Tools

uccess or failure in any endeavor often relies on the selection and

proper use of the right tools. Constraint management is no different.

While the Five Focusing Steps are effective guidelines for the tactical
and strategic management of any kind of system, in specific situations the
nature of the constraints and the problems associated with them call for
different tools and procedures. Exploiting a constraint would be done dif-
ferently in a service environment than in a production process. Subordination
would be different in a heavy manufacturing company that produces stan-
dardized products than it would in a small job shop. Knowing which of the
tools of constraint management to apply requires a prior understanding of
the different types of constraints and their characteristics.

Types of Constraints

In their initial exposure to constraint theory, people are often bewildered by
the wide variety of factors that could constrain an organization. On closer
examination, however, almost anything that might be identified as a con-
straint falls into one of seven categories.

1. The market is always a prime candidate to be a constraint. Anytime

sales demand is less than the system’s capacity to handle that demand,
we consider a market constraint to be active.

49



50

Manufacturing at Warp Speed

Resources are another obvious type of constraint. We're referring here
to the people, equipment, or machines that do the work of producing
a product or service. When an internal resource isn’t able to respond
to all the requirements the market demand imposes on it, that
resource is considered an active constraint. Support (indirect) func-
tions fall into this category of constraint, too.

A material constraint exists when a system can’t obtain enough raw
material or supplies to do its manufacturing or service job. We’re
talking about external material shortages, or the inability to obtain
sufficient quality material, not unreliable suppliers.
Vendors/suppliers can also be a constraint. Their delivery reliability is
bad, or their quoted lead times are so long that they discourage market
demand for finished products. As you can see, this is different from
non-availability of material or supplies.

Everybody always says they’re financially constrained. But in reality,
what they mean is they’re budget-constrained. A true financial con-
straint occurs only when a company doesn’t have the financial
resources to meet its obligations — a cash flow problem. For example,
some small companies are financially constrained when they need to
sell (and be paid for) products so they can use that money to buy
raw materials to fulfill other orders. If there isn’t enough cash, any
other constraints might not matter.

A knowledge or competence constraint is similar to a resource con-
straint. A knowledge constraint occurs when the organization doesn’t
know how to do what needs to be done to succeed. For example, not
knowing how to produce high-quality, precision parts may limit a
company’s future success. It may also be that the company doesn’t
have enough competence in tasks that need to be performed, such as
engineering, marketing, or information management. We consider
competence to be a constraint only when an existing competence is
used to its limit, and any improvement in that particular competence
will result in more profit.

The last, and most pervasive, type of constraint is policy. A policy
might be a written document, although it doesn’t have to be. Policies
may be no more than ways of thinking, or cultural mores. “That’s not
the way we do things around here!” is essentially a policy constraint,
even if it’s not written down anywhere. “We’ve always done it this
way,” is the other side of the same coin. “Not invented here” is another
example of a tacit policy constraint. We consider cultural constraints
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— the norms and values that limit improvements to organizational
performance — as policy constraints, too.

Policy constraints are the most insidious of all, because in the final analysis
almost every other type of constraint is driven by some kind of policy.
Consequently, the changes needed to properly identify, exploit, or elevate
constraints, and to subordinate non-constraints, will inevitably require
changing policies somewhere within the organization. To the extent that this
is difficult to do, the policy, rather than the physical resource, is likely to be
the real system constraint.

We’ve said that very few factors constitute true system constraints. In fact,
at any given time, there might be no more than one active constraint. How
can we know when one of these constraint types is currently the active one?
Here’s a simple rule of thumb: If any change in the activity of a system element
will directly (and quickly) impact the bottom line, that factor can be consid-
ered an active constraint. For example, an unreliable vendor is probably not
an active constraint, even though its inferior performance may cause us a lot
of trouble. For a vendor to be a constraint, we need to demonstrate by direct
cause-and-effect logic that improvement in that vendor’s reliability will have
a significant, relatively immediate positive effect on the bottom line. Beware
of quickly defining as constraints all kinds of limitations that seem undesir-
able, but don’t directly limit the achievement of the company’s over-all goal.

Constraint Types: Examples

Here are some typical examples of the constraint types mentioned above.

Market constraint. The occupancy rate at a vacation resort drops from
nearly 100% in August to less than 30% in October and November (not
enough sales).

Resource constraint. Orders for barbecue grills increase to the point that
a sheet-metal fabrication company has to delay promised delivery dates,
because the shop floor can’t produce the grills fast enough (capacity
limitation). The delay causes some potential customers to look some-
where else for their barbecue grills.

Material constraint. Timber harvesting (and lumber production) is
slowed or stopped because the Bureau of Land Management ran out of
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Peninsula Daily News (Associated Press), Port Angeles, WA,
Monday, Aug. 2, 1999, p. A5

Delays in spray paint delivery curtail Forest Service harvests
Associated Press

Logging in federal forests is down by as much as 25 percent this year in regions
outside the Northwest because the U.S. Forest Service can’t find enough of the paint
it needs to mark trees for cutting. The agency says that it will try to make up the
logging deficit by next year at the latest.

The paint shortage so far has not had an impact on timber sales in Washington
and Oregon. “We still have paint, but we’re running low — and we have an emergency
order in,” spokesman Rex Holloway said.

Timber sales in the five-state Rocky Mountain region are down between 15 and
25 percent because of the paint shortage, forest officials said. Many of the other nine
regions are in “roughly the same ballpark,” although they could catch up before the
end of the year, said Ann Bartuska, director of forest management for the Forest
Service in Washington, D.C. “People are coping perfectly well,” she added.

Some foresters are marking trees the old fashioned way while they wait for the
paint — using a hatchet to notch the trees, Bartuska said.

The agency on May 15 stopped using, oil-based paint to mark the trees it plans
to cut down, after workers blamed the paint on an increase in miscarriages and other
ailments. But Bartuska said the transition to water-based paint was more difficult
than expected. There was an explosion at a paint factory, procurement delays by the
General Services Administration and delays in getting the forest workers’ union to
approve the new paint.

“Everything that could go wrong has gone wrong,” she said, adding that the Forest
Service is rushing as much paint out to forests as it can.

Timber sales in the Rocky Mountain region — South Dakota, Nebraska, Kansas,
Wyoming and Colorado — will be down between 30 million and 51 million board
feet this year, regional forester Lyle Laverty said, in a letter earlier this month. That
disclosure prompted a letter last week from six senators to Forest Service Chief Make
Dombeck.

“These downfalls are not acceptable,” the senators from Wyoming, South Dakota
and Colorado wrote.

©1999, The Associated Press. All rights reserved. Reprinted with permission.

Figure 4.1 BLM Paint Article

environmentally friendly paint with which to mark trees that may be
cut. (See accompanying article, Figure 4.1.)

Vendor/supplier constraint. A supplier of rubber seals routinely ships
2000 seals to satisfy a customer order for 1000 because 50% of the seals
in any one order are bad, and the supplier can’t figure out how to
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separate the good ones from the bad ones (quality/reliability). These
quality problems directly cause loss of substantial market share the
company could have served with their existing capacity.

Financial constraint. A small vendor of precision machined parts quotes a
3-week delivery time for an order, not because it actually takes that long
to build the order, but because the vendor must wait for payment from a
previously delivered order to have enough cash to buy the stock for the
current order (cash flow) These quotes cause the loss of potential business.
Knowledge/competence constraint. A small manufacturer loses sales
because customers require some special heat treatment, and the com-
pany is not very good at doing it (competence). Another manufacturer
fails to export to other countries because no one in the company knows
how to open a subsidiary in a foreign country (knowledge).

Policy constraint. A company’s board of directors rejects a product devel-
opment proposal because it does not deliver an internal rate of return
exceeding 22% within 2 years (historically established standard).

The Logical Thinking Process

With so many different kinds of constraints, and with policy constraints
underlying most of them, how can we identify the specific changes we should
be working on? Many of these constraints aren’t easy to identify. Often, they’re
not physical, or they’re not easy to measure. They sometimes extend beyond
the boundaries of production processes alone, although they still affect man-
ufacturing, and sometimes — especially if they’re policies — they pervade
the whole organization.

To facilitate the analysis of complex systems, Goldratt created a logical
thinking process. The thinking process is composed of six logic diagrams, or
“trees.” The Current Reality Tree (CRT) is designed to help identify the system
constraint, especially when that constraint is a policy of some kind. The
Evaporating Cloud (EC) — a kind of conflict resolution diagram — helps
resolve hidden, underlying conflicts that tend to perpetuate the constraint.
The Future Reality Tree (FRT) tests and validates potential solutions. The
Negative Branch, which is properly a subset of the FRT, helps identify and
avoid any new, devastating effects that might result from the solution. The
Prerequisite Tree (PRT) helps to bring to the surface and eliminate obstacles
to implementation of a chosen solution. It also time-sequences the actions
required to achieve the objective. The Transition Tree (TT) can facilitate the
development of step-by-step implementation plans.
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These tools are specifically designed to help answer the three major ques-
tions inherent in the first three of the five focusing steps: What to change, what
to change to, and how to cause the change? It is not the objective of this book
to address the construction and application of the logical thinking process.
There are other books better suited to that task.* However, you'll notice that
several of the thinking process logic trees are used in this book to communicate
various conclusions about manufacturing and business issues.

Though we won’t be getting into how to build these logic trees, it is neces-
sary to understand how to read them. The Current Reality Tree, Future Reality
Tree, Negative Branch, and Transition Tree are cause-and-effect trees. They’re
read using “If... then...”, as you did with Figures I.1 and 2.2 (Generic Manu-
facturing Current Reality Tree and Assumption #3, Current Reality Tree). The
Evaporating Cloud and Prerequisite Tree are read a little differently. They’re
what we call “necessary condition” trees and are read using “In order to have...
we must...”. For example, “In order to make more money, now and in the
future, we must increase Throughput.” Figure 4.2 shows how this statement is
graphically represented in a necessary condition relationship.

Critical Chain

Another valuable asset in the constraint management toolbox is called “crit-
ical chain.” Also the title of a book by Goldratt,** the critical chain concept
provides an effective way to schedule project activities by accommodating
uncertainty and resolving simultaneous needs (contentions) for the same
resource. The result of applying critical-chain scheduling and resource allo-
cation is a higher probability of completing projects on time, and, in some
cases, actually shortening total project duration.***

* Refer to:

1. Dettmer, H. William, Goldratt’s Theory of Constraints: A Systems Approach to Continuous
Improvement, Milwaukee, WI, ASQ Quality Press, 1997.

2. Dettmer, H. William, Breaking the Constraints to World-Class Performance, Milwaukee, W1,
ASQ Quality Press, 1998.

3. Scheinkopf, Lisa J., Thinking for a Change: Putting the TOC Thinking Processes to Use, Boca
Raton, FL, St. Lucie Press, 1999.

** Goldratt, Eliyahu M., Critical Chain, Great Barrington, MA, The North River Press, 1997.
***For more details on how the critical chain concept works in actual application, refer to:
Leach, Lawrence P, Critical Chain Project Management, NY, Artech House, 2000.

Newbold, Robert C., Project Management in the Fast Lane: Applying the Theory of Constraints,
Boca Raton, FL, St. Lucie Press, 1998.
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Evaporating Cloud Prerequisite Tree

Capacity for a
“In order 25% surge in

“In order to...” “..we must...” to have...” demand

Improve Increase sales

profitability

Acquire three

“,_.we must...” additional
milling

machines

Figure 4.2 Necessary Condition Relationship (Example)

Drum-Buffer-Rope Production Scheduling

Probably the best known of the constraint management tools developed by
Goldratt is “Drum-Buffer-Rope.” The origin of this name dates back to the
analogy Goldratt and Cox used in The Goal' to describe a system with
dependencies and statistical fluctuations. The analogy was a description of a
boy scout hike. The drum was the pace of the slowest boy scout, which
dictated the pace for the others. The buffer and rope were additional means
to ensure all the boy scouts walked at approximately the pace of the slowest
boy.

Goldratt and Fox, in The Race,* describe in detail the manufacturing
procedure that stems from the concepts of a drum, a buffer, and a rope
originally introduced through the boy scout hike. The Drum-Buffer-Rope
(DBR) method sets the means for synchronizing an entire manufacturing
process with the pace of the least capable resource. This book introduces a
simplified version of the original Drum-Buffer-Rope developed by Goldratt
and compares the two versions.

* Goldratt, Eliyahu M. and Robert E. Fox, The Race, Croton-on-Hudson, NY, The North
River Press, 1986.
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The Five Focusing Steps Revisited

Though we’ve already discussed the five focusing steps as basic principles of
the theory of constraints, they can be considered tools as well. The use of
the word “steps” connotes a kind of cookbook procedure, but these steps are
more of a conceptual framework for identifying and managing constraints.
Considered at the abstract level, the five focusing steps have tactical and
strategic characteristics.

Exploitation and subordination improve foday’s throughput. They enable
us to realize more from our existing resources. When we exploit and subor-
dinate, we should expect throughput to increase, but we should not expect
operating expense to decrease — it probably won’t. But it isn’t likely to
increase, either. Inventory, or investment, is likely to go down naturally —
or we may safely reduce it. But under some circumstances, it may stay the
same, too. It is not likely to increase. Hidden capacity is likely to be uncovered,
which permits throughput to increase without incurring additional cost.
Exploitation and subordination may be said to “squeeze blood from a stone.”

Identification and elevation are concerned with improving future
throughput. Besides telling us where the system constraint lies today, the
identification step can also predict where the constraint will go in the future.
After exploiting and subordinating, there is no more “blood” to be extracted
from the stone. Our only option is to find more stones! That’s what elevation
does for us. But when we elevate, we should expect operating expense, inven-
tory/investment, or both, to increase — after all, we’re acquiring more new
capacity, and that does not come for free. But we should also expect a
significant increase in throughput, enough to more than offset the increase
in OF and L.

To briefly summarize (Figure 4.3), the exploit and subordinate steps can
be considered tactical activities. They are designed to maximize today’s
throughput. In other words, they tell us where the constraint is foday and
what we should do about it. The identify and elevate steps can be considered
strategic activities. Determining where the constraint is today and taking
steps that can move it somewhere else tomorrow definitely affects system-
level strategy. Elevation is intended to maximize future throughput. In other
words, these steps tell us where the constraint will be tomorrow, and what
should we do about it.

Appendix A describes a tabletop exercise called “The Dice Game” that
demonstrates the importance of optimizing the whole manufacturing system
and shows the impact of variability (statistical fluctuation) on dependent
events.
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Figure 4.3  Five Focusing Steps: Strategic as Well as Tactical

Reference

1. Goldratt, Eliyah M. and Jeff Cox, The Goal, 2nd ed., Croton-on-Hudson, NY, The
North River Press, 1992, 103—119.






How Work Flows
through a Manufacturing
Process

the opportunity to see a relatively simple application in the dice
game (Appendix A), we're ready to find out how it applies in a more
realistic manufacturing environment.

The flow of work through a manufacturing process has a direct bearing
on how we exploit an internal constraint and subordinate non-constraints.
Manufacturing processes differ by their structure and the nature of the flow
of work-in-process through that structure. While constraint theory applies
to all types of work flow, it is applied a little differently in each type.

Nearly all manufacturing processes fit into at least one type, and some-
times a combination of them. The four basic types of work flow are referred
to as “A” “V,” “T}” and “1.” This taxonomy is based on the graphical repre-
sentation of their respective flows.

N ow that we’ve completed our first look at constraint theory and had

The “A” Flow

The “A” flow is so named because it resembles the letter “A.” In Figure 5.1,
the “A” is turned on its side. “A” flows typically begin with a larger number
of raw materials that are combined in some way as they proceed through
production, ending in a fewer number of finished products. Most “A” flows

59
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Process Activities

RM-4

Figure 5.1 “A” Flow

are typical assembly operations, such as job shops, aircraft construction, and
consumer electronics.

The “V” Flow

The second type of flow is the “V,” so named because it resembles a letter
“V2 In Figure 5.2, the “V” is laid on its side. A typical “V” flow begins with
very few raw materials — maybe only one. The flow of materials through a
“V”-shaped process diverges as it proceeds through production, resulting in
many more different kinds of finished goods. A capacity-constrained resource
(CCR), if there is one, is usually located near the beginning of the process.
“V” plants are characterized by expensive equipment and long setups.
Some examples of “V”-type industries include steel-making, plastics,
wood products and paper, and oil refining. Some kinds of food processing
fit the “V” characterization as well. Potatoes can become packaged hash
browns, french fries, or home fries, as well as a wide variety of potato chips.

The “1” Flow

“I”-type flows are so named because they resemble a straight line from a few
raw materials to a few finished products (see Figure 5.3). These are often
dedicated assembly lines. In typical “I” flows, the line produces only a limited
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number of products, and it works on only one product at a time. Examples
of “I” flows include food and chemical industries, sheet-metal fabrication,
and some kinds of consumer goods.

The “T” Flow

“T”-shaped flows are so named because they resemble the letter “T” (see
Figure 5.4). A “T” flow reflects a limited number of components that can be
assembled in a wide variety of ways to create a very large number of finished
products — far more than the number of original components. This latter
part of the process, starting with the components, is similar to the “V” flow.
However, the front end of the process — the making of the components —
is usually composed of somewhat independent flows which may resemble
either an “A” or an “I.” Consequently, “T” flows are essentially combinations
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of “V” and “A” or “I” flows. In Figure 5.4, you can see that the process starts
out looking like an “I.” It transitions to an “A” at the assembly points (in the
middle), and it becomes a “V” at the end.

In a “T”-type plant, no real CCR dominates, because this structure is too
complex, demand for given end products usually fluctuates, and there is a
need for excess capacity everywhere in the system. In “T” plants, final assem-
blies experience the most problems, even though they have excess capacity,
because of starvation due primarily to stealing,* and ineffective or improper
subordination. Examples of “T”-type flows include automobile manufacture
and circuit card assembly.

* Stealing in this case is not actually a crime. It refers to the deliberate or inadvertent
misdirection of common parts at a divergence point. For example, if a manufacturing process
step produces a motor-driven compressor for each of two different end products, and a batch
of compressors scheduled to go to the first product is taken by a machine operator at the
succeeding step to build the second product, we say that stealing has occurred.
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Each of these types of flow presents its own unique challenges to man-
agement, but constraint theory can be effectively applied to any of them.

Various Manufacturing Environments and Their
Specific Problems

Besides the differences presented by “A,” “V,” “T,” and “I” work flows, another
kind manufacturing environment exists in every production organization.
This environment results from the customer fulfillment strategy the company
chooses. Any production organization can be characterized as make-to-order,
make-to-stock or to forecast, or assemble-to-order. Some authors on produc-
tion management suggest that “A” plants tend to be make-to-stock while “V”
plants are make-to-order. Their rationale is usually based on the relatively
fewer products resulting from an “A” than from a “V” However, these days
most “A” plants produce a greater number of different kinds of products than
ever before. Some of them are job-shops with full customization, meaning
there is no way to effectively make-to-stock. On the other hand, many “V”
plants employ make-to-stock, often assisted by forecasting, because their
customers demand very fast response.

It seems there’s little correlation between the type of flow and whether
the manufacturing strategy is make-to-stock, make-to-order/make-to-fore-
cast, or assemble-to-order. The nature of the problems associated with any
of the “make-to...” environments is different from the problems resulting
from the type of flow.

What category your organization falls into is, to a certain extent, a voluntary
choice. In some cases, however, the market situation may push a company
toward one fulfillment strategy rather than another. For example, some types
of businesses voluntarily choose to be make-to-order. They don’t build prod-
ucts until (and unless) they have a firm order for them. On the other hand,
many organizations have customers who demand exceptionally fast response
to their requests — faster than the company can build and deliver an order.
These companies are usually forced to manufacture some stock ahead of time
to be able to ship immediately upon request. Those same organizations usually
use forecasts to decide how much to build ahead of time.

Some companies avoid making to stock by building partial assemblies —
usually common ones — that are stored for use when a firm order comes in.
This is a way of getting a head start on a long manufacturing process. By
building these partial assemblies ahead of time (before there is an actual
demand for them), companies often can significantly cut manufacturing lead
time.
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Make-to-Order: The Preferred Way, Whenever Possible

The theory of constraints encourages a make-to-order philosophy to the
maximum extent possible. There are several good reasons for this.

1. Subordinating to a market constraint is easier and more efficient in
make-to-order than it is in make-to-stock or make-to-forecast,
because the relationship with the customer is direct. There’s no need
to guess what is needed now and what’s not.

2. Exploitation of an internal constraint — also known as a capacity-
constrained resource (CCR) — is also better. The system produces
only what the market really requires and does so according to real
priorities.

3. True levels of capacity and load are more visible in make-to-order,
because no one is confusing the issue by producing something that
isn’t absolutely needed right now.

4. Finally, the risk of obsolete inventory is dramatically reduced.

One of the most devastating mistakes a manufacturing organization can
make is to turn a make-to-order operation into a make-to-stock in a mis-
guided attempt to smooth the load on the system (that is, to make non-
constraints more efficient). A second serious mistake an organization can
make is to fail to move toward a make-to-order operation when it has the
capability to do so, even if only partially, because its managers don’t think it
can be done.

Make-to-Stock

If make-to-order is such a good way to operate, why do companies voluntarily
choose to make-to-stock? One reason is that it is a relatively convenient,
stable business operation. We always know how much we’re going to produce
next week, next month, and next quarter. This makes production scheduling
much easier to do.

Another reason is that confirmations to customers can be made on the
basis of what is in stock, — i.e., ready to deliver now — not on promises
from production. Also, off-the-shelf delivery to customers is a faster
response.

The real motivation for making to stock, however, is that usually our
actual production lead time is longer than the customers can or will wait for
delivery. The objective of constraint management in manufacturing is to
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enable lead times short enough that the company can make-to-order as much
as possible and still deliver in time to meet the customer’s needs. For example,
if a customer requires delivery in 2 days, and you have the capability to make-
to-order in that time, why would you ever maintain more than a minimal
“insurance” amount of finished goods inventory? The theory of constraints
aims to bring the production operation as close as possible to make-to-order
by enabling the reduction of actual manufacturing lead time.

The reason TOC favors a make-to-order approach is that there are several
sticky problems associated with making to stock. First, finished-goods stock
costs money — real money, not pure paper figures — that isn’t required in
a make-to-order mode. In make-to-stock, funds must be expended for the
raw materials to manufacture the finished stock. These fixed costs tie up
money so that it can’t otherwise be spent on activities that directly generate
throughput, because the company is committed to holding inventory. More-
over, a certain percentage of inventory often “dies” — it becomes obsolete
before it can be sold. It must then be scrapped or sold below the variable
cost of manufacture just to clear it out of the warehouse.

Second, introducing new products becomes much more complicated
because of the need to get rid of old product inventory first. The switch
between the old and the new must be effectively planned, so no unsold old
finished goods will remain.

Third, trying to identify changing market trends from stock consumption
data is not easy. In a make-to-order environment, the backlog directly reflects
the exact current demand. But in make-to-stock, the volume of sales per
product in different time windows must be observed to detect a change in
the market’s taste.

Finally, it’s not easy to exploit an internal constraint in a make-to-stock
environment. Exploitation means maximizing the throughput generation of
a constrained resource, but when that resource’s time is divided between
manufacturing what is needed now and what isn’t, the management of pri-
orities becomes more complicated.

It should also be noted that once youre in a make-to-stock mode, it’s
very difficult to get out of it. The warm, fuzzy feeling of convenience it
provides motivates people to stay in that comfort zone.

Though make-to-order offers definite advantages over make-to-stock, in
some situations make-to-stock can’t be avoided. This is usually the case when
a company’s market demands delivery faster than the company can produce.
Failing to meet the customer’s expectation for fast delivery has both short-
and long-term impact. In the short term it’s loss of an order (today’s “T”).
In the long term, it could be loss of a customer (future “T”). However, while
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we may be forced into some degree of make-to-stock by the behavior of our
market, we should not accept make-to-stock as an exclusive way of life. If we
can produce faster (shorten manufacturing lead time), we can produce to
order more often and eliminate, or vastly reduce, the need to build finished
stock. Make-to-stock should be reserved for only those circumstances in
which there is no alternative. However, when manufacturing lead time is
shortened as much as feasible, rather than accepting make-to-stock as a way
of life, we should look for market segments that are prepared to wait a little
longer in exchange for more value (e.g., discounts). Waiting longer in this
case means not weeks or months, but perhaps days.

Make-to-Forecast: A Variation of Make-to-Stock

A significant number of companies base their production planning on a
forecast of future sales. On the surface, this looks like a superior way — better
than traditional make-to-stock — for solving the problem of having to deliver
faster than the production lead time. Forecasting is also used heavily for
purchasing material. Let’s first address the role of forecasting in production
planning, then we’ll talk about it’s role in purchasing.

The rationale for forecasting is simple and straightforward. We wish we
could produce just to order. But sometimes this isn’t possible, because the
customer’s patience is shorter than our manufacturing lead time. If we can’t
persuade our customers to relax their requirement for immediate delivery
and we can’t shorten the manufacturing lead time to match our customers’
requirements, we're forced to produce finished products before we have a
firm order in hand. There seem to be two ways to do this. One is to make-
to-stock. As we have seen, this way involves determining a fixed re-order
point, which should be based on a gross estimate of future demand. The
other, much more sophisticated way, is to make-to-forecast. This requires
predicting future sales and producing according to that prediction.

The advantage of make-to-forecast over make-to-stock is that it affords
us much further visibility into the future, providing the opportunity to better
smooth the load throughout the year. It also allows us to hold many fewer
finished goods in inventory. It is a clear winner. Or is it really?

Make-to-forecast can be a clear winner only if the forecast is very reliable.
Unfortunately, in the real world, forecasts seldom are. Moreover, decision
making based on a forecast isn’t simple at all. Let’s consider a simple example.
Suppose the sales forecast for product P109 for February is 100 units. This
is the best forecast we can get anywhere. The production lead time of P109
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is about 1 month, and it’s now January 1. Let’s ignore the fact that sales
predictions cover a whole month. How much should we produce? Do we
really want to have 100 units of P109 on February 1? Not necessarily. In most
cases we should have more on hand.

In order to make a sound decision, we need an additional piece of infor-
mation that we usually miss, and it is quite crucial: forecasting error. Any
forecast aims at the expected value. In other words, the average sales expected.
But even when the forecast exactly hits the expected value, actual sales may
deviate from it. The forecasting error is a measure of the possible deviation
from the expected value. The probability that February sales of P109 will be
exactly 100 is quite small. Actually, it’s likely to be more or less than 100. So
what do we do?

The most common solution is to determine a level of safety stock. How
much should this be: 10, 20, or 100% of the expected value? The rationale
usually is that safety stock should cover one or two standard deviations of
forecasting error, depending on the level of service required by management.
In reality, the forecasting error is included only very rarely, and a managerial
quantitative definition of a service level isn’t too common, either.

There are two reasons why we don’t see the forecasting error very often.
First, when forecasts are based on the intuition of the marketing people, the
concept of error simply doesn’t exist. An alternative might be to use a rea-
sonable range of sales, specifying the February sales as a range, for instance,
between 70 and 130. However, even this simpler, more intuitive concept isn’t
used frequently.

Second, even when the forecasting error is available, and computerized
algorithms are able to assess it, the error may be so large that the whole
notion of forecasting seems dubious. Suppose the forecasting error for Feb-
ruary is 200, or twice the expected value. It’s not uncommon for forecasting
errors to be larger than the average. What this means is that the “noise” in
the system is such that there is no real value in the forecast itself. Suppose
that in reality there is an upward trend of 5% every month. This is a very
nice trend, but when the noise of the system is much larger, it may take a
very long time before the trend is identified. Moreover, any forecast algorithm
is bound to be erratic.

The desire for better forecasts has led companies to base them on aggre-
gated demand. While an aggregate forecast may be much more reliable, the
way it is actually used for decision making is really no better at all. Suppose
we have a family of products called P100, that contains products P101 to
P109. While the forecast for the total sales of P100 may be good (a relatively
small forecasting error), most of the detailed production-planning decisions
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have to consider individual products. Deciding that P109, for instance, is
12% of the total P100 family sales is a very crude forecasting decision, which
compromises the reliability of the aggregated forecast. The result is a very
unreliable forecast for P109, and a very poor basis for planning.

It’s interesting to note, too, that most companies using forecasting as the
basis of their production schedule suffer from excessively high inventories
and too many shortages at the same time. Most markets experience significant
sales fluctuations. In such an environment, make-to-stock is substantially
superior, because it allows fast reaction to changes in market demand. As
we’ll see later, make-to-stock lends itself as a very good control mechanism
that can signal when a problem is emerging. One such problem may be that
the demand increases sharply, and the current replenishment level may be
insufficient.

An active control is not very simple and straightforward in make-to-
forecast. In fact, the only real control method in make-to-forecast is constant
re-forecasting, which eventually leads to constant reshuffling of planning. It’s
ironic that the desire for long-term visibility prompted a move toward make-
to-forecast, causing more confusion between planning and execution with
make-to-forecast than without it, eventually leading to less reliable long-term
visibility!

Still, forecasting does have a role in production planning. There is one
clear case where a forecast is the only effective tool we have: when huge peaks
of sales exist for a very short period of time. In this case, we can’t rely on the
rules of continuous replenishment to a fixed level. We have a pressing need
to decide how much to produce before the peak occurs, and this number
can’t be derived from current sales. If you absolutely have to depend on a
forecast, keep in mind that you need both the forecast and the forecasting
error to make effective decisions. It’s certainly nice to know the average sales
at peak demand, but knowing how reasonable that average is and how low
the actual figure may go can be even more beneficial.

In a make-to-stock environment, the forecast should be considered a
control aid. The forecast can give a sense of whether current replenishment
levels are adequate. A decision to change the replenishment level should be
made only when the forecast is significantly different from the stock level
routinely used.

In make-to-stock, the replenishment level serves to buffer or protect us
from two independent sources of uncertainty: market demand and actual
production lead time variability. A forecast of market demand (including the
forecasting error) should be only a partial input to the decision. When a clear
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seasonal demand pattern exists, we should expect to change replenishment
levels accordingly.

Other aspects of production planning have a more pressing need for
forecasting. Capacity planning usually considers longer periods. Aggregate
forecasting is much more useful in this situation, because we don’t need
details about the exact products to be manufactured at any given time. The
purpose of capacity planning is to estimate approximate magnitude. Fore-
casts can be effective at this.

Forecasts and Raw Material Inventories

The challenge of managing raw materials stems from the fact that the time
horizon is much longer. Because forecast accuracy drops farther out into the
future, the reliability of raw material plans based on a forecast deteriorates,
sometimes precipitously. For raw materials that have long, stable shelf lives
(usually meaning that they are going to be used for quite a while), managing
raw material stocks the same way as in make-to-stock is usually sufficient.
This is especially true when a forecast is used to maintain good control by
verifying the validity of inventory levels.

Raw materials with restricted shelf-lives need to be based on forecast,
tempered with some other inputs before translating the forecast into actions.
Don't simply take the result of the forecast in deciding when and how much
to buy. Other factors to consider include the forecasting error (or a reasonable
range), the price of the item, the anticipated damage resulting from a stock-
out, and the response time and reliability of the supplier. Raw material buying
decisions are somewhat sophisticated. They shouldn’t be just a straightfor-
ward result of forecasting input.

There can be a major difference in the relative noise of consumption
between different raw materials. Items that go into some end-products are
much more stable than others. In any case, bear in mind that material
stock is impacted by two nearly independent variables: market demand,
which generates demand for materials, and the actual delivery time of raw
material suppliers. The “red-line” control mechanism, explained later in
this book, when applied to replenishment stock levels, can be very effective
in tracking both variables and signaling when a threat to material avail-
ability emerges.

In summary, the way forecasting is used today is ultimately to the disad-
vantage of manufacturing systems. In most cases, a much simpler make-to-
stock approach can be more effective than make-to-forecast. In those cases
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where a forecast is absolutely required, its use should include the forecasting
error, or the equivalent notion of the reasonable range. When discrete forecast
values are incorporated directly into any production or inventory planning,
you can conclude that somebody didn’t do their homework.

Goldratt contends that any system can be optimized only to the level of
the natural noise within the system, and trying to optimize beyond that level
actually damages the system. Deming has made the same point.! Relying too
heavily on a forecast to represent our reality is the same as trying to optimize
the system beyond its natural noise level.

Assemble-to-Order

One alternative to making to stock (or to forecast) is assemble-to-order. This
is really a combination of elements of make-to-order and make-to-stock. In
assemble-to-order, manufacturing lead time is conserved by pre-assembling
intermediate portions of the finished product. This assembly is usually confined
to the longest lead-time operations. Assemble-to-order can be useful when
intermediate assemblies are common to more than one product. The interme-
diate assemblies are managed as if they were made-to-stock finished products,
but the real finished product is still managed as make-to-order. The principles
of TOC apply to both aspects of the assemble-to-order environment.

In summary, make-to-order is the best approach. This philosophy
demands shorter production lead times, which TOC is designed to provide.
To the extent that make-to-order is not feasible, the first fallback to consider
should be assemble-to-order. If assemble-to-order isn’t sufficient, make-to-
stock is next in priority, and make-to-forecast is a last resort — and only in
cases where it is known to be fairly accurate. The use of make-to-stock and
make-to-forecast should be minimized as much as possible. Finished stock
targets should be designed to cover only the difference between the delivery
response time demanded by the market and the shortest possible manufac-
turing lead time.
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in Part I was the idea that the best efficiency of a whole system is not

the sum of the local efficiencies. Improving each part of the process
to the n degree doesn’t benefit — and might actual hurt — the system as
a whole because of suboptimization.

The “dice game” (Appendix A) shows that variation and dependency
affect all systems. It also demonstrates that even if we balance capacity
throughout the system, it won’t stay balanced for very long because of the
combined effects of variation and dependent events. Trying to balance a
manufacturing system will create interactive bottlenecks that seem to move
from one location to another, maybe even daily. Balanced manufacturing
lines eventually put you in a continual reactive mode, chasing problems from
one part of the process to another.

We also discussed the Five Focusing Steps, particularly the importance of
identifying the constraint, exploiting it, and subordinating everything else to
the exploitation of the constraint. And anytime demand or capacity changes
significantly, the identity of the system constraint is likely to change.

Now it’s time to see how the principles of constraint theory apply to a
notional manufacturing organization.

You’ll recall that one of the most important principles we talked about
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The Simple Production Organization

Let’s look at a simple production organization. We suggest that you now take
a break from reading and move to something a little more hands-on. In
Appendix C, you'll find a description of Plant 120. On the compact disk that
accompanies this book, you have the MICSS program that allows you to
manage Plant 120 for half a year.*

Investing the time to go through the Plant 120 simulation will enable
you to experience firsthand the dilemmas we’re about to discuss. It would
be best if you first read Appendix C, then run the computer-based tutorial
and read Appendix B (a guided tour). At this point you'll understand Plant
120 well enough to run the simulation according to the First Run Instruc-
tions in Appendix C. In this first run, we ask you not to change the pro-
duction policies. As you manage Plant 120 for 6 months (simulation time,
of course), jot down the difficulties you have in maintaining excellent due-
date performance. Consider, too, whether this company might be able to
serve more clients.

Even if you prefer to continue reading now and not spend the time at
the computer running the simulation, take a few minutes now to read the
description of Plant 120 in Appendix C. Most of you will find this operation
to be considerably less complex than the organizations you work for — so
simple that you might consider it unrealistic. For learning experiences, it’s
usually a good idea to keep things simple. Too many complexities and
variables can distract from the basic lessons. Even so, you'll find that run-
ning even this simple a manufacturing company won’t be easy. Concerning
realism, keep one thing in mind: A methodology that works well in a simple
environment might not translate easily to a more complex situation. But,
for sure, if it doesn’t work in a simple setting, it won’t work in a more
complicated one.

Let’s begin with a general situation and work down to specifics. Figures
6.1a and b show the same current reality tree we saw in the introduction. It
doesn’t describe any particular situation. Rather, it characterizes the generic
causality common to many different manufacturing organizations. Take a
moment to read through it. Do you see any similarities here with your own
situation? Especially the “drowning in information” part?

* You must follow the registration instructions in order to use the program, but it will be
well worth your time and effort to do so. After registering your copy of the MICSS, we
recommend that you go through the tutorial included in the software.
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Figure 6.1a Generic Manufacturing Current Reality Tree

Figures 6.2 a and b show a different current reality tree. This one addresses
the specific experience of running Plant 120. When we’ve conducted work-
shops and allowed the participants to run the Plant 120 simulation, we’ve
consistently observed the undesirable effects (UDE) noted in entities 112,
203, 206, and 207. Those of you who ran the Plant 120 simulation in the
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Figure 6.1b  Generic Manufacturing Current Reality Tree

MICSS program probably noticed those effects. While some of you may not
have seen all of these effects in your own environment, between this current
reality tree (Figure 6.2) and the generic manufacturing tree, you have prob-
ably experienced most of them at one time or another.

There are three root causes inherent in Plant 120 problems:

1. Information overload (we don’t know where to look for the important

things).



Applying Constraints Theory to Manufacturing Operations 77

115 We often
run dangerously
low on materials.

114 We plan on
the supplier
delivering on time.

113 The REGULAR
supplier often misses
delivery due dates
(sometimes by a LOT!).

112 We lose track of orders
in the “heat of battle.” [UDE]

110 Actual
production lead
time is longer
than required to
deliver on time.

109 The
REGULAR
supplier is
unreliable.

111 Timely response to
problems with orders
depends on important
decision information.

{Root Cause)

108 We often

105 Our 106 Large 107 In the overlook or fail to
production process and interest of notice important
process is transfer batches improved information for

create significant decisions.
“wait” time in the
manufacturing

process.
)

heavily loaded
with the four
contracts we
have.

efficiency, we
often build what
is NOT needed
immediately.

103 We are
overloaded with
manufacturing
data, much of
which is not useful
for decision-
making.

102 We process 104 We can't
and transfer
production work in

large batches.

separate what’s
important from
what isn’t.

(Root Cause)

100 Large batches
(process and transfer)
are more efficient
(fewer set-ups).

101 We strive for
efficient use of
EACH resource.

(Root Cause)

Figure 6.2a Plant 120 Current Reality Tree

2. An unreliable supplier.

3. An emphasis on efficiency at each step of the production process.
This preoccupation with local efficiency manifests itself in the use of
large process batches, minimum set-up changes, and large transfer
batches (transferring complete work orders).
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One thing we can be relatively sure of is that if these are the policies that
are causing our problems, changing them won’t be easy. Typically, there will
be persuasive arguments not to change them. Would you willingly stick your
neck out to change such policies and be held accountable if the change fails?
In the constraint management paradigm, we typically reflect such differences
of opinion through one of the logic trees of the Thinking Process, a diagram
for resolving conflicts that Eli Goldratt named the evaporating cloud. Let’s
look at three such conflict resolution diagrams that explain the nature of the
resistance to changing these production policies.
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Figure 6.3 Conflict #1: Local Efficiency

Conflict #1: Local Efficiency

This might be termed the efficiency conflict (Figure 6.3). There will be strong
arguments not to split batches. Most of these arguments are inherent in the
assumptions shown in this diagram. But these arguments are invalid — they,
in turn, are based on the erroneous assumption that high local efficiencies
are good. If you recall, we addressed that fallacy when we talked about the
implications of TOC basic assumption #3. Remember our conclusions?

1. You can’t fully load all parts of the system and still satisfy your cus-
tomer (the market).

2. It’s dangerous to even try to do so, because of the damage it can do
to your flexibility, response time, and on-time delivery performance.

What does that mean with respect to this conflict? It means that the most
critical invalid assumption in this diagram is #7 — the one that tries to justify
high efficiency at all resources. If assumption #7 is invalid, then R1 is not
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really a valid requirement for achieving the objective (O). In that case, the
whole top side of this conflict collapses.

The local efficiency conflict is a common one. However, merely recogniz-
ing that assumption #7 is invalid doesn’t really resolve the conflict; there is
still some justification to retain P1, because we can’t ignore the impact of
nearly unlimited set-ups. What we need to do is to revise R1 to read:

R1: Maintain protective capacity on all non-constraints; don’t overload
the CCR.

We also need to revise the assumptions. Assumption #7 will now read:
Without protective capacity on most resources, we can’t guarantee acceptable
delivery due-date performance.

And the assumptions underlying the P1-R1 arrow become:

1. Splitting batches loads resources to higher levels.
2. Adding to the current load risks overloading the constraint.
3. Too many set-ups turn non-constrained resources into constraints.

Even with these revisions, the more common conflict is still intact here
(Figure 6.3, revised).

Conflict #2: Unreliable Supplier

Here’s the second conflict (see Figure 6.4). This could be considered the
unreliable supplier conflict. Like the efficiency conflict, this one, too, centers
on the obsession with cutting costs in every possible area. The arguments
(assumptions) for not using the faster supplier are all based on (a) incre-
mental cost savings on the purchase price of raw materials, and (b) what
seems to be a significant difference in shipping cost (though it’s only a
difference of $500 per order).

If these cost savings drive us to behaviors that result in late deliveries (due
to stock-outs), which, in turn, may result in losing our contracts to more
reliable competitors, how significant are those costs, really? Can we incur
those costs and still make money? Or perhaps make even more money than
we do already?

Conflict #3: Information Overload

Here’s the third conflict (Figure 6.5). We might call this the information
overload conflict. This conflict plays to our instinctive reaction to look for
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Figure 6.3(r) Local Efficiency Conflict (Revised)

more information when we’re confused, rather than trying to separate out
the important information from all that we already have. (Which would you
rather have: more information, or the right information?)

In The Haystack Syndrome, Goldratt defines information as “...the answer
to the question asked.”! Everything else is merely data. Before we can get the
answers to our questions, we must know what questions we should be asking.
So, what are the questions we should be asking about Plant 1202 What should
we be watching to detect problems in time to prevent bad outcomes? What
can we do to keep these problems from happening? Data alone don’t tell us
the answers to these questions. At best, they give us a big pile to sort through,
from which we can synthesize information.

Injections: Breaking Conflict #1

What should we do about the efficiency conflict? Goldratt coined the word
“injections” to describe the actions that should be taken to break a conflict.
His analogy was a doctor injecting a drug of some kind to cure a disease. In
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the case of conflicts, an injection is something that is not currently present
in the situation — something we have to introduce.

Normally, our injections would replace one or both of the conflicting
prerequisites (P1 or P2). We can do this with the revised conflict statement
(Figure 6.3 revised). In this case (the commonly encountered first conflict),
the injections are intended to replace the top-side prerequisite (P1): “DON’T
split batches on the shop floor” The injections are relevant for the two ways
to verbalize the conflict between P1 and P2.

So, in addition to preserving P2, we also want to plan smaller batches
into the master production schedule in the beginning. In the specific case of
Plant 120, the obvious size for a batch is the one that is the exact size of the
order to be delivered, not a fixed batch — a batch size that would be smaller
than the current fixed process batch used in Plant 120. Smaller process
batches in the master production schedule will, in fact, generate the need for
additional machine set-ups at most resources. So when we know where the
system constraint (CCR) lies, we’ll be careful how many additional set-ups
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Figure 6.5 Conflict #3: Information Overload

we allow at that resource. But we won’t worry too much about time lost in
additional set-ups at other locations except when such additional set-ups
come close to fully loading our resources — in other words, when a non-
constraint actually starts to become a constraint. As long as we have some
excess capacity nearly everywhere in the manufacturing process (as indicated
in machine utilization rates and rough-cut capacity), we won’t concern our-
selves too much about additional set-ups. In order for us to do this, however,
we need to have a way of identifying the emergence of a new constraint before
it becomes a serious problem.

Transfer Batches

There is yet another policy that should be changed. Plant 120’s management
has been allowing resources to begin work on an order only when all the parts
are available for the whole order. This has the same effect as transferring in
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batches that are the size of complete work orders. This is a very common policy.
Work-in-process is routinely moved between work centers in complete batches.
MRP basic logic assumes that batches are moved as whole units, as well.

Dedicated assembly lines behave differently. While the line works on a
specific product, between the work stations the material moves by a quantity
of one. The classic example of this is Henry Ford’s moving assembly line,
where one car at a time moved from work station to work station. But can
we apply that policy in a job shop? Certainly! In TOC, the term for the
smallest number of parts that are allowed to move between work centers is
“transfer batch.”

One of the most important characteristics of TOC, and other methods
such as lean manufacturing, is that the size of the transfer batch need not
equal the “process batch.” As a matter of fact, the size of the transfer batch
should be, in most cases, one unit, or as close to one as possible. This doesn’t
mean that every little part must move immediately to the next work center.
But shipping just one part to the next work center should be possible (and
authorized) whenever needed.

The usual explanation for why production managers transfer work-in-
process only as whole batches is that otherwise it would be difficult to handle
the paperwork and control the location of particular work orders. But ask
yourself these questions: Do we really want to make simplified paperwork
the constraint of the whole organization? Do we really lose control when we
let work orders bridge several work centers? Running Plant 120 (and later
ADV200) can give you an idea of the high price, in lead-time and due-date
performance, we pay for the policy of moving work-in-process in batches
equal to the amount processed.

So we want to transfer work-in-process between work centers in smaller
batches (overlapping batches). In the MICSS software, every part processed
by a work center is automatically transferred to the next work center.
However, unless the next work center is authorized to begin processing
partial work orders, this transfer of just one unit at a time has no conse-
quence. By changing the WO Acceptance policy to a Partial Work Order
transfer policy (refer to the “Machine Policy” under “Policies” in the “Pro-
duction View” of the MICSS program), we’re allowing resources to start
work on an order without having all the parts present. This has the same
effect as transferring in smaller batches, even though we’re not establishing
a particular transfer batch size. Try this yourself to see the huge impact
changing this policy has.

The transfer-batch-equals-process-batch policy, which we challenge here,
is indirectly related to the efficiency conflict. Using small transfer batches
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Figure 6.6 Injections for Plant 120 Conflict #1

may cause a work center to set up another process batch before it finishes
the current process batch, because the additional parts are stuck in upstream
operation. Consequently, the desire to save set-ups may be relevant here as
well. But the more common reason for this erroneous assumption is the
desire for efficiency, of both the paperwork and the resources we use to do
the transferring. So the root cause of this policy is the drive for efficiency
everywhere, which is the essence of the first conflict.

The four injections needed to resolve the first conflict are summarized in
Figure 6.6. Two additional injections, NB-1a and NB-1b, are required to
preclude potential negative outcomes from Injection #1 (Figure 6.11, later in
this chapter).

Injections: Breaking Conflict #2

This type of conflict (Conflict #2) is very real in many organizations, whether
we’re talking about suppliers or other outside subcontractors. The least-cost
suppliers are preferred because of low prices, but their reliability may leave
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Figure 6.7 Injections for Plant 120 Conflict #2

much to be desired, and their lead times may be long. It’s a case of getting what
you pay for.

As with any conflict resolution, we’re looking for a way to satisfy the low
cost requirement yet still be assured that we have the material available when
it’s needed. This means that we’ll probably have to accept some increase in
raw material costs as insurance for availability. The challenge will be to keep
material costs under control while we do that. In this case, we will need three
injections (see Figure 6.7):

1. Establish an emergency stock level and order as required from the
fast supplier to ensure that we don’t run out of materials, which would
stop production.

2. Set the emergency stock to a level at which it’s not likely to be
exhausted within the fast supplier’s quoted lead time.

3. Accept some incremental increase in the cost of raw materials as long
as the added sales revenue minus the change in raw material cost
remains positive. This additional injection, NB-2, is needed to pre-
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clude the negative consequence of paying a premium for faster deliv-
ery (Figure 6.12, later in this chapter).

We must distinguish here between emergency stock and traditional safety
stock. For most inventory managers, safety stock is considered any amount
above the average use rate. For instance, if the average weekly consumption
rate is 50 units and we hold 80 units in stock, we have 30 units as safety stock.
An emergency level is the amount necessary to sustain production of firm
orders against stock-out stoppage. This means that when the stock drops below
the emergency level, we have to issue an emergency order. We then depend on
the emergency order to arrive before the current stock is exhausted.

Let’s consider an example. Assume that our average weekly production for
the past year is 50 units of products Al and A2, and that our fastest supplier
can usually deliver within 2 days. How much raw material should we hold as
an emergency, or “red-line” level for raw materials Y1, Z1, and Z2. Let’s not
forget that Y1 is used for both products. Two days of production at 50 units
per week would require 20 units each of Z1 and Z2, and 40 units of Y1.

But what about “Murphy” and an unpredictable market demand? Even
faster suppliers experience unexpected production delays, and a rapid spike
in market demand may exceed our planned production level while we’re
waiting for a fast delivery. How can we mitigate the risk of running out of
raw materials? We would probably be safe in holding an emergency level
equivalent to twice the average demand during the expected 2-day period
required for resupply. So our emergency levels for Y1, Z1, and Z2 might be
80, 40, and 40, respectively.

One might argue that we don’t need that much protection for Y1, because
seldom will both products experience such high demand. Generally speaking,
that’s probably true. But in this particular example Y1 is somewhat cheaper,
and the damage to our throughput resulting from not having material when
required is significantly higher (starvation of the whole shop floor), so the
decision seems sound enough.

Safety Stock vs. Emergency Stock

We must distinguish here again between emergency stock and traditional
safety stock. For most inventory managers, safety stock is considered any
amount above the average use rate. For instance, let’s assume that the average
monthly consumption rate is 220 units, the regular replenishment frequency
is once a month, and our stock target for the start of each month is 300 units.
Under these conditions, our plan provides for 80 units as safety stock.
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An emergency level is something quite different. It’s defined as the amount
necessary to sustain production of firm orders against stock-out stoppage.
This means that when the stock drops below the emergency level, we have
to either put pressure on the supplier to ship the order already in the pipeline
as fast as possible, or issue an emergency order to the fastest supplier we have.
We then depend on the emergency order to arrive before the current stock
is exhausted.

So, dropping below the emergency level clearly initiates emergency actions
to bring in material as quickly as possible. The emergency level should be
significantly lower than the safety stock. Safety stock is intended to protect
against deviations from average consumption. Emergency stock is specifically
intended for situations in which most of the safety is gone, and there’s a real
danger of exhausting all raw material unless emergency measures are taken.
The emergency level depends mostly on what remedial measures we have at
hand to fill the shortfall.

Let’s consider another example (Figure 6.8). Assume that the average
consumption of material Z1, which is needed for product A1, is 250 units
per month. Suppose the normal inventory levels are 750 for replenishment
and 500 for re-order. This means every time the inventory drops below 500,
an automatic purchase order is issued for the regular (cheapest) supplier to
replenish the inventory to 750.

Now suppose that the supplier’s average lead time for delivery is 6.0 weeks.
This means that every time an order is issued we’ll need, on average, about
375 units to cover the average demand The safety stock is about 125 units,
bringing the reorder level to 500. Once the stock drops below 500, a purchase
order is issued, but the actual inventory continues to go down until the
shipment from the supplier arrives. As the market demand may be consid-
erably higher than the average and/or the supplier may be late with the
shipment, there’s a good probability that we may exhaust all our remaining
stock before we receive a delivery from our supplier. We’d certainly prefer to
do something before that happens. But what can we do?

Suppose we have a supplier that’s able to respond, on average, in 2 days.
In an emergency, we can issue an order to that supplier. But this supplier is
also more expensive than our regular one, so we’d like to avoid having to do
that, if possible. Instead, we’d prefer to establish inventory management
policies that allow us to keep stocks as low as we can, while still safeguarding
us from having to use the expensive (but fast) supplier.

How much raw material should we hold as an emergency, or red-line
level for Z1? If the average monthly consumption is 250, then the average
for 2 days is 24. But what about “Murphy” and an unpredictable market
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Re-order to THIS level

A

Re-order when RM inventory
reaches THIS level

If the normal supplier requires
six-and-a-half weeks to deliver,
how far BELOW 500 will the raw
material stock drop, on average,
while waiting for the delivery?

ANS: Down to about 125

And if the supplier is 2 weeks
late delivering?

ANS: Down to about ZERO!
And if the actual demand is AT ALL
above average (which is is 50% of

the time?

ANS: STOCKOUT!

Figure 6.8 Safety Stock vs. Emergency Stock: An Example

demand? Even faster suppliers experience unexpected production delays, and
a rapid spike in market demand may exceed our planned production level
while we’re waiting for a fast delivery. How can we mitigate the risk of running
out of raw materials? We’'d probably be safe in holding an emergency level
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equivalent to twice the average demand during the expected 2-day period
required for re-supply by the fast supplier. So with an expected 2-day demand
of 24, our emergency level for Z1 might be 50. That means that if the actual
inventory of Z1 drops below 50, we would issue an emergency order to the
fast supplier to protect against the possibility of stock-out.

Injections: Breaking Conflict #3

This conflict is related to the generic manufacturing current reality tree —
the one that centers on information overload. Obviously, we’d like a solution
that allows us to pay most of our attention to the factors that are really
important to a system’s success. But we can’t ignore the fact that even minor
parts of the system can occasionally degrade system performance.

Our injections (see Figure 6.9) for this conflict are unique to constraint
theory. First, we're going to identify the system constraint. Then we’re going
to watch it closely to be sure that it doesn’t become either overloaded or
starved for work. This is another way of saying, “Exploit the constraint.”
Second, we’re going to pay only limited attention to the non-constraints in
the system — the parts that have significant excess capacity to respond to
variation and uncertainty. We’ll watch them closely only when they show
signs of stress associated with impending overload, but we won’t worry about
them at all if they are underutilized (as long as the CCR is well utilized). This
is another way of saying, “Subordinate the non-constraints to the exploitation
of the constraint.”

Future Reality Tree: Plant 120

These injections might seem adequate, but obviously we haven’t tested them
yet. We can apply them in Plant 120, but in the real world we may feel a little
more confident about them if we test them logically first. If our assessment
has been correct, we should be able to demonstrate that the injections logi-
cally produce the outcome we want. At the very least, we might find that they
won't be effective before we expend time and energy trying to change the
policies. And we might even identify some new problems that these injections
create — ones that don’t exist now.

So if we were to apply these injections properly, Figures 6.10a and 6.10b
show how we can expect the future to unfold. It would appear from this
Future Reality Tree that our proposed injections will, in fact, deliver the
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INJECTION #7: Identify the
constraint and watch it closely.

INJECTION #8: Monitor non-
constraints only when they are
in danger of losing their
protective capacity.

Figure 6.9 Injections for Plant 120 Conflict #3

results we desire. But they also deliver something else: two possible new
problems.

Our first injection (plan smaller process batches) also produces a new
undesirable effect when we apply it. This new chain of cause-and-effect is
shown in Figure 6.11. In order to keep this new undesirable effect from
happening, we need to take some preventive action ahead of time. That
preventive action is embodied in two injections. One of these, injection #NB-
1b, has already been identified: Treat set-ups as significant only when they
consume protective capacity. The second injection is an additional one
(NB#1a): Enlarge batches and/or conserve set-ups for any resource whose
protective capacity is threatened. If we do these things in addition to the
original injection (#1), we should still be able to realize the desired effect and
avoid this new undesirable effect.

Our second injection (establish an emergency stock level; re-order from
fast supplier when penetrated) also produces a new undesirable effect (see
Figure 6.12). In this case, another cause besides injections #5 and 6 —
“Murphy” — may produce this undesirable effect, too. So, in identifying and
trimming this negative branch, we actually do ourselves the additional favor
of preventing the same effect from a completely different cause that we hadn’t
anticipated. The injection we’ll use to do this is #NB-2 (accept some raw
material cost increases as long as AT remains positive).

Are you ready to try out the injections in the Plant 120 MICSS simu-
lation? Go ahead. Change the production policies in accordance with the
injections from the Plant 120 Future Reality Tree, and run the simulation
again, using the “Second Run Instructions” in Appendix C. Notice any
differences?
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Figure 6.10a Plant 120 Future Reality Tree

Generic Manufacturing Conflict

Sometimes, even in diverse situations, different conflicts have common
elements. Though the words describing one particular conflict may differ
from another, the meaning of those words is generally the same. Moreover,
the root cause of diverse problems within a single organization may be the
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Figure 6.10b Plant 120 Future Reality Tree

same, yet can cause seemingly different conflicts. When we find such situ-
ations, we try to generalize a conflict statement that characterizes the core
conflict behind all the other conflicts. We refer to this as a generic conflict.
The conflict in Figure 6.13 summarizes the other three, and it’s fairly
common to all manufacturing systems. Have you seen it in yours? Even if
you haven’t, keep it in mind. You might be able to identify it more quickly

in future situations.
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Figure 6.11 Plant 120 Negative Branch #1

How do we resolve this generic conflict? The short answer is, “With a
generic solution that will work in most similar situations.” This can be pow-
erful information to know. It means that if you identify this situation in the
future, you can go directly to a solution that has been proven to work in the
past — no need to reinvent the wheel.

In the generic conflict, both requirements (R1 and R2) are valid, which
means that our solution will have to satisfy both of them. In breaking this
conflict, we’d really like to preserve prerequisite #2 and replace prerequisite
#1. But in replacing prerequisite #1, we have to come up with solutions to
ensure that R1 is still satisfied. The two injections in Figure 6.14 are intended
to do that.

Note that the key word in R1 is “control.” This is not the same as “reduce”
or “allow no increase.” The first injection suggests that we ignore the cost of
capacity when making our operating decisions, because those costs don’t
change with most operating decisions. Moreover, there is a pre-existing need
for some minimal capacity level to provide a specific product mix and to
maintain a minimum service level. Beyond that minimal level, non-con-
straints need some excess capacity to ensure effective subordination to the
constraint. And we inevitably end up with even more capacity, because capac-
ity can be purchased only in chunks. For example, you can’t acquire 38% of
an operator or machine. All of these factors create a certain level of expense
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INJECTION #5: Establish
an “emergency” stock
level; re-order from FAST
supplier when penetrated.

INJECTION #6: Emergency
stock is set to a level at which
it’s not likely to be exhausted
within the FAST supplier’s QLT.

(From Fig. 6.10b)

(From Fig. 6.10b)

Figure 6.12 Plant 120 Negative Branch #2

that is not impacted by daily decisions, such as giving priority to one partic-

ular work order or doing more set-ups.

Of course, there are two presumptions here. One is that such daily deci-
sions won’t require us to add capacity — we’ll simply use the excess capacity
we already have. The second is that the decision should not turn a particular
resource into an internal constraint. So since we’ve already paid for our
existing capacity, no additional out-of-pocket costs are incurred if we choose
to not use it fully — only opportunity costs.
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ASSUMPTIONS:
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Control the
generation of
throughput

Figure 6.13 Generic Manufacturing Conflict

Another way of interpreting this injection might be to say, “Ignore capac-
ity costs in daily decision making unless additional real capacity is purchased.”

The second injection suggests that our rule of thumb for decision mak-
ing at the operating level should be to maintain a positive difference
between the change in expected throughput and the change in expected
operating expense. As long as that number is positive (and overall “T” does
not go down), the decision contributes to the organization’s goal. Since the
decision not to fully utilize a resource adds no cost, AT minus AOE remains
positive.

In summary, the traditional policies that support local efficiencies
degrade satisfaction of customers. We risk losing business if this happens.
Large batches, either process or transfer, may look good from an efficiency
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Figure 6.14 Injections for the Generic Manufacturing Conflict

standpoint, but they hurt our flexibility to respond to fast-breaking
changes. They also clog production capacity with work that does not abso-
lutely have to be done now — capacity that could otherwise be employed
to produce more throughput. In many cases, minimizing set-ups isn’t
nearly as important as most people think it is. Finally, even with a good
plan, a means of control — anticipating and preventing problems before
they have a chance to develop — is critical to success.
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Traditional
Drum-Buffer-Rope

buffer-rope,” and why are we calling it traditional? Drum-Buffer-Rope,

usually referred to by its abbreviation DBR, is a method of manufac-
turing production scheduling originated by Goldratt in the 1980s. The theory
of constraints grew out of manufacturing applications of this method, similar
to the situation Goldratt and Cox described in The Goal.! DBR itself was first
described in detail by Goldratt and Fox in The Race,? and in even more detail
in The Haystack Syndrome.

The “drum” in DBR was first considered to be the internal capacity-
constrained resource (CCR) that limited the overall production of a company.
Later, it came to represent the production schedule for the CCR. The con-
straint is likened to a drum because it establishes a pace, or frequency, to
which the whole organization synchronizes itself. By using the capacity of
the most limited (constrained) resource in a dependent chain as the drum,
the whole process is safeguarded against overloading, which slows down the
flow of work. When no CCR is active, the drum is merely the list of shipments
due to customers.

The “buffer” in DBR is a protective mechanism. Goldratt recognized that
if a system’s CCR determines the best performance the system can hope to
achieve, none of the CCR’s capacity to perform should be wasted. This means
that it should be protected from having too much idle time (nothing to do).
Goldratt conceived of the idea of a buffer of work waiting in front of the
CCR, so that it would never be starved for work. However, in DBR, the buffer
is a little different than most people might conceive it. The buffer is time,

T he first questions we should probably dispense with are, what is “drum-
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rather than things. Instead of planning to keep a stack of work-in-process
(WIP) in front of the CCR waiting to be done, units of WIP are planned to
arrive for processing some period of time before the CCR is scheduled to
begin working on them.

Finally, the “rope” is, in effect, a communication device. Conceptually, it
stretches between the CCR and the initial material release point in the pro-
duction process. The rope is the mechanism that regulates the release of
materials. Materials are normally planned for release at the same pace as the
CCR operates. They are precluded from faster release to avoid swamping, or
overloading the CCR. The tangible form of the rope is usually a material
release schedule, which is adjusted or updated as real-world changes to the
pace of the CCR (the drum) occur.

The “rope” may seem to be just a technical device, but there’s an important
concept behind it. The more work-in-process (WIP) there is on the floor,
the longer lead time is. Moreover, excessive WIP can confuse production
personnel about priorities. Work centers can face huge amounts of work, yet
fail to notice that some of it is due much later, if there is a customer require-
ment for it at all. The impression is “every work center is a bottleneck.”
Foremen react by trying to be more efficient — they often merge orders to
save setups. The result is a slow and unreliable response to market require-
ments. The “rope” forces the production floor to process only what is due
shortly. This streamlines the flow, sets the right priorities, and exposes excess
capacity that has been hidden within the system.

The reason we’re calling this form of DBR traditional is that it was the
original version and has not changed materially since it was conceived. We’re
distinguishing it from a newer, simplified version you'll read about in Chapter
10, which we’ll call simplified DBR. To fully understand and appreciate the
advantages the newer version offers, we’ll first discuss traditional DBR and
its associated concepts.

What DBR Does

What is traditional DBR intended to achieve? First and foremost, it’s
designed to satisfy existing market demand — to deliver all orders on time,
as promised. Second, it’s designed to move work-in-process through produc-
tion as fast as possible. Third, it is intended to reveal the nature and extent
of capacity that might be hidden, capacity we’re not currently able to take
full advantage of. In other words, it should allow us to do more than we
think we’re able to do without disrupting current delivery performance.
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Finally — and we emphasize finally — it may facilitate the saving of some
costs. However, consider this a happy coincidence when it happens. It is not
the primary objective of DBR — generating more throughput is!

What DBR Does Not Do

In pursuing its mission, DBR does not concern itself with local efficiencies.
The reasons for this should be clear from our earlier discussions. It doesn’t
reduce so-called non-value-added time, such things as numbers of set-ups.
The exception to this rule would apply if the additional set-ups turn a non-
constraint into a constraint. It also does not consume time on a capacity-
constrained resource (CCR) doing work that is not needed right now.

For example, DBR encourages not building to stock or to future delivery
requirements while current orders due sooner wait, or smoothing the load
(building stock far in advance of peak period demands). Constraint theory
does not preclude this tactic, but it does suggest that it be done as little as
possible, and only when no other alternative exists. To the extent possible,
DBR enables the compression of manufacturing cycle time toward the objec-
tive of building to order, rather than to stock. In this way, TOC facilitates the
reduction of inventories and operating expense as a side effect (not a primary
objective) of pursuing increased throughput.

Some Basic DBR Principles

Let’s reiterate some basic lessons we’ve already discussed about constraint
theory that apply specifically to DBR. We know that only a very few resources
can be loaded to or near full capacity and still permit the flexibility needed
to manage a changing shop floor environment effectively. Protective capacity
is our safeguard against the unexpected.

Most production resources will naturally have excess capacity — and we
should usually not look at this as something wrong. We certainly shouldn’t
tamper with it unless we’re sure it won’t change the location of the constraint.

We know that Murphy lies in wait continually. Though we can anticipate
that it will happen, specific occurrences of internal variation can’t be known
in advance, and they can be significant. And in keeping with Murphy’s Law,
they usually happen at the worst possible time. Compounding internal vari-
ation is the uncertainty of the external environment — market requirements
and demand level.
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As loads on the production process increase in response to changes in
market demand, and especially because of changes in product mix, more
capacity-constrained resources may emerge. When there is more than one
such CCR, we refer to the condition as an interactive constraint situation. It
creates a huge burden on production management. Control of the system
becomes very difficult because changes to variables often confound one
another. Interactive constraints usually cause deterioration of due-date per-
formance, and overtime goes up sharply.

Guidelines for DBR Shop Floor Planning

In the best of all possible worlds, we’d prefer to be able to produce only to
order. Inventory management is simpler and less expensive, and the sales
force is usually happier. But as good as DBR is at shortening cycle times, it
may not be able to reduce them into a make-to-order range in all cases.
Though it’s not always achievable, this should always be our objective. In
cases where it’s not possible to do completely, we should minimize as much
as possible the amount of making-to-stock that we actually do.

Sometimes there is a need to produce to forecast or to stock. We need to
do this when the customer’s standard for acceptable delivery time is routinely
shorter than the shortest possible actual manufacturing lead time we can
achieve. For example, seasonal peak demands (or other spikes with some
predictable periodicity) may exceed the CCR’s capability to produce to order.
In such cases, a better alternative than building to stock (finished goods) is
to assemble-to-order longer lead time intermediate components. These can
usually be assembled in advance of actual need, and are normally built by
non-constrained resources.

DBR Basic Concepts

In terms of the Five Focusing Steps, establishing the drum really constitutes
exploitation planning: How are we going to make the best use of the con-
strained resource we identified? We do this by deciding what to produce, and
how the CCR is going to handle the load. Normally, the “how” is expressed
in the form of a Master Production Schedule. Establishing the buffer means
protecting the exploitation plan from starvation and ensuring the integrity
of the scheduled work sequence.
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As mentioned earlier, in TOC in general, and in DBR in particular, the
buffer is not things — it’s time. Instead of piling a lot of stuff (units of work-
in-process) in front of the CCR, under DBR we assure that the next unit
needed arrives at the CCR a set period of time before it’s actually going to
be worked on. Establishing (or tieing) the rope means determining a schedule
for material release into the production process that does not exceed the rate
at which the CCR is currently processing work. The rope protects the CCR
from overload. Consequently, no advance release of material is allowed.
Figure 7.1 depicts these principles.

“Buffer”
(not to time scale)

Material

Release . E -).
Shipping
_____________ - Dock

Figure 7.1 Basic DBR Concept

The drum — the CCR’s capacity to produce, as reflected in the master
production schedule (MPS) — establishes the pace of the system. The rope
is the signaling device that tells the inventory controller when to release
material into the system. Ideally, the material release schedule should be
created for the same time period as the master production schedule, and it
should be updated or corrected at the same time the MPS is created/updated,
or when a reduction in the CCR’s capacity occurs (for unscheduled mainte-
nance, or other Murphy factor).

The rope ensures that material enters the system at a rate that is synchro-
nized with the capacity of the CCR. Consequently, the load on non-con-
straints is regulated so as not to overload the CCR. Additional load is held
outside the production floor until the appropriate time for it to be processed.

And the buffer is insurance. It protects the most critical resource — the
one upon which the throughput of the whole system depends — from star-
vation (loss of productive time). It also protects the planned schedule and
sequence of events from disruption caused by late-breaking additions to the
schedule.
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It is important to emphasize that DBR is a planning method, not a control
method. DBR to some degree makes room for internal variation and external
uncertainty in the manufacturing environment. But as with any other kind
of plan, it can’t anticipate and accommodate all possible problems that might
interrupt the flow of work through the process.

DBR also provides details for only parts of the system: the master pro-
duction schedule, the CCR, and material release. It does not detail the rest
of the system. The logic of DBR spells out what should be detailed and what
should not.

The Control Conflict: Detail or No Detail?

Almost every organization experiences the control conflict (see Figure 7.2).
This conflict essentially says:

R1 o P1
Maintain control Plan EVERY
of the aspect of
o production production in
system detail.
Satisfy customer (Conflict)
requirements
Maintain DON’T plan
flexibility to every aspect of
react to production in
“Murphy” detail
R2 Py P2

Figure 7.2 The Control Conflict

“In order to satisfy customer requirements (O), we must maintain con-
trol of the production system (R1). And in order to maintain control of
the production system (R1), we must plan every aspect of production in
detail (P1).”

“But in order to satisfy customer requirements (O), we must also main-
tain the flexibility to react to Murphy (R2). And in order to maintain
the flexibility to react to Murphy (R2), we must not plan every aspect of
production in detail (P2).”

This might be likened to Hamlet’s dilemma: To plan in detail, or not to
plan in detail ... that is the question. People seem to accept as almost axi-



Traditional Drum-Buffer-Rope 105

omatic that detailed planning and attention to everything contribute to better
control. This might be the case where uncertainty doesn’t play a significant
part. But where uncertainty does enter in, detailed planning can be a waste
of time and, in some cases, can do more harm than good. Military strategists
and tacticians have learned this lesson. The uncertainties of the battlefield
are even more pronounced than those in business, so military plans go into
very little detail beyond stating objectives, allocating forces (resources), iden-
tifying command relationships, and specifying initiation times. We’ll re-visit
this conflict in just a moment to come up with a solution, but first we need
to discuss some other issues that bear on the conflict.

For the following discussion, we’ll consider Figure 7.3 to represent a
typical manufacturing process. Some are obviously more complex than this,
while others are perhaps less complex.

DIRECTION OF FLOW

Y

CCR

AS SHIP

AS = Assembly
CCR = Capacity — Constrained Resource
SHIP = Shipping Department

Figure 7.3 A Typical Manufacturing Process

Buffers: Traditional DBR

The buffer part of Drum-Buffer-Rope is the one aspect of the method that
makes it unique from other production management approaches, such as
Just-in-Time. Buffers protect the system’s delivery commitments from the
negative effects of internal variation and external uncertainty. In traditional
DBR, there are three types of time buffers:

1. A shipping buffer, which protects the shipping due date;

2. A CCR buffer, which protects the capacity-constrained resource from
starvation; and

3. An assembly buffer, which protects the flow of parts from a CCR
against interruption for lack of a part coming from a non-CCR.
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The Shipping Buffer

The shipping buffer is defined as a liberal estimation of the manufacturing
lead time from the CCR to the completion of an order. If a CCR is not involved
in the chain (i.e., the process is not internally constrained), the shipping
buffer is the lead time from the release of raw materials to order completion.
Figure 7.4 is a graphic representation of a shipping buffer in several different
configurations. Notice the use of the words “liberal estimation.” As we’ll see
shortly, this liberal estimation includes more than just pure processing and
transfer time.

Although we’ll be using the top configuration as a continuing example,
the shipping buffer concept applies as well to production lines where the
assembly point is in front of the CCR, and to production lines where there
is no active CCR at all. In each case, the definition is the same, but the part
of the process encompassed by the shipping buffer may be different. Along
the side of the process where the CCR resides, the buffer encompasses all the
time it takes, after the CCR has finished with it, to arrive at the shipping
dock. When there is no CCR, the shipping buffer extends all the way back
to the material release point.

The CCR Buffer

The CCR bulffer is a liberal estimation of the manufacturing lead time from
the release of raw materials to the site of the CCR (see Figure 7.5). The con-
straint (CCR) buffer includes all the time required to move work-in-process
from the raw material release to a point where it stands immediately in front
of the CCR, waiting to be processed. As with the shipping buffer, liberal
estimation here also includes more than just processing and transfer time,
as we’ll see in a moment.

The Assembly Buffer

The assembly buffer is a liberal estimation of the manufacturing lead time from
the release of raw materials to an assembly point where CCR parts and non-
CCR parts are combined. Figure 7.6 shows what the assembly buffer looks
like. As you can see, it encompasses all the time required to move work from
the release of materials to the point where the partially processed piece is
ready to be combined with another part coming from the path in which the
CCR lies. In this case, too, more than just processing and transfer time is
included.
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Figure 7.4 Shipping Buffer

Preliminary Actions

Now it’s time to see how we go about applying DBR to a manufacturing
process. We'll assume that two basic management tasks pertaining to any
manufacturing process have already been accomplished:

1. A map of the flow of material through the manufacturing process for
each product has already been developed. This is not a physical layout
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Figure 7.6 Assembly Buffer

of the shop floor — it’s an activity flow, similar to the “All Products
Routing” information window in Plant 120 (refer to Appendix B,
Figure B.12). Figure 7.7 also shows a typical material flow map.
Reasonably accurate estimates of task duration (time-per-part) for a
single unit of product by each resource (or, when necessary, time-
per-batch) have been established. These are pure processing times for
each manufacturing step in the material flow map for each product.
For the CCR, these estimates should be as accurate as possible. Neither
set-up time nor transfer time (from one work center to another) has
been included.

Estimates of set-up times, especially for the CCR, have been estab-
lished.
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Figure 7.7 Material Flow Map by Product

Although these tasks aren’t mandatory, you may find them useful in visu-
alizing the “big picture” of the production process. Once these tasks are com-
pleted, we’re ready to start our traditional DBR plan.

Traditional DBR Planning Procedure

1. The first step* in planning a traditional DBR schedule is to start with
what we might call an optimistic master production schedule. This

* Much has been written about traditional DBR by a number of different authors (refer to
the bibliography at the end of this book for a partial list). There is likely to be some variation
between the different references in describing the procedures that follow, but the basics will
be essentially the same from one source to another.
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is a schedule that is unconstrained; it assumes you can build every-

thing that goes into it and deliver on time. Our optimistic MPS will

be based on firm orders only, required due dates, and only the
minimum forecasted orders absolutely required to satisfy on-time
delivery requirements.

Sort the entries in the optimistic MPS according to their due dates.

At the top of the list should be the next delivery.

Gather data to construct a CCR schedule. For every entry in the date-

sorted MPS:

B Determine whether the CCR is required to process each order, and
skip orders that don’t pass through the CCR.*

B Write the name(s) of the operation(s) the CCR performs beside
each entry in the MPS. Distinguish any work orders that require
more than one operation from the CCR. Exclude any work orders
that are already downstream from the CCR.

B Also write the number of units the CCR will process for each entry
in the MPS.

At this point there are two ways to proceed. We'll refer to one as the
simpler CCR scheduling algorithm, and the other as the more sophisticated
algorithm. The simple one suffices for most manual implementations. The
more sophisticated one is the backbone for any computerized production
scheduling system.

If you're using the simpler CCR scheduling algorithm:

4.

Schedule the CCR in the sequence of the operations for the sorted
MPS (in order of due dates). Start with the earliest order that still
needs the CCR. Assign the necessary time for set-up and processing
time for all units required in the order. Continue forward in time,
scheduling all the orders in the MPS.

If you're using the more sophisticated scheduling algorithm:

4a.

Start with the last entry of the sorted MPS. Assign the appropriate
time on the CCR, including set-up and processing times, so that when
the CCR finishes the last part, the shipping buffer time remains until

* Some orders may already have passsed through the CCR. Some products may not require
any of the CCR’s time. They are referred to as “free products.”
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the due date. If the required CCR start time is already taken by a
previous order, move the operation backward in time until you find
a free spot. This is essentially backward scheduling.

If an order should have been started before “zero time” (i.e., in the past),
that particular order and all subsequent orders must be pushed forward in

time.

The order with the earliest due date should be started immediately. All

subsequent orders that use CCR time should follow this one, maintaining

their

original sequence.

NOTE: When the CCR is fully loaded, the simpler algorithm yields the same

results. But when the CCR isn’t fully loaded, the more sophisticated algo-
rithm will allow some orders to be worked later, while ensuring enough

protection (a full shipping buffer) for due dates.

The remaining steps are common to the two scheduling algorithms.

5.

Validate that the first tasks the CCR must perform already have inven-
tory waiting for processing at the CCR. In the ideal situation, the
CCR will have work waiting that is equivalent to half the CCR buffer
time. When there is less than this amount of work-in-process queued
at the CCR, determine whether there is work for orders later in the
schedule that the CCR might do now. If so, rearrange the production
sequence to produce these orders earlier.

Verify the feasibility of the due dates. Look for orders that will con-
sume more than half of the shipping buffer time. These would be
orders that, if started at the CCR in the sequence and at the time
previously determined, would leave the CCR having used more than
half of the planned shipping buffer. This situation is too close for
comfort and threatens on-time delivery.

When some orders are found to be in danger of missing their delivery
due dates, take action to prevent a missed delivery. One way to do
this is to try to save set-up time by merging some orders. Another is
to plan overtime or subcontracting as required. The objective is to
enable completion of orders that were pushed too late in the CCR
schedule. If overtime, extra shifts, subcontracting or saving set-ups
are not feasible, return to the MPS and delay the problematic orders.
Once the MPS has been scrubbed and is deemed doable, schedule the
release of materials that pass through the CCR. Material release time
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should be backed up before the planned start time at the CCR by the
value of the CCR bulffer time.

9. Schedule the release of materials that do not pass through the CCR.
First determine the material release time for the assembly buffer.
These are the materials that will be assembled with CCR-processed
parts but do not, themselves, use the CCR. The safest course of action
is to schedule the release for the assembly buffer based on the due
date of the order minus the sum of the shipping buffer time and the
assembly buffer time.

10. Materials for products that do not use the CCR at all are released at
a time equivalent to the shipping due date minus the shipping buffer.

Traditional DBR: The Big Picture

Figure 7.8 depicts what we’ve just covered. The shipping schedule is protected
by the shipping buffer. That schedule minus the shipping buffer indicates the
time that a particular order should come out of the CCR.

The MPS is the drum. It determines what the CCR works on and when
it should work on it. The CCR buffer protects the integrity of the MPS.

The material release schedule is the rope. It determines when materials
should be released to the production floor. The MPS date/time for each order
minus the CCR buffer determines the material release time for each entry
on the material release schedule.

What to Do with Non-Constraints in a DBR Environment

We've already seen that there is a great temptation to try to plan everything
everywhere in the system in great detail. This is a difficult temptation to
overcome, and TOC/DBR in some ways makes this even more difficult,
because it presents us with a situation in which there are a lot of system
components that don’t need to be (and probably shouldn’t be) scheduled.
The question always arises, “What do we do about non-constraints in a DBR
operation?”

The answer is that in DBR, no schedule is produced for non-constraints.
Our basic assumption is that buffers, coupled with excess capacity at non-
constraints, provide enough flexibility for non-constraints to react in the best
way to provide whatever support is needed. A good example might be a fire
department. They perform an indispensable function, but nobody schedules
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Figure 7.8 Traditional DBR: The Big Picture

them to put out fires at specific times — when a fire needs to be put out,
they put it out. And they can do this because they usually have a lot of excess
capacity (idle time).

Under DBR, in the absence of a schedule for non-constraint resources,
these work centers are expected to conform to a standard policy: When work
arrives, do it as expeditiously as possible, and move it onto the next step in
the process. This is often referred to as the “roadrunner” approach, after the
cartoon character who had only two speeds, full speed and full stop.

The important thing to keep in mind is that efficient use of the non-
constraints is not what you’re in business for. Since the needs of the external
customer depend on the efficiency and effectiveness of the constraint (CCR),
the objective of the non-constraints must always be fast satisfaction of the
needs of the CCR.*

* This is a behavioral issue (rooted in organizational culture) of the highest importance. At
some point, measurements and appraisals will have to be aligned with this objective.
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An Example of Traditional DBR Scheduling

Let’s consider an example of traditional DBR scheduling. In our example,
four different products (A, B, C, and D) are produced and sold. Ten work
centers are used to produce these products. The detailed product routing is
shown in Figure 7.9.

WC-1 WC-2 wC4 WC-5 WC-7
04 08 12 0 07

WC-AS WC-PK Product
103 108

3

“60

WCA1 WC-3 WC4 WC-5 WC-8
:04 14 106 10 10
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WC-1 WC-4 WC-7
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wC-1 WC-3 WC-6 wcC-8 »| WC-PK Product
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POPOLO

RM = Raw Material AS = Assembly WC = Work Center PK = Packaging

Figure 7.9 Traditional DBR Scheduling: An Example

The CCR is work center number 5 (WC-5). Notice, however, that WC-5
is not used in the manufacture of product D. Only four different raw materials
are used to manufacture all four products. This is a true make-to-order
environment and the lead time promised to the customer is 3 weeks. Con-
sequently, the schedule horizon is 3 weeks.

Let’s assume the date is 12/31/99. The last year of the old millennium
starts tomorrow. Fortunately, we didn’t have to shut down our plant between
Christmas and New Year. We have shipments due in the first 3 weeks of
January, as shown in Table 7.1. This table represents the Master Production
Schedule, unless we find that we’re unable to complete it.

The next step is to schedule the CCR by forward loading it according to the
due dates (using the simple method, described earlier, in scheduling the CCR).
We can skip the first three work-orders as they no longer need WC-5. Work
orders 4 and 5 are already at WC-5, so our nominal CCR can start working
immediately. The materials for the rest of the orders are yet to be released.
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Table 7.1 Master Production Schedule

Work Order  Due Date  Product — Quantity Status
1 1/03/2000 A 90 Completed
2 1/05/2000 C 72 Completed
3 1/06/2000 D 24 At WC-8
4 1/07/2000 C 96 At WC-5
5 1/10/2000 B 72 At WC-5
6 1/11/2000 D 36 Not released
7 1/13/2000 A 24 Not released
8 1/14/2000 B 24 Not released
9 1/17/2000 D 30 Not released
10 1/17/2000 C 64 Not released
11 1/18/2000 C 32 Not released
12 1/20/2000 A 48 Not released
13 1/20/2000 D 30 Not released
14 1/21/2000 B 24 Not released

The CCR buffer is 5 days. The assembly buffer is assumed to be only 3
days. It exists only for the assembly of Product B, where the lower leg produces
a part that does not pass through WC-5. The other leg of Product B is a CCR
part, as WC-5 is used in the fourth operation.

Product A uses WC-5 in both its legs, so no assembly buffer is needed.
Certainly no assembly buffer is required for Product C, because it has no
assembly operation.

The shipping buffer for Products A, B, and C is assumed to be 5 days.
This buffer covers the entire product routing from WC-5 through comple-
tion. However, the shipping buffer for Product D is 8 days. The reason
Product D has a different shipping buffer is that it’s a “free” product (in
other words, it doesn’t pass through a CCR). Notice in Figure 7.9 that in
the absence of a CCR buffer, the flow of Product D has more operations
to protect from variability (Murphy).

The lead time for Products A, B, and C is equivalent to the sum of the
CCR bulffer, the processing time on the CCR, and the shipping buffer. So, in
our case it should be 10 working days plus the days the CCR needs to work
on the order, which may be 1 to 3 days. In determining the quoted lead time
for the customers, we also need to take into account the possibility that the
CCR may be scheduled to begin work on a particular order later than desired
because of the load imposed by other orders due earlier. Let’s see how this
might happen in this particular example.
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The CCR Schedule

We'll assume no set-up is required for WC-5 in this case. We’ll also assume
only 1 shift per day of 8 hours. In processing Work Order #4 (96 units of
Product A), the total processing time per piece is 20 minutes. Processing for
all 96 units takes 24 hours — 3 working days. We translate every work order
to hours of work. For the sake of simplicity, in this example we’ve established
quantities that would exactly fill whole shifts. The CCR schedule appears in
Table 7.2.

Table 7.2 CCR Schedule

Working
Days 1/3 1/4 1/5 1/6 1/7 1/10 1/11 1/12 1/13 1/14 1/17 1/18 1/19 1/20 121

WC-5
work
order# 4 4 4 5 5 5 7 8 10 10 11 12 12 14

We can see immediately that we have a problem. If the CCR processing
time for Work Order #14 is 1 day, and the CCR doesn’t begin work on it
until 1/20, there’s no way it can be ready to ship on 1/21. Even though the
MPS horizon covers a window of 3 weeks, we expect the CCR to finish all
orders ahead of the shipping date by an amount of time equal to the shipping
buffer. Since we allow half of the shipping buffer as a minimum time to
protect the original due date, the CCR should complete all of its work orders
no less than 2.5 days before the end of the horizon. One option might be to
advise the customer of a delivery delay of just 1 day, then take steps to expedite
the order.

Table 7.3 shows an original due date for all work orders, the expected
date of completion (conclusion of WC-5 processing, plus 5 days shipping
buffer), and the earliest possible completion date (conclusion of WC-5 pro-
cessing plus 2.5 days). Product D can be considered late only if the due date
is less than half the buffer and the materials have not been released. But this
is not the situation in this case, so all Product D shipments are assumed to
be on time.

It seems the situation is even worse than our initial assessment. The worst
problem is Work Order #5, which is due to ship on 1/10. The earliest date
possible, even with expediting (urgent completion) is 1/13 — 3 days later
than promised! In fact, the constraint (WC-5) won’t even finish processing
this work order until 1/10, the original due date. What can we do?
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Table 7.3 Work Order Status

Work Order # 3 4 5 6 7 8 9 0 11 12 13 14

Due Date 1/6 1/7 110 11 1413 114 117 1/18 1/20 1/20 1/21
Planned

Completion  1/6 1/12 1/17 111 1/18 1/19 1/21 1/24 1/25 1/20 1/21
Expedited

Completion 1/6 110 113 A1 114 117 117 19 1/20 1/21 1/20 1/25

One option might be to advise the customer of a one-day delivery delay.
Take a look at the work-in-process routing (Figure 7.7). Notice that after the
constraint there are two additional operations for Product B. The constraint
is scheduled to start processing Work Order #5 on 1/6. If we use a transfer
batch of one and the parts from the other leg already reside at the assembly
point, we may assume that by the end of 1/10 most of the order will be
completed, and only the last few units will still need to pass through the last
two operations. If this is the case, there’s a good chance we can ship the order
on 1/11.

We should clarify two things about the option above. We're assuming the
non-constraint parts needed for Product B are already at the assembly point,
because this is as far as they can go without the constraint’s parts. We’re also
assuming that there’s adequate excess capacity on that leg to make it possible
for them to be there. If for any reason those parts are still upstream of the
assembly point, this option isn’t feasible.

Is it realistic to expect that we can rush an order for 72 units of Product
B to completion? We can assume so only if we expedite those parts and ensure
that the remaining work centers required for Product B, the ones after the
CCR, are available. Can we guarantee this?

In general, when multiple products are involved, it’s best to be very careful
in committing to delivery dates earlier than half the shipping buffer after the
date the CCR is supposed to finish processing.

We really have only two options: we can either change the original Master
Production Schedule (and advise the customer accordingly), or we can add
capacity at the constraint. If we add three second shifts at WC-5 before
January 10, we significantly improve the chances of finishing Work Order #5
on time, and the subsequent orders as well.

One warning, though: If we add capacity to WC-5 only, can we be certain
that a different resource won’t become a temporary constraint? By adding
second shifts to WC-5 we actually elevate the constraint (increase capacity)
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for a while. Whenever we elevate a constraint we’d better determine whether
a new CCR has emerged. A computer-based scheduling system could easily
answer this question by monitoring the total load on the non-constraints for
the period of time in question. However, very accurate data on the non-
constraint are required for this, and such data aren’t always available.

If we want to preclude the emergence of a new constraint, we can add a
second shift to the next most heavily loaded work centers, and possibly other
resources as well. This can give us confidence that, within the buffer time, all
non-constraints are able to do everything required to support the best exploi-
tation of the CCR. In our example, we have a number of orders faced with an
almost totally consumed shipping buffer, and we’d like to reduce the pressure
on the non-constraints as well. So adding three second shifts to all the resources
seems like a good idea.

When the time comes to actually add second shifts on the first 3 working
days, another problem occurs. Let’s change the schedule first (see Table 7.4).
The last working day for the constraint is 1/17, which is expected because
every order is supposed to be past the constraint and into the downstream
operations in the last 5 days (the shipping buffer). But we’d also like to have
5 days for the released materials to reach the constraint. The parts for Work
Orders #7 and #8 haven’t been released yet. Even if we release those parts on
the morning of 1/3, they’ll have only 3 and 4 days, respectively, to reach the
constraint.

Table 7.4 Revised Shift Schedule

Working
Days 173 1/4 1/5 1/6 1/7 1/10 1/11 1/12 1/13 1/14 1/17 1/18 1/19 1/20 1/21

Shifts 1 1 1

added

WC-5

work

order 4 4& 5 7 8 10 10 11 12 12 14

On one hand, we can hope that half the CCR buffer might be enough.
On the other hand, if we assume the second shift will be used for all resources,
and if we remember that the original 5-day buffer assumed only 1 shift per
day, we’d better measure the buffer in shifts, rather than in days, so that we
won't create problems for ourselves with material release.

We can now create a raw-material release schedule (Table 7.5). Note that
the non-CCR materials for Product B, specifically Work Orders #8 and #14,
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are released only 3 days before the CCR start processing time, because the
assembly bulffer is only 3 days.

Table 7.5 Material Release Schedule

Release
Dates 1/3 1/4 1/5 1/6 1/10 1/12
RM-1 24 - WO#7 24 - WO#8 48 - WO#12 24 - WO#14
RM-2 24 - WO#7 32 - WO#11 48 - WO#12
RM-3 24 - WO#8 24 - WO#14
64 - WO #10
RM-4 36 - WO#6 30 - WO#9 30 - WO#13

While the MPS covers a 3-week horizon, the CCR schedule reflects only
2 weeks and 1 day. The material release schedule is even narrower, covering
only 1.5 week. These differences reflect the impact of the buffers.

This simple example demonstrates the approach of DBR to scheduling.
Notice that the schedules include only the due dates, the CCR operations,
and the release of materials. Non-constraint operations aren’t scheduled at all.

The Control Conflict Revisited

Let’s return to that conflict we considered earlier — whether to plan every-
thing in detail or not (see Figure 7.10). Based on what we’ve just seen, there
are two injections that can break this conflict. These injections will replace
P1 (plan everything in detail).

The first injection is to plan in detail only those activities that have no
flexibility or excess capacity, and those from which the system can’t tolerate
a mistake. These are the master production schedule, the CCR schedule, and
the material release schedule.

If the material release is too early, protective capacity is wasted doing
things that are not needed now. If it’s too late, it will be impossible to recover
from the unexpected (“Murphy,” demand changes, etc.).

The second injection is to not schedule any resource with significant
excess capacity or flexibility. The only guidance for such resources is

1. Work as quickly as practical (and still satisfy quality standards).
2. Work only on what is needed now — don’t let them take it upon
themselves to keep busy producing what is not needed to fill firm
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Figure 7.10 The Control Conflict Revisited

orders. The only exception to this is a conscious decision to assemble-
to-order or make-to-stock in anticipation of a known, short-term
future demand that has not yet appeared but will overload the system.

3. If more than one order is present for processing at a non-constraint,
the one with the earliest time on the CCR schedule or the earliest due
date should be started first.

Managing Non-Constraints in a DBR Environment

Remember: the second injection says, “Don’t schedule any resource with
significant flexibility/excess capacity.” This begs the question, “How much
flexibility is enough?”

Whether a non-constraint should be planned or not is a function of its
flexibility, which, in turn, depends on the amount of excess capacity it has.
At some point there is not enough excess capacity to respond to changes
(break set-ups, change work priorities, and still go back to the original job).
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How many such reactions can a non-constraint handle? One? Two? Four?
Five or more? Unfortunately, there is no rule of thumb for this. The nature
of the specific environment will point to the answer.

When a non-constraint does not have complete flexibility to subordinate,
it usually turns into a constraint. In most cases some simple actions — for
example, minimal planning to prevent significant waste of capacity, set-up
reductions, minimum batch policies or better qualified operators — can
prevent this from happening. All of these means are subject to a critical
question: Does this non-constraint really have the capability to subordinate?
Only when the answer is “no” should other measures (including minimal
planning of non-constraint activities) be considered.

In a turbulent market environment, or if equipment is frequently unre-
liable or unavailable, non-constraints need much more flexibility, and the
threshold for considering this flexibility loss will be much lower. In such a
case, you might consider flexibility to be compromised even when 30% of
the non-constraint’s time is still available. Whatever minimums you establish
for required flexibility (excess capacity), keep in mind that only inflexible
resources should be planned. Any resource with enough excess capacity (a
judgment call on your part) should be left to react in real time when all
pertinent information is available.
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Traditional Buffer
Management: The DBR
Control Mechanism

buffers somewhat in the interest of presenting the whole DBR concept.

However, the role of the buffers is critical for ultimate success in an uncer-
tain environment. Consequently, proper understanding of buffers is a must
for robust planning. But even more important, understanding buffers and
the way they behave in reality is crucial for proper control in executing plans.
We refer to the method used to control continuing operations after traditional
DBR is established as buffer management (BM). It’s the key to the success
of DBR, so we need to address some specific questions about it, particularly:

I n our discussion of traditional DBR so far, we’ve glossed over the topic of

1. How do time buffers work?
2. How do we decide what buffer duration is enough?
3. What do we do with the buffer once we’ve established it?

We’re going to answer all of these questions in this chapter.

The Buffer Concept

Time buffers are the TOC way of protecting systems and processes against
the effects of special cause variation (which is often referred to as “Murphy,”
after Murphy’s Law) and uncertainty. For our purposes, special cause
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variation is disruption to internal process activities. Examples of such dis-
ruption might be unexpected human absences, equipment breakdowns,
longer than expected set-ups, unanticipated quality problems, fires, broken
water pipes, short duration electrical power losses, etc.

We’ll consider uncertainty to be external, rather than internal. The biggest
external uncertainty we usually have to accommodate is changing market
demand, although there might be other uncertain external variables as well
(supplier reliability, material availability, etc.).

In TOC, and under DBR in particular, buffers are not composed of things
(items to be worked on) — they constitute a period of time. A buffer is only
a planning factor. We incorporate time buffers in our plans based on our
best guess of the flexibility we’ll need to respond to variation or uncertainty.

The use of the term buffer in constraint management is unique in two
respects. First, the buffer is expressed as time, rather than units of work-in-
process. Second, we refer to the buffer as a liberal estimation of the whole
production lead time (usually from the raw materials to the CCR), rather
than distinguishing between an average lead time and then adding extra safety
time to it (which might normally be considered a buffer).

The reason buffers (in the DBR vocabulary) are defined as the whole lead
time and not just the safety portion is that in most manufacturing environ-
ments there is a huge difference between the sum of the net processing times
and the total lead time. When we review the net processing time of most
products, we find it takes between several minutes and an hour per unit. But
the lead time may be several weeks, and even in the best environments several
days. Consequently, each unit of product waits for attention somewhere on
the shop floor for a much longer time than it actually takes to work on it.
The magnitude of that waiting time depends on the overall load on resources
and planning policies. So it makes sense not to isolate the net processing
time, but to treat the whole lead time as a buffer — the time the shop floor
needs to handle all the orders it must process.

But buffers alone are not enough. It’s not unusual for a situation to exceed
the buffer’s capability to absorb variation/uncertainty. So even with a buffer
in place, we must be ready to identify situations when the buffer will be
unequal to the task and respond with effective corrective action before the
situation gets out of hand. An effective buffer can significantly reduce the
number of such exceptional responses we need to make, giving us a more
stable system in the long run. But all the fire prevention in the world doesn’t
obviate the need for firemen once in a while.
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Buffer Management

The immediate purpose of the buffer is to absorb minor deviations to our
plan. The ultimate objective of buffer management is to reveal and warn us
of major threats to our plan — deviations so large that even the buffer can’t
handle them — in time for us to act to avoid disaster.

The state or condition of the buffer at any given time indicates the degree
of threat to successful on-time delivery. In a DBR-based system, a late delivery
implies that somehow all the protection that we built into the system has
been exhausted. In other words, the buffer has been overrun. So in order to
understand the true nature of the uncertainty we face and the degree of threat
to on-time delivery, we should analyze the state of the buffers.

DBR Buffers: Three Zones

We’ve defined a DBR buffer as a fairly long (liberal) estimation of the actual
lead time between two points in the internal supply chain. We’re going to
divide that time into three approximately equal parts. The buffer is analogous
to a shock absorber, and the three zones to different degrees of compression
(Figure 8.1).

g CONSTRAINT
Arvival BUFFER
June 29
ZONE 3
July 2
July 6
Due to start
ZONE 2 at the CCR:
July 16
July 9
5 TO DELIVERY
uly 12
CAPACITY-
CONSTRAINED
RESOURCE

v July 15

>

Figure 8.1 DBR Buffers: Three Zones
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Normal road vibration consumes a relatively small part of the shock
absorber’s compression capability. This is equivalent to Zone 3.

Moderately sized bumps or potholes — which don’t occur as frequently
as normal road vibration — compress the shock absorber somewhat more,
but not completely. This would be comparable to Zone 2.

Occasionally we hit bumps or potholes that are so big, they bottom out
the shock absorber. They might even bend the rim of the wheel. Such bumps
in a manufacturing environment would consume all of Zone 1’s compression
capability.

In a manufacturing situation, Zone 3 is the top end of the buffer. It’s
much longer than the net processing time of one unit but it is short enough
that many orders consume most of it. Quite often it takes even longer than
that, penetrating Zone 2. Zone 3 might be considered equivalent to normal
road vibration. Zone 2 is the middle of the buffer. Variability or uncertainty
occasionally consumes part or all of this segment — this might be equated
to a moderately sized pothole. Zone 1 is the bottom of the buffer. This is the
“tooth-jarring” bump that fully compresses the shock absorber. We don’t
ever want to see this part fully consumed. Any penetration of this zone
constitutes a danger flag.

Holes in a Buffer

When an order is not present at the protected site (CCR, assembly point, or
shipping point) at the time it’s required to be there, we refer to this condition
as a “hole” in the buffer. There can be holes in any of the three zones (see
Figure 8.2).

A hole in Zone 3 means that the order should be in the production process
somewhere, but we don’t worry about it. We don’t even look for it. Material
release should have taken place at the beginning of Zone 3, and we might
check to be sure that it really did. It always requires some time for an order
to move from material release to a protected area (CCR, assembly). A hole
in Zone 2 results from normal process variation and is cause for attention,
but not action. A hole in Zone 1, on the other hand, indicates a serious
problem with the order.

Only holes in Zone 1 trigger corrective action, usually expediting, because
only a very short time remains to bring the order in on time. Zone 1 orders
can be considered almost late. If a complete buffer (all 3 zones) is 15 days,
we are fairly certain that this is enough for normal delivery, and most orders
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Orders that should be ZO N E 3

somewhere on the production
floor (NOTE: We don’t really
expect all of them to finish
within Zone 3 time)

ZONE 2

Orders that should be, on
average, already at the buffered
control point, but are NOT

Orders that are due very shortly
at the buffered control point but

are NOT there
(i.e., we have very limited time
to bring them in)

Figure 8.2 Holes in a Buffer

are ready in less than 10 of those days. Any orders that exceed those 10 days
should be expedited.

Holes in a Buffer: An Example

Here’s a simple example. Let’s assume we’ve established three buffer zones,
as depicted in Figure 8.3. Each zone is 5 days long. Let’s assume today is
January 3. The time is 8:00 a.m. We have four jobs pending on the production
floor:

B Work Order 47 is scheduled to be shipped on the morning of
January 4.

B Work Order 48 is scheduled to be shipped on the morning of
January 11.

B Work Orders 49 and 50 are scheduled to be shipped on the morning
of January 18.
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Assume today is January 3 (8:00a.m)

These work orders are not present on the shipping
dock, and they are expected to SHIP on...

Jan Jan Jan
18 11 4
ZO N E 3 These orders are in
wo Zone 3 on January 3.
49, Material for them
50 should be released
today.
- ZONE 2 This order is in
SR Zone 2 on January 3.
wo RNt : SR It has been there for
48 R : : : 3 days. Before that,
: : FER . it was in Zone 3.

This order is in

Zone 1 on January 3,
because it’s due to ship
tomorrow. It was in
Zone 2 on December 28,
and in Zone 3 on
December 23.

SHIPPING BUFFER

NOTE: For simplicity, we're assuming a 7-day work week, 5 days in each zone
of the buffer, and shipping on the morning of the day indicated.

Figure 8.3 Holes in the Shipping Buffer

The first thing we do is to take attendance at the shipping dock — we
physically check to see what work orders have been completed and are waiting
for shipment. We do this daily. Since today is January 3, if we don’t find Work
Order 47 there, we have a hole in Zone 1, because it’s due to be shipped
tomorrow! This is a serious problem, because this order is now almost late.
We have to locate that work-in-process (if we don’t already know where it
is) and we have to expedite it, or it will very likely be delivered late. In reality,
we shouldn’t be surprised by this situation, because Work Order 47 has been
in Zone 1 for the past 4 days, and we would have taken action to expedite it
earlier — probably on December 29.
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We should also expect to find Work Order 48 there as well, even though
it’s not due to be shipped until January 11. If it’s not there, we have a hole
in Zone 2. This is not a serious problem — yet — but it bears watching. We
might try to locate the work on the production floor (i.e., Where is it now?)
and determine how close it is to arriving at the shipping dock. Is it likely to
be there before January 7, at which time it enters Zone 1? If so, we need not
take any action. It will arrive at the shipping dock in time for its scheduled
shipping date. All we need do is monitor it, to make certain it doesn’t suffer
any further delays. If it won’t arrive on the shipping dock before January 7,
we have to take some action to speed up work on it.

We should not expect to find Work Orders 49 and 50 there. They are still
likely to be in the production process — probably between the shipping dock
and the preceding buffer-protected point (CCR, assembly, or even the mate-
rial release point). However, if they don’t appear at the shipping dock on
January 8 (the Zone 2 date for those work orders), we’ll start looking for
them, too, just as we did for Work Order 48.

Here’s another way to look at it (see Figure 8.4). Let’s consider Work
Order 49 alone. If it’s not present at the shipping dock by January 7, don’t
worry about it! We don’t expect it to be there. It’s still somewhere in the
manufacturing process. However, if it’s not on the shipping dock by January
8, we've got a hole in Zone 2, and we should start looking for it, but take no
action, unless we can see that it will surely become a hole in Zone 1. And if
for any reason it does not show up at the shipping dock by January 13, we’d
better do something fast! This order is now a hole in Zone 3 and in imminent
danger of being delivered late.

How a Hole in the Buffer Appears in the Master
Production Schedule

Abstract pictures are nice to look at, but let’s translate what we’ve just seen
to the real world. Figure 8.5 shows an example of a simple master production
schedule. As before, we’ll assume that today is January 3, and that each zone
of our shipping buffer is 5 days. To identify the holes in a buffer, we would
go out onto the shipping dock and look at the finished goods sitting in front
of it.

If we don’t find Work Order 47, in its entirety, sitting at the shipping
dock, it’s possible that it has already been shipped. This is usually easy to
find out. However, if Order 47 was neither shipped nor waiting to be shipped,
we must waste no more time! It should be shipped tomorrow — this is a hole
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Here’s Work Order 49, scheduled to be
shipped on January 18...
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Figure 8.4 Work Order #49

in Zone 1. We need to locate and expedite it right now. In fact, we should
already have noticed its absence on December 24, as a hole in Zone 2, and
on December 29, as a hole in Zone 1. We would also have had to mentally
prepare ourselves for the possibility that it might not be on the shipping dock
in time to ship on time tomorrow.

We would also expect to see Work Order 48, either partially or in its
entirety. If we did not find it there, we would backtrack through the manu-
facturing floor to find out where it is. This is a hole in Zone 2. As long as it
is reasonably close (within one or two process steps) of the shipping dock,
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Figure 8.5 Buffer Holes in a Master Production Schedule

we would not take any action. We’'d just wait for it to arrive at the shipping
dock sometime within the Zone 2 window.

We would not expect to see Work Orders 49 and 50. The materials for
these should be on the manufacturing floor. But we should not expect to see
them on the shipping dock very shortly. If we're especially paranoid, we might
check with the inventory manager to confirm that the materials were, in fact,
released to the production floor at the scheduled time. But we’d take no other
action at this point. Order 51 is either on its way to the CCR or assembly
point, or, if no CCR is active, materials will not be released for another week.
Notice that the due date for Order 51 is January 25, and the shipping buffer
is only 15 days long.

DBR Buffer Zones: A CCR Example

Let’s consider an another example (Figure 8.6). We’ll use a constraint buffer
for this. Suppose our master production schedule calls for the CCR to start
on Work Order 95 in the early morning on July 16. We’ll assume our CCR
buffer is 12 working days (there are 2 intervening weekends and a national
holiday to consider).

If release of material is scheduled for June 29, the three zones would break
down this way:*

* There is a 3-day weekend between Zones 3 and 2, and a 2-day weekend between Zones 2
and 1.
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Figure 8.6 Hole in a CCR Buffer

Zone 3: June 29 to July 2.
Zone 2: July 6 to 9.
Zone 1: July 12 to 15.

Here’s a visual picture of what the three zones in this example might look
like. (Figure 8.7) Zone 3 is the top part of the CCR buffer. Any order that
appears in this zone should have been released to the manufacturing floor
for processing. We expect this zone to be fully consumed by actual production
lead time. In our example, the boundaries of this zone are June 29 and July
2. If everything goes normally, we would expect the order to arrive at the
CCR for processing by the end of the day on July 2.

Zone 2 is the middle of the CCR buffer. An order released on June 29 for
production might use some of this buffer zone if any variability was experi-
enced during actual production activities between material release and the
CCR. If an order due to start processing by the CCR on July 16 is not in
place there by July 6, we would start looking for it. We’d find out where in
the preceding part of the process it currently resides, and do nothing but
monitor it, unless we can immediately see that it won’t arrive at the CCR by
the beginning of its Zone 1 time.
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Figure 8.7 DBR Buffer (Example)

Zone 1 is the bottom part of the CCR buffer. An order that was released
on June 29 but has not arrived at the CCR by July 12 is in danger of being
delivered late — but there may still be time to save it. An order in this zone
requires immediate action to begin expediting it.

To summarize, as long as orders have been released as scheduled, ignore
orders in Zone 3 — we don’t expect orders in this zone to be waiting at the
shipping dock, the CCR, or the assembly point. Monitor orders that haven’t
arrived at the CCR by Zone 2 time. Determine the location of the errant
order, but don’t take action if it is expected to arrive at the CCR before Zone
1 time begins. Expedite any orders that don’t arrive at the CCR by their Zone
1 time — and don’t expedite any orders that are not in Zone 1, unless you
are absolutely certain that there is no way they will arrive at the CCR before
Zone 1 expires.
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Three Benefits of Buffer Management

There are three benefits to buffer management that make it worth doing.
First, it signals management that an order is almost late, usually in time to
do something about it, but it allows us to limit expediting to only those
situations when it is truly necessary. An ancillary benefit is a significant
reduction in the stress level of production managers!

Second, it alerts management when the whole production system is start-
ing to lose stability. More than one work order in Zone 1 at a time is an
indication that the system is destabilizing. Even if only one work order at a
time enters Zone 1, if this happens many times during a short period, the
system is still likely to be destabilizing. Here’s an analogy. If school starts at
8:00 a.m., and the teacher has instructed the students to be in their seats at
7:55 a.m. (the beginning of Zone 1), the teacher won’t be too concerned if
one student (work order) comes in at 7:57. But if two more come in at 7:58
and another at 7:59, the teacher will start to become concerned about class
discipline (system stability), even if none of the students actually arrives after
8:00 (a late shipment). So multiple Zone-1 penetrations in a short period of
time can prompt managers to examine the load on the whole system and
decide what actions to take to restabilize the production system.

Finally, buffer management can help managers identify an emerging con-
straint — one that is different from the known CCR. If DBR is applied
effectively, the known CCR should never be overloaded. If we observe many
work orders penetrating Zone 1, it might indicate that some other resource
— a non-constraint — may be losing its protective capacity.

How to Realize the Benefits of Buffer Management

Here’s how to realize the benefits buffer management can provide.

1. Look for Zone 1 holes in buffers. Monitoring deliveries due for that
period quickly points out incomplete orders that are in danger of
being late. Expedite to preclude such orders from becoming late.

2. Analyze the data on any order that enters any Zone 1 (CCR, assembly,
or shipping buffers). Increased pressure on the system is indicated by
a large, or increasing, number of holes in Zone 1. Besides the action
needed to deliver the specific order on time, take action to relieve the
stress on the overall system. In most cases, this means adjusting either
capacity or demand as required.
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3. Whenever a Zone-1 order is expedited, identify and note for the
record the resource that holds the last of the order’s units. After several
Zone-1 penetrations, a Pareto chart can indicate the most likely
resource to become the next system constraint. For example, a low
yield from a resource with relatively large excess capacity might point
to a target for continuous improvement efforts. Keep in mind that
buffer management operates in the real world, not in a database.
Consequently, it can help identify real time constraints and non-
constraints that would not show in the database because of data
inaccuracy (or a long data update cycle).

Remember, one hole per month in Zone 1 is not serious, unless that hole
represents an exceptionally large order or constitutes a large percentage of
the output in a month. But several holes may indicate that the system is
losing stability. Flexibility (protective capacity) has been lost, or a new con-
straint may be emerging — or both.

Identifying an Emerging Constraint: An Example

Let’s say a change in product mix has caused the CCR to shift from machine
10 to machine 23. The load on machine 23 is still growing, but the company’s
information system does not indicate this change, because either the data in
the system are erroneous or the next periodic data system update isn’t due
for another week or so. How can we tell that the constraint is shifting?

Before the constraint began to shift, the production manager noticed that
no more than three orders per week ever entered Zone 1. Now the number
is approaching 15 per week, and still growing. In expediting these orders, the
production manager notices that three quarters of the Zone-1 penetrations
result from orders that seem to be stuck at machine 23.

Based on that information, a production manager knowledgeable in con-
straint theory would conclude that a new constraint is emerging at machine
23. This means that new exploitation and subordination procedures must be
devised and implemented to ensure that the production system continues to
realize maximum throughput.






Drum-Buffer-Rope (DBR)
and Manufacturing
Resource Planning (MRP)

and procedures rather than automated tools. DBR can be applied manually

in the real world, and it often is in fairly small, uncomplicated operations,
like Plant 120. But once the size and level of complexity increases, manual
DBR becomes almost impossible — there aren’t enough hands to juggle all
the balls.

Most companies with manufacturing processes of any size or complexity
use some form of computerized Material Requirement Planning (MRP)
package. Most current MRP systems are more accurately classified as “MRP-
I1,” the acronym standing for Manufacturing Resource Planning. MRP/MRP-
II systems help schedule both material requirements and production opera-
tions. One of the big problems with MRP applications is that they’re what’s
referred to as “infinite capacity” systems — the schedules they produce don’t
consider any capacity constraints. This “infinite capacity” limitation is prob-
ably the best-known and most widely discussed disadvantage of the MRP
algorithm. However, we’ll see later that it’s not the only one. Consequently,
MRP creates some problems that we’ll discuss in more detail below — prob-
lems that DBR repairs.

We now know that DBR amounts to finite capacity planning, but we also
know that there is probably a considerable investment in MRP software in
most companies. Moreover, the development of MRP from an algorithm to

I t should be pretty obvious by now that we’ve been talking about policies
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calculate net material requirements into a comprehensive manufacturing
database makes it difficult to replace. Most Enterprise Resource Planning
(ERP) systems are developed around the old MRP concepts. The few DBR
computerized systems available work within larger MRP systems, while pro-
viding all the necessary DBR scheduling and control.

But if an organization complex enough to require computer scheduling
support wants to move to DBR planning and scheduling, does that mean
that it would have to scrap its MRP system and install DBR software? The
short answer is “no.” The investment in MRP software is not lost. Moreover,
not having dedicated DBR software shouldn’t preclude any shop floor from
implementing DBR. There are ways to “force” the standard MRP system to
cooperate with the major Drum-Buffer-Rope requirements, but this does
require some manipulation to make the MRP software function as a DBR
scheduling package.

As it stands today, MRP is really the only standard method for managing
material requirements information. And despite its shortcomings, MRP is
also the standard for manufacturing information in general. Because most
companies recognize that it’s risky to use information systems that are not
fairly standardized and well documented, MRP is the information system of
choice among manufacturing organizations.

MRP Advantages

Though it does have shortcomings, MRP also has some definite advantages.
For most manufacturing environments, MRP’s material requirements sup-
port is adequate. MRP also integrates information from sales, production,
and purchasing, and it accommodates the need to time-phase activities.

Moreover, MRP does not create a false impression of precision. Work is
scheduled in time buckets. But MRP provides no detailed sequencing infor-
mation. It may overload specific time buckets, and only a subsequent check
of capacity resource planning will reveal this overload.

Production gains more than it loses from this characteristic of MRP. While
the software refrains from overly sophisticated planning, it is also obvious
(by exception) which elements are missing. This alerts knowledgeable sched-
ulers to check the omitted factors and exercise human judgment to make
realistic choices.

But perhaps the most important advantage MRP offers is that it is flexible
enough to provide the kind of information required to support DBR — needs
that were not envisioned at the time MRP was conceived.
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MRP Disadvantages

However, if a company’s manufacturing objective is to minimize actual pro-
duction lead times while maintaining a high degree of delivery reliability,
MRP has some major drawbacks, too.

First, MRP software is normally batch processed. It doesn’t run in real
time. MRP runs are not updated with each new order. Rather, they may
incorporate many new orders that accumulate over some period of time
(days, a week, etc.). Second, MRP does not deal with uncertainty very well.
It protects delivery dates by adding more time everywhere in the process.
This stretches production lead times out considerably longer than they need
to be, and it clogs the system with work that is not immediately needed.

Another problem MRP poses is what might be called “sensory overload.”
It creates work orders for every level in the bill of materials. This proliferation
of work orders results in less visibility for the process as a whole. This
tendency to create separate work orders for each level in the bill of materials
(BOM) stems from the desire to merge work orders for common parts.
Merging the requirements for the same parts that go to different orders and
products seems to save a lot of set-ups. But it also reduces the ability to
control priorities by reducing the visibility on what parts are needed for
specific customer orders. It also results in larger process batches, making it
difficult to split batches when necessary. And some of the concepts behind
MRP create devastating production management policies.

MRP Policies That Can Create Problems

One unfavorable policy is the requirement for intermediate due dates at each
step in the process. While this may seem to be a common-sense policy —
dictating unequivocal activity-ending times that can be closely controlled —
it has some definite negative ramifications. One such ramification is that
when operators see that it’s possible to finish a particular batch much earlier
than the scheduled completion time, they may look for other options to be
more efficient. After all, they’re rated on efficiency, aren’t they?

Suppose you're the operator of NC15, a non-constraint resource. Today
is Monday morning, and you look ahead at all the work orders that MRP
predicts will eventually pass through your work center. You notice Work
Order 102, for 100 units. You already have all these pieces at your site, but
you need 1.5 hours to set-up your machine. After that, the whole batch
requires only 30 minutes to process.
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Luckily you notice that Work Order 111, for 230 units of something else,
is also on the same list. But being the smart, experienced operator that you
are, you know that setting up your machine between those particular work
orders will require only 2 minutes because the two operations are similar
and use the same tools. So if you combine the work for those two work orders
you can be much more efficient.

However, the parts for Work Order 111 aren’t yet at your work center.
They’re due to arrive on Wednesday. Since Work Order 102 isn’t really due
until Thursday, we can safely delay its processing until Work Order 111 arrives
at your site on Wednesday, right?

Wrong! DBR suggests that maximum efficiency is not important for non-
constraints. Instead, DBR demands subordination of all non-constraints to
the constraint. In other words, when you have Work Order 102 ready for
processing at your site, process it immediately.

Intermediate due dates give a false impression that there’s no need to
hurry. Remember: The whole idea behind buffers is to accumulate them at
the right places, so that the extra time can be effectively used when variability
hits us hard. At all unbuffered locations, it’s important to push the parts
through as quickly as possible if we're to realize the advantage the buffer is
designed to provide. If every operator waited (i.e., used up slack time) to
deliver just at the required time, some work is bound to be late.

Consider what could happen if we decided to delay processing Work
Order 102 from Monday until Wednesday, expecting subsequently to pass it
on the next day. Now, because of “Murphy,” our work center goes down at
noon on Tuesday for 1.5 days. By the time we’re back in operation (Thurs-
day), many other orders will be competing for its time. If Work Order 102
is done on Monday, it can go safely to the protected area (shipping, CCR, or
assembly) without having to be expedited and without creating the artificial
impression that the buffer time is too short. This is the essence of the road-
runner approach mentioned in Chapter 7. By minimizing the amount of
time any given order spends at any one work center, we minimize its exposure
to the effects of “Murphy” at that site as well. So the road-runner principle
can be considered a risk mitigation practice as well as a contributor to reduced
manufacturing cycle times. Intermediate dates, a part of the MRP output
and philosophy, are at odds with the road-runner approach.

Another unfavorable consequence of MRP is that it doesn’t preclude the
early release of materials when the first few work centers have nothing else
to do. Such early release is really at odds with the rationale of DBR. It creates
huge amounts of work-in-process, disrupts priorities, and increases lead
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time. While the early release of materials isn’t a formal MRP policy, it isn’t
discouraged by MRP professionals.

Another unfavorable policy is that MRP assumes transfer batches are
equal to process batches, an assumption built into the MRP time-phasing
algorithm. This means that work-in-process is held (delayed) between pro-
cess steps until the preceding step has completed processing the whole order.
Queues can build up dramatically, slowing the flow of entire orders through
the manufacturing line.

Overcoming MRP’s Disadvantages

As indicated earlier, it’s not necessary to “throw the baby out with the bath
water.” MRP can be used to support a DBR operation. To do this, a produc-
tion manager must first acknowledge the disadvantages of MRP. Obviously,
this requires that the production manager know what those disadvantages
are and why they are harmful to the production system. Then the inherent
flexibility in MRP must be used to manipulate the software to support effec-
tive constraint management.

How should MRP software be manipulated? First, we need to force the
drum into the MRP. There are several steps in doing this.

1. Initially, we identify the capacity-constrained resource (CCR) and
verify processing and set-up times to the best accuracy possible. It’s
likely that we’ve already done this.

2. Then we start with an optimistic Master Production Schedule (MPS)
— what we’d like to be able to do, if we weren’t internally constrained.
Unless we already know which work orders require time at the CCR
for every entry in the MPS, we need an MRP run to obtain a list of
all the operations the CCR needs to do.

3. With this list in hand, we manually schedule the CCR operations in
the same way as described in Chapter 7.

4. Determine any required changes in the MPS. For every operation
scheduled on the CCR we must verify that the finish time at the CCR
allows enough time to complete the rest of the manufacturing process
prior to the due date that currently appears in the MPS. Slip the
shipping dates when necessary.

5. Force the CCR schedule into the MRP program, and use the updated
MPS. NOTE: If a particular MRP package doesn’t allow a schedule to
be forced on one resource (the CCR), then the simplified form of DBR
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(S-DBR), explained in Chapter 10, is the only effective option for man-
aging DBR with an MRP system.

6. Next, insert the appropriate buffers and let MRP generate the material
release. To understand how to do this, we need to examine some
internal characteristics of MRP.

MRP Lead Times and Queues

The original MRP algorithm, Material Requirements Planning, was based on
exploding the Bill-of-Material (BOM) for every entry in the MPS. Timing
for the material requirements was based on fixed lead times between any
given part of the BOM and the next level. The lead time expressed an esti-
mation of the actual time needed to move the part and process it. The notion
of lead time is similar to the concept of a time buffer. It expresses a gross
estimate of the time required to move an order through a sequence of oper-
ations. The significant difference is that lead time is inserted between every
entry in the BOM and the next level, while DBR prescribes time buffers only
for the critical areas (CCR and assembly). Consequently, DBR buffers usually
cover many parts (and several levels) of the BOM.

When Fixed Lead Times Can Be Used

MRP packages that allow execution according to fix lead times are more easily
transformed for DBR. The first thing to do is zero out most of the MRP lead
times. The only remaining lead times should be at the origin of the buffers.
Parts arriving at the CCR should carry a lead time equal to the CCR bulffer.
Usually this means that we must ensure that the CCR operation is a separate
entry in the BOM. All the BOM entries prior to the CCR operation should
have lead times of zero. The same should be done with the shipping and
assembly bulffers.

The result should be that MRP-directed material release for production
aligns exactly with the buffer sizes (time durations). This procedure will also
cause upstream operators to think that they are always past due, because the
zero lead time makes it appear that the intermediate due date has already
passed. Such an impression is not necessarily a bad thing for non-constraint
operators to have. It can reinforce the idea that any work reaching a non-
constraint should be processed as soon as possible: “When you see that your
start—finish has already gone by, get in gear as quickly as possible.”
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When Only Dynamic Lead Times Are Used

The more advanced MRP systems use dynamic lead times. This means that
the actual time allowed for an order to pass through the sequence of opera-
tions defined as an entry in the BOM is calculated, and the size of the order
has an impact.

The routing file specifying the sequence of operations and resources
needed contains four factors used to calculate the lead time. These are set-
up time, run time, move time, and queue time. Again, the notion of queue
time is similar to the time bulffer, but it has a much narrower interpretation.
Queue time is usually much larger than the sum of the other numbers. The
only number that considers the size of the order is the run time.

The way to force MRP to implement time buffers only at certain locations
is to zero all queue times and move times for all non-constraint operations
leading to a protected area (CCR, assembly, shipping point). The CCR oper-
ation itself rates a very high queue time, representing the vast majority of
the buffer. The only difference in dynamic lead times is that because of the
run time we may get somewhat different buffers for different sizes of orders.

Set-up and run times cannot be zeroed because they are a basic part of the
capacity requirements planning (CRP) capability of MRP, and we definitely
need that feature to provide an additional control on our use of capacity.

Establishing the Rope

When the CCR schedule, the buffers, and the MPS are all ready, we can run
the MRP to create the material release schedule. When the buffers are all in
place, the MRP release schedule is close enough to satisfy any DBR imple-
mentation. What we need to do now is ensure that no material release is
permitted prior to the MRP schedule.

Problems in DBR Implementation within MRP Systems

The preceding procedure for using an MRP system to implement DBR is do-
able, but it’s not very easy or straightforward. We haven’t mentioned buffer
management in a DBR/MRP system. It’s more difficult than with a dedicated
DBR scheduling system. In many cases the MRP software helps very little,
and most of the work of buffer management must be done manually.
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The basic problem in using MRP to implement DBR is that the MRP is
forced to work under a different kind of logic than it was designed to do.
Because of this dichotomy, a complete understanding of DBR thinking is
crucial. It’s very common in production operations to find that new people,
well-schooled in MRP logic, replace DBR-trained people because of attrition
or transfer. These new people are now faced with what seems like a “crooked
MRP” implementation. They tend to do it the way they learned, which means
changing MRP back to the way it was designed to operate. When this hap-
pens, DBR is essentially erased, and yesterday’s norms are back in place again.

In order to maintain effective DBR in an MRP environment, the logic
behind DBR and the derived changes to the regular MRP must be clearly
documented, and people — both those already on board and those who later
join the organization — must be thoroughly trained in DBR.

DBR-Specific Software and Dynamic Buffers

MRP software can be adequately programmed to handle the tasks DBR
requires. But there are definite advantages to computer application packages
specifically designed to support DBR operations (i.e., not MRP software).
Most of these software applications are compatible with existing MRP/ERP
packages. They replace the primary MRP data run (sometimes referred to as
“mrp”), but the MRP system is still used to maintain the database, data entry,
and some of the tools such as rough-cut capacity planning and capacity
requirement planning.

The first advantage of DBR-specific software applications is that most of
them can support finite-loading constraint schedules. Second, they can pro-
vide a feasibility check by showing (in simulated runs) whether all the non-
constraints can really do what they must to support the constraint in the
required time.

Third, they can provide the capability to selectively shorten buffer times
for better lead times. By using DBR-specific software to analyze actual results,
buffer management can be improved. The software can show, for instance,
that Zone 2 or Zone 1 were never penetrated. In such a case, the buffer is
probably too large and might be safely shortened. Alternatively, this same
kind of analysis might show Zone-1 penetrations occurring too frequently,
revealing a need to enlarge the buffer.

More buffer time might be advisable when a non-constraint can’t
cope with constraint support demands, such as periodic seasonal peaks or
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unexpected demand spikes. Larger buffers may also be required when the
variability in quality is high, or if there are many process steps.

The term “dynamic buffering” is used to describe the capability of DBR
software to identify temporary load changes on non-constraints. In effect,
this segregates internal resource variability from external demand uncer-
tainty, so that the buffers for each can be managed separately. This feature
can be extremely useful when internal variation is small enough not to require
a very large buffer, but changes in customer demand (external uncertainty)
fluctuate much more widely.

In software packages that have a dynamic buffering capability, the user
can usually reduce the normal buffer and still protect against “true Murphy,”
or internal variability. Load fluctuations due to changes in customer demand
are noted by the software. When the DBR automated scheduling system
identifies a peak demand building on a certain non-constraint, it automati-
cally enlarges the appropriate buffer. In other words, it releases material
earlier than usual to allow non-constraints enough time to do their jobs and
still allow the work-in-process to reach the protected resource on time. This
capability can take such arbitrary peak loads out of the realm of uncertainty
and make them predictable at the planning stage, so that appropriate man-
agement action can be taken earlier. In other words, the normal buffer can
be relatively short, yet be quickly expanded — automatically, by the DBR
software — when the need arises.

After a transitory load on a non-CCR is gone, the software will adjust the
buffer back to the original level. Other factors (variability in quality, number
of process steps) require human intervention to reduce their impacts and
further shrink the buffer.

Summary

Let’s review what we’ve covered in the last four chapters (Part II). Most
production managers would agree that a robust plan beats expediting any
day. The closer to full load the manufacturing process gets, the more it
destabilizes in the face of variation and uncertainty. TOC production policies
can liberate hidden capacity in the process. We obtain this extra capacity by:

B Focusing on the capacity constraint (CCR).
—Exploiting it and subordinating non-constraints so the CCR
won’t be starved for work, and
—Doing only orders that are needed now.
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Making-to-order whenever possible.

Completing work-in-process in smaller batches.

Transferring work between stations in smaller batches.
Preventing early release of materials for orders due much later.

Additional manufacturing cycle time reduction can be realized by sched-
uling daily instead of weekly. A daily schedule should add new firm orders
to the MPS, while preserving the plan for existing firm orders. And it’s better
to defer work that isn’t immediately needed. In other words, complete firm
orders before making-to-stock, even if it means breaking set-ups.

Drum-Buffer-Rope is a way to obtain the best overall system efficiency,
safeguard against variation and uncertainty, deliver on time (in the shortest
possible time), speed the flow of work-in-process, and attain greater control
over the whole manufacturing system.

The “drum” is the schedule for the Capacity-Constrained Resource
(CCR). The “rope” is the material release schedule, preventing premature
introduction of work-in-process. “Buffers” are the time allowed for work
orders to arrive on time at the shipping dock, the CCR, and assembly points,
despite “Murphy.” Time buffers protect the delivery schedule so that less
expediting is needed, and managing the buffers can help in identifying an
emerging constraint. But even the best buffers can’t provide complete pro-
tection against the unexpected. Consequently, we need some kind of control
method to warn us of an impending problem before it’s too late to do
anything about it.

Knowing what’s important and what isn’t helps control information over-
load. Constraint theory helps distinguish what’s important from what isn’t.
Due-date reliability depends on control of the system. And finally, buffer
management is the key to the success of DBR.
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system, Plant 120, and we saw that even with only a few products, work

centers, and raw materials, shortening production lead times while main-
taining a high on-time delivery record was not easy to do. We also saw the
favorable effects on our sensory load when we applied the production prin-
ciples of the theory of constraints: smaller process and transfer batches, and
working on the earliest firm orders first.

We also explored the concept of traditional drum-buffer-rope (DBR) and
the critical role that buffer management plays in its success, observing that
with or without DBR, perhaps the most critical need in any production
management environment is a means of control — a way to anticipate and
head off deviations before they seriously destabilize the system.

When you learned basic math, the teacher made you do it the hard way,
with a pencil and paper and your own brain. It was an effective way of
ensuring that you understood the concepts. However, most of us now use
electronic calculators to do math. When was the last time you (without
benefit of a calculator)...

In the preceding part of this book, we examined a basic manufacturing

B Did a square root on paper?

B Figured a total payout for a 30-year mortgage based on the future
value formula?

B Worked out a length you couldn’t physically measure using a trigo-
nometric function?

B Or just multiplied two four-digit numbers on paper?

149
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In a similar way, in Part I we devoted a good bit of effort in going over
traditional DBR, to ensure your understanding of the the basic principles
and concepts. But although traditional DBR does work, like manual mathe-
matics, it can be somewhat cumbersome. Now it’s time to learn how to use
the calculator to come up with the same answers. Simplified Drum-Buffer-
Rope (S-DBR) doesn’t quite reduce the problem to a few keystrokes, but it
is easier to install and use, and it achieves the same effects. By the time you
fully understand how to apply S-DBR, you may be asking yourself, “Why
didn’t we set-up our manufacturing to do this so easily in the first place?”

Difficulties in Applying Traditional DBR

No system is perfect — some are just better than others. While it is decid-
edly an improvement over MRP, using traditional DBR does present some
difficulties.

Spreading Buffer Time

Implementing three buffers, while protecting the intended specific points,
weakens the global protection. Time assigned to one of the three buffers is
not usable — if needed — by either of the other two. Each buffer protects
its own area, but if the buffer is not needed at an earlier point, that time can’t
be saved to protect subsequent points. For example, let’s assume that all the
steps in production between material release and the capacity-constrained
resource (CCR) function normally. A work order arrives at the CCR well
before that resource is ready to work on it — and waits. After the CCR is
finished with it, the work order moves on toward the shipping dock. Now,
although the shipping point has its own buffer, this time is, of course, limited.
If something goes wrong between the CCR and the shipping point — some-
thing that consumes all of the planned shipping buffer, or more — none of
the unused CCR buffer time, which was never used, can help us.

More Buffer Time

In this example, it should also be obvious that while the actual protected
manufacturing lead time under DBR may be less than the equivalent MRP-
computed time, three buffers can add more lead time than is actually needed
to compensate for the reduced overall protection. Moreover, three buffers
can also create conflict between different buffer needs, making the buffers,
collectively, more difficult to control. An operator may face a choice between
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two different orders that have penetrated Zone 1 in two different buffers (e.g.,
shipping buffer for one, CCR buffer for the other). Which has priority? If
the same buffer was penetrated, the choice would be clear: Priority goes to
the order with the deepest buffer penetration. But with different buffers, the
answer is not clear.

Schedule Stability

Shifting customer priorities makes it difficult to maintain a stable schedule
at the CCR. Suppose we have a schedule for the next 3 weeks, based on firm
orders only. Now a new customer comes to us, promising significant addi-
tional work, but we would have to ship this new order in the next 2 weeks.
Obviously, the only way to do this is to insert the new order into the existing
master production schedule somewhere. We’d also have to change the CCR
schedule.

It may only be necessary to insert the new order into the schedule and
slip processing of all the orders that follow by the duration of the inserted
order. We’d need to validate that those later orders would still make their
promised delivery dates. If not, we might look for a way to conserve time by
saving set-ups at the CCR, but then we’d have to shuffle the entire CCR
schedule.

Consider another situation: A customer cancels an order, or delays it for
a month. Not an uncommon event, but it does present us with a dilemma.
Should we leave the CCR schedule alone, even though we lose the opportu-
nity to generate throughput in the short term? Or should we reschedule the
CCR, producing some orders earlier (as long as we’re confident that the
materials can be there in time) to preserve throughput in the near future? In
really complex operations, it can be especially difficult to schedule (or
reschedule) the CCR and derive a material release schedule without software
support.

Superfluous Buffer

In traditional DBR the rationale for having an assembly buffer is that once
a CCR has worked on some parts (time of the most scarce resource invested),
we should ensure flow to the market of these precious parts as fast as possible.
They should not wait unnecessarily at a subsequent assembly point for parts
that did not use the most critical resource. But parts that pass through the
CCR have no special value in themselves — their importance derives only
from the irreplaceable time the CCR expends on them. Their real value
accrues when a customer is ready to accept — and pay for — the finished
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product. So assembly of parts from the CCR with parts that don’t use the
CCR should be accomplished in time to ship them to the customer at the
required time. This may be much later than the time the parts were scheduled
at the CCR. Since the CCR’s capacity must be exploited, some work may
have been scheduled at the CCR much earlier than its due date. Is there really
a need to force the assembly work center, which is not a CCR, to work on
these parts too early?

If the whole idea of bulffers is to accumulate maximum protection at the
weakest points, a case can be made for having a shipping buffer and a CCR
buffer, but not an assembly buffer. Materials that pass through the CCR are
released based on the constraint schedule. Materials that go into free products
(i.e., products that don’t use the CCR at all) are scheduled for release based
on a shipping buffer. All the assembly buffer really does is add time to the
release of non-CCR materials. In fact, the assembly buffer is really no more
than an extension of the shipping buffer that provides earlier release of non-
CCR materials and earlier arrival at the assembly point.

We might really need this extension, as the original length of the shipping
buffer is designed to cover the activities only from the CCR to the shipping
point. Because a longer buffer may be required to deal with non-constraint
parts, traditional DBR adds that buffer at the operation assembling the con-
straint parts with the non-constraint parts. Viewed this way, the assembly
buffer is not really independent — it’s only a part of the shipping buffer.

A common misunderstanding in traditional DBR is to assume the exist-
ence of an assembly buffer at any assembly. But assembly buffers are estab-
lished only when assembly points fall after a CCR and combine CCR parts
with non-CCR parts. Work centers that assemble only non-CCR parts or
only CCR parts don’t need any buffer at all.

Uniform Buffer Sizes

Production organizations that apply DBR tend to make the buffers for all
products the same size. While traditional DBR does not encourage using
different buffer lengths, it does not prohibit it. In certain situations — prob-
ably in most environments — different products may have very different lead
times and be subjected to different levels of uncertainty. Product A may
consists of only two operations, while Product Z may need 200 different
operations. Does it make sense to give both the same buffer length?

An appropriate buffer length for Product Z may be 2 weeks, but a buffer
of 2 days may suffice for Product A. Should we really use a 2-week buffer for
both? Does Product A really need that much protection? There’s no reason
why products having a significant variance in lead time can’t have different
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buffer sizes for each. If the differences in lead times are minor, however (e.g.,
9 days for one, 10 days for the other), there is not much point in having
buffers of varying sizes, but if one product has a 3-day lead time, while
another’s is 12 days, a different size buffer for each may make sense.

Work Orders

Work orders articulate a requirement for specific outputs, which may be
finished products or intermediate parts. Under MRP, every part appearing
in the bill of materials merits a work order specifying the quantity to be
produced and the operations to be performed on them. In traditional DBR
the use of work orders is discouraged to some degree. Material is released in
accordance with the master production schedule, which is based mainly on
customer orders. Material is allowed to flow freely through the process, but
specific units of work-in-process are not assigned to specific work orders. As
long as materials have one clear sequence of operations, this works well. It
has the advantage of flexibility in reassigning work-in-process from one order
to another after production has started. However, this creates a problem for
common parts (i.e., parts that support more than one assembly or product):
Where do they go? In a non-work-order environment, it’s necessary to specify
where parts with more than one alternative destination go.

In traditional DBR, the material is allowed to flow freely to a common
part (divergence) point. Prior to that point, the flow is deterministic, meaning
the people on the shop floor know exactly what to do, given the materials.
At the common part locations, the operators are given clear instructions what
to do, how much to do, and a specific time to do it.

However, the use of time here is different than in CCR schedule instruc-
tions. The time in a CCR schedule is the actual time work should be started.
The time for common part (divergence) operations is the earliest time work
should start on an order (“not earlier than...”). For example, at a CCR, a
work order to process 100 units of part X234 on Wednesday, April 5, at
2:00 p.m. means that the CCR is expected to start work on the order at that
time. But if the CCR completes the preceding work order at 12:30 p.m., and
if X234 parts are available, the CCR may start on that order early. However,
if a non-CCR resource is required to work on the X234 order (a common
part), that same work order requires the non-CCR resource not to start
processing X234 parts before Wednesday at 2:00 p.m. Processing should not
start earlier, because the output of common part (divergence) operations
may be needed for other products at different times. But the changes in
procedure among different resources can create confusion.
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Stealing

This is related to the preceding discussion on work orders. When common
parts are processed for something other than what is needed now, we call it
“stealing.” This is quite a common phenomenon in “V” plants. The tradi-
tional DBR-I solution is to assign every divergence operation (where an input
may be used in more than one subsequent process step) a definite “don’t do
before” schedule. However, this is only a partial solution. Let’s consider a
graphic example of this problem that shows when this solution doesn’t work
(Figure 10.1).

Start 100 NOT

EARLIER THAN
100 due on 31

2/15
100 “C" are here >
on 2/19... Mach Machi Machi PRODUCT
but Machine 24 #24 #25 #26 wpr
is BUSY...
Machi Machi
#37 #38
...50 Machine #39's
operator takes 80 Machi Machi Machi PRODUCT
of the 100 “C" #39 #40 ugn
to start on #ad =

Product "B"! Start 80 NOT
EARLIER THAN
2/21

80 due on 3/5

Figure 10.1 Stealing (An Example)

Suppose that both Products A and B need common part C. We need 100
of Product A on March 1, and 80 units of Product B on March 5. The “not
earlier” time given to Machine 24 for the use of the common part for Product
A is February 15. The “not earlier” time given to Machine 39 for the use of
the common part for Product B is February 21.

Let’s say that the common parts for Product A actually arrive on February
19. But the resource that needs them — Machine 24 (after the divergence
point) — is busy, so those parts sit idle (waiting). Without the “not earlier
than” requirement, Machine 39 would immediately start processing 80 parts.

However, 2 days later, on February 21, Machine 24 is still busy with the
previous job. Machine 39 — the resource assigned to work on Product B —
is ready for common part C, but because of some delay, the common parts
for Product B will not arrive until February 28. Machine 39’s operator isn’t
aware (or doesn’t care) that his parts haven’t arrived yet. According to the
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schedule, Machine 39 is allowed to start working on the C parts. So Machine
39’s operator takes 80 of the 100 common C parts intended for product A
and processes them for Product B.

When Machine 24 is free to start working on Product A, it finds only 20
units of the common C parts. The rest will arrive later, on February 28. But
the shipment of Product A is due the day after the parts originally pro-
grammed for Product B are slated to arrive — March 1! So it should be clear
that traditional DBR only partially solves stealing problems.

Operator Confusion

Another problem at divergence points is confusion (see Figure 10.2). Suppose
the resource working on Product A is Machine 24, a non-constraint. Let’s
assume that Machine 24 is needed in 10 different operations, 5 of which work
on the common C part. The other five operations don’t use common parts
at all. Consequently, Machine 24 receives definite “don’t-do-before” schedules
for five of its operations, but nothing regarding the other five. Traditional
DBR practices direct operations not having a schedule to work when it’s
available. Operations with a schedule should be performed when there is
work having a schedule instruction with an earlier or equal date to the current
one. But if both kinds of parts arrive at or near the same time, which should
Machine 24’s operator work on first? This can become quite confusing to the
operator.

Need for Data Automation

Obviously, the more places in the manufacturing process where schedules are
needed or used, the greater the dependency on a computerized system. For
example, calculating, gathering, and printing common-part schedules need the
support of a computerized system. Obtaining these schedules is not easy with
a standard MRP system that produces a timetable for every operation.

S-DBR: Simplified, Effective

What follows is a way to realize all of the benefits of traditional DBR and
solve some of its problems at the same time, without creating new ones. We’ll
refer to this less complicated version as simplified DBR (S-DBR).

S-DBR is suitable for application in most manufacturing environments.
It can even apply in situations so simple that traditional DBR would seem
to complicate things. There are, however, circumstances in which traditional
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Figure 10.2 Operator Confusion

DBR might be preferable to S-DBR, and these cases will be discussed in more
detail later. But in general, S-DBR is likely to apply to a wider variety of
production configurations more easily than traditional DBR.

S-DBR embodies all of the justification — the logic and basic assumptions
— of the original. And perhaps most important of all (to many organiza-
tions), S-DBR can be supported by existing MRP software — investment in
unique, dedicated software is not required.

S-DBR operates the same way traditional DBR does in the absence of a
CCR. There is only one buffer — the shipping buffer — and no detailed
schedule for any work center. The chief distinction between traditional DBR
and S-DBR is that S-DBR operates the same way as when there is an active
CCR. S-DBR also adds a new control indicator — planned load — to ensure
smooth performance during operation.

S-DBR: Basic Assumptions

As with traditional DBR, there are some basic assumptions upon which S-
DBR is founded. The first, and most important, is that market demand is
always a system constraint. At times, an internal resource or other part of
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the system (material availability, etc.) may become interactive with market
demand, but the majority of internal constraints are inevitably temporary in
nature, and not active constraints all the time. Capacity-constrained
resources usually truly limit company performance only at times of peak
demand, but not at off-peak times. Fluctuations in market demand make it
difficult to fully load any particular resource all the time. The market demand
constraint, on the other hand, is always present. The challenge most compa-
nies face is to drive (increase) market demand to the capacity limits of one
resource.

If internal constraints are usually only temporary, then the second
assumption is that sometimes the internal resource that’s frequently a con-
straint often has excess capacity. Likewise, at other times this same internal
resource is overloaded. When this happens, delivery due-date performance
is degraded, with commensurate risk to customer satisfaction and subsequent
loyalty.

Here’s an illustration of the preceding two assumptions. Let’s say that the
graph in Figure 10.3 represents an extended period of time — maybe a whole
year. The dotted line represents the capacity of the slowest resource in our
operation — the capacity-constrained resource. The solid line represents a
fluctuating customer demand for our products. Maybe it’s seasonal, or maybe
it’s tied to some other period (semi-annual, quarterly, etc.).

_ Demand EXCEEDS __
_-=~"" capability of CCR ""\\

Capability of CCR __-
EXCEEDS demand

Figure 10.3 Demand and Capacity

As you can see, for short periods twice a year, market demand exceeds
our capacity to deliver our products in our normal response time. But for
much of the year we have more capacity than we’re using. Except for true
monopolies, this will almost always be the case. In a true monopoly, the
market has no other alternative but to wait for the monopoly to provide what
the market needs. There is no motivation for the monopoly to obtain excess
capacity, because the market can’t go to a competitor if the company doesn’t
deliver a product at the time the customer would prefer to have it.
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Naturally, it would be desirable to have a CCR nearly fully loaded
throughout the year. Only a sophisticated synchronizing of sales and mar-
keting with operations can achieve such an objective. In other words, we’d
like a flexible exploitation of two interactive constraints: the market and a
CCR.

S-DBR: Operating Principles
Subordination to the Market

So if it’s accurate to say that organizations actually have excess capacity
everywhere in the system most of the time, then market demand is normally
the dominant system constraint. And if the five focusing steps prescribe
subordinating all non-constraints to the system constraint, then organiza-
tions should always subordinate themselves — and their components — to
the requirements of the market. It might not be possible to do this completely,
but to the extent that it’s feasible, subordinating to customer requirements
is mandatory if the company is to avoid losing business. Let’s test this pre-
scription for validity with a couple of questions:

1. Do we care about customer satisfaction?
2. If so, why?

If you answered “yes” to the first question, you're implicitly admitting
that your customer has a choice to go to competitors, to the detriment of
your throughput and net profit. If that’s the case, your business is probably
not a true monopoly, able to dictate to the market, rather than the other way
around. Even Microsoft and Intel, with 85% of the operating software and
microprocessor markets, respectively, worry about satisfying the market. This
implies that their ability to make more money (or retain the profits they
make now) is constrained overall by the market, not by any internal resource,
in spite of their commanding positions in the marketplace.

However, while market demand may always lurk in the background as an
overall system constraint, a company’s internal capacity may limit its poten-
tial to expand it’s current market (i.e., to make more money now). If we
accept that the market is always a system constraint (an impediment to
making more money), we're really saying that the market is part of our system
for making money. Recalling the chain analogy we discussed in Chapter 1,
it follows that our commitments to the market need to consider the capacity
of just one internal resource — or, in some special cases, very few resources.
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Sometimes this internal resource is a temporary capacity-constrained
resource, meaning that the demand on it temporarily exceeds its ability to
produce. At other times, however, it may not be a CCR, though it has less
excess capacity than any other resource. In this case, it would be the first
CCR to emerge if demand increased. Consider Figure 10.4, for example. Even
though the market is currently the system constraint, the load on the internal
resources indicates that Resource B would be a prime candidate to become
a CCR, if and when demand increases, because its utilization rate is higher
than any other resource. In other words, B would reach full loading first.

Utilization Rate

8%

Capacity

359, 42%
Limit (CCR) ‘

Ezaf

Resource A B C D E F

4____

Demand Curve

Figure 10.4 A Potential CCR

But even if the CCR is fully loaded (the seasonal demand peaks shown
in Figure 10.4), this is likely to be a temporary condition that could quickly
change (i.e., demand could drop precipitously) if the company fails to sub-
ordinate to (satisfy) its market. Are you unable to keep up with demand?
Don’t worry — just keep disappointing your customers. Pretty soon they’ll
go to your competitors, and demand will come back down to a point within
your capacity, maybe even well below it. Your overload problem will have
taken care of itself — but so will your profit!

Protective Capacity Everywhere

Another crucial principle of S-DBR is that a CCR needs some protective
capacity of its own. In other words, even the most heavily loaded resource
should not be deliberately loaded up to its full capacity. We’ll see why shortly.
All the other resources (non-CCR) need considerably more protective/excess
capacity. We've seen the reasons for this in our discussions of traditional
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DBR. Excess capacity on non-constraints provides the flexibility to respond
to changing demands and the protection the CCR needs.

But why do we need to maintain some excess (protective) capacity at the
CCR? Let’s take a look at a current reality tree (Figure 10.5). Briefly summa-
rized, it’s saying that a company needs protective capacity to respond to
changing market requirements, but in the interest of internal efficiency and
reluctance to cede any business to someone else, most companies load all
their resources — especially the CCR — as heavily as they can. The net result
of this is that neither the market nor the CCR is effectively exploited.

110 The MPS typically

CONCLUSION:
compromises exploitation of NO internal resource
BOTH the market AND the should ever be fully

capacity constraint. [UDE] loaded.
W

109 All internal
resources (including those
: potentially capacity-
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loading them. away business.")

104 The MPS CAN be 106 A fully Ioaclied
planned to maintain bre;_ourtcetcan t 1
protective capacity on subordinate to market

the (CCR). requirements.
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demands of the market.

102 The s i
organization has 103 The organization often

some flexibility in has a capacity-constrained
choosing its resource (CCR).

commitments to the
market,

101 Ultimate success
depends on subordinating
all non-constraints to the
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100 Market demand
is ALWAYS a major
constraint.

MAJOR ASSUMPTION

Figure 10.5 Current Reality Tree: Protective Capacity
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Demand-Driven Master Production Schedule

Another principle of S-DBR is that the master production schedule should
be determined by the company’s actual commitments to the market. Those
commitments should consider capacity limitations. In other words, commit
to your customers based on the limits of your capacity, then create a master
production schedule to meet those commitments.

This is quite similar to traditional DBR, but in S-DBR the master pro-
duction schedule constitutes the “drum,” not the CCR schedule. In other
words, the pace of the entire system is dictated by actual commitments to
customers, through the MPS. The limiting factor — potential or real — on
the MPS will be the capacity limitation on one resource: the CCR.

Work Orders Consist of Complete Product Deliveries

Still another S-DBR principle: Every entry in MPS should be a work order
for a complete delivery of a product. This means not creating a work order
for every part in the bill of materials. An S-DBR work order could be deliv-
eries against firm customer orders or (only when absolutely required) deliv-
eries to stock. This principle is highly desirable, but not always supported by
MRP.

The perceived disadvantage of having very high-level work orders is that
common parts may appear in several separate work orders, yet be needed at
about the same time. The concern is the perception of wasted set-up time.
But because operators may merge work orders for the same operations,
provided the materials are all present at the work center, it’s not a real
disadvantage. Sometimes, however, production organizations assemble-to-
order in an effort to reduce manufacturing lead time. In this situation, work
orders for the intermediate assemblies are issued separately from the end-
product work orders.

The advantages of equating work orders to customer orders are preven-
tion of stealing and flexibility on the production floor. Look again at Figure
10.1, in which 100 of Product A are due on March 1 and 80 of Product B
are due on March 5. Both need part C. In S-DBR, two separate work orders
would be issued. The first, for Product A, needs 100 units of C. The second,
for Product B, needs 80 units of C. The 100 units would be clearly tied to
the work order for Product A. The 80 units would be clearly tied to the work
order for Product B. Operators could not divert common C-parts from one
work order to another without realizing it.

In the MRP world, the two requirements for part C might have been merged
into one work order for 180 units. Producing a consolidated batch of 180 units
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won’t encourage “stealing,” but the probability of at least on customer order
being late is much higher than it would be if two distinct work orders were
used. In S-DBR, with two discrete work orders, the operators of Machines 37
and 38 will see two separate requirements for the same part. Depending on
the actual load and priorities, the operators will decide whether to merge the
two requirements and save a set-up, or to complete other urgent jobs between
these two work orders. To summarize, this feature of S-DBR provides flexibility
for operators to reprioritize work to give precedence to the most important or
pressing jobs. MRP doesn’t provide this flexibility.

In some cases, even using an assemble-to-order policy may not reduce
manufacturing lead time enough for the operation to make to order com-
pletely. In this case, make-to-stock is required, in spite of its associated risks,
which include using a forecast subject to large error and the possibility of
accumulating obsolete stock. In a make-to-stock situation, the unconstrained
MPS is the list of replenishments to finished goods stock. Changes (refine-
ments, updates) to the unconstrained MPS are based on the capacity limi-
tations imposed by the CCR.

Balance Market Requirements with CCR Capacity

As previously mentioned, optimistic MPS is an unconstrained schedule —
no capacity limitations are considered. The CCR’s capacity limits are used to
convert the unconstrained MPS into a realistically achievable schedule. In
doing so, however, management must fully understand, appreciate, and con-
sider the possible negative impact on marketing.

In S-DBR, exploitation planning is the process of balancing the market’s
requirements with the capacity of the CCR. In traditional DBR, this is achieved
by actually scheduling the CCR and verifying that there’s enough time after
the CCR finishes a work order to ship it at the required time. In S-DBR, we
monitor the total load on the CCR and ensure that it has enough capacity to
meet all due dates. The concept of “planned load,” which will be addressed
later, helps ensure that any new order can be effectively shipped on time.

One Buffer

S-DBR, uses only one buffer — the shipping buffer. For make-to-order envi-
ronments, the Quoted Lead Time (QLT) should be equal to or somewhat
longer than the shipping buffer. This establishes a lower limit for a QLT.
Whenever shorter QLTs are desirable to the market (a competitive factor),
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the QLT can be a tool for capturing more market share. A company can quote
a delivery date as early as its current estimation of the shipping bulffer,
assuming a market order can be immediately converted to a work order.

The shipping buffer is defined as a liberal estimate of the time from the
release of raw materials to arrival of the finished product on the shipping
dock. It includes set-up and processing times, move and queue times, and a
pad for normal (and even excessive) variation. Different products may be
assigned different buffer sizes, which provide the option of quoting different
lead times.

In S-DBR, the “rope” is the list of material requirements derived when
the work order is generated for the MPS. It includes a “don’t-start-before”
time derived by subtracting the buffer time from the due date of the order.
S-DBR strives to have only one work order for the completed product instead
of having separate work orders for each level in the bill of materials (as in
MRP).

S-DBR: A Graphic Depiction

Here’s a pictorial representation of what we’ve just described (Figure 10.6).
The shipping buffer is the only buffer, and it encompasses the entire produc-
tion time, plus the required pad for uncertainty and variation. Note that
there is no Zone 2 in S-DBR — just a “green” zone and a “red” zone. Note,
too, that this depiction is not precisely to scale. The green zone should actually
be larger than the red when measured in time.

Materials are released shipping buffer time ahead of the delivery due date.
The basic integrity of the master production schedule is ensured by moni-
toring the dynamic load on the CCR and not allowing it to reach 100%. In
fact, somewhere in the neighborhood of 90 to 95% is about as high as the
CCR should ever be loaded. It’s important to emphasize that these load
estimates are based on fairly accurate averages of actual set-up and processing
times, not standard times that already include slack.

Implementing Simplified DBR

Now it’s time to see how we go about applying S-DBR. Besides the elimination
of all but one bulffer, the most prominent difference between traditional DBR
and S-DBR is that the activity of the CCR is not scheduled. This means that
the actual sequence of work-in-process is decided on the production floor
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Figure 10.6 S-DBR: A Graphic Depiction

in real time. Another significant difference is that initiation of all material
release is backed up from the dates when orders are due to be shipped. Since
S-DBR is much less concerned with scheduling, it’s important to differentiate
what must be accomplished in the planning phase from what should happen
during execution.

General Planning and Preparation

1. Implement the policies required to subordinate to market requirements.

B Eliminate measurement of local efficiencies. It’s crucial to get out
of the local efficiency syndrome if the market constraint is to be
effectively exploited. This is a three-step process. First, manage-
ment must embrace the idea, thoroughly rationalized earlier in this
book, that measuring local efficiencies actually motivates employee
behavior inimical to achievement of the company’s goal. Second,
this message must be formally communicated throughout the pro-
duction and information systems departments. Re-education of
both managers and hourly employees may be necessary. The new
focus should be on Throughput-Based Decision Support (TBDS),
as introduced in Chapter 3 and described in detail in Chapter 13.
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Use small production batches. Production employees should not
be reluctant to accept the increased number of set-ups that pro-
cessing smaller batches will require, but reduce process batches
only down to a size that will not turn a resource into a bottleneck.
In other words, the change in process batch size policy should not
create a capacity constraint.

Transfer work-in-process between stations in batches that are as
small as practical. In other words, transfer batches will not likely
be the same size as process batches — they’ll probably be much
smaller. This may not mean transferring in batches of one unit,
but it doesn’t mean batches of hundreds or thousands, either.
Give priority to work orders with the earliest due dates. Remember,
we’re subordinating internal efficiency to customer requirements,
one of which we assume to be high delivery date reliability. The
exception to this rule is made at a resource that may become a
bottleneck because of excessive set-up time.

Establish close coordination between sales/marketing and production.
While this is not, strictly speaking, necessary for successfully applying
S-DBR, it is necessary to fully exploit both a market constraint and
an interactive CCR. Close coordination between sales/marketing and
production provides the following advantages:

Production and sales reach consensus on the optimal product mix
— the one that delivers the highest throughput. Sales will then
know which products to emphasize.

Production capacity will not be over-committed. Sales will know
what the current load on production capacity is at any given time.
Knowing how much excess capacity exists is crucial to using pro-
duction capacity as a competitive advantage in the marketplace.
By coordinating closely with production, sales representatives
know what promises they can safely make to customers and what
kinds of orders may over-commit production capacity.

When a CCR becomes active, sales representatives will be able to
refine quoted lead times (either upward or downward) to ensure
delivery reliability. They’ll know when not to promise capacity-con-
suming product customization, and when to quote longer lead times
if the customer really needs such customization. Moreover, knowing
when the CCR is nearly fully loaded (or overloaded) allows sales
representatives to selectively inhibit the demand for products that
consume significant amounts of CCR time. Doing so preserves pro-
duction’s capability to respond to sales’ high priority needs.
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Identify the CCR. If the production process is already fully loaded,
we’ll be looking for an active CCR. If it isn’t fully loaded, we’ll deter-
mine which resource should reach full load first, if demand were to
increase. Note that it’s possible to influence where the CCR will be
in two ways: (a) selective capacity management (purchasing capacity
for work centers that should not be CCRs), and (b) selective market-
ing (emphasizing certain products to drive demand distribution to a
desired profile, or product mix). It’s also important to remember that
verifying the CCR is a regular, recurring activity. Any significant
change in either demand or capacity has a high probability of shifting
the location of the system’s constraint.

Determine the size of the shipping buffer. This is a key decision. Prod-
ucts with very different production routings may need shipping buft-
ers of different sizes. The shipping buffer depends on the amount of
excess capacity in the system (e.g., less capacity, larger shipping
buffer). Since excess capacity varies over time, the adequacy of ship-
ping buffers should be reviewed frequently. However, this is not to
say that shipping buffers should be frequently changed. Only signif-
icant changes in excess capacity should trigger a change in buffer size.
So how do we determine how long the shipping buffer should be?
Most production managers have a reasonably good idea what their
current manufacturing lead time is for delivering an order. A nice,
conservative rule-of-thumb is to start with a shipping buffer that is
75% of the current lead time. As the transition to S-DBR matures
and the kinks are worked out, this will probably be too high. The
shipping buffer can be decreased incrementally as long as there are
no red-line penetrations (holes in the Zone-1 buffer). Pilots use a
similar concept in landing an airplane: They don’t dive vertically at
the runway from 30,000 feet, expecting to make one pullout at the
precise time required for a smooth landing. Instead, they reduce their
altitude in gradual steps, until they reach the final approach. We want
to ease into the right shipping buffer size in the same way, because
we don’t want the undesirable effects of a late delivery.

Determine the red-line zone. The concept of a red line, similar to Zone-
1 in traditional DBR, is explained in greater detail later (see Chapter
11, “Controlling Uncertainty and Variation: The S-DBR Approach”).
This, too, is a parameter that should not change too frequently. Unlike
Zone 1 in traditional DBR, the red line is not a fixed ratio of the
buffer, so a change in the shipping buffer size doesn’t necessarily mean
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that the red-line point must also change. If the shipping buffer
changes by 50% or more, we should consider adjusting the red line.

Once these five steps have been accomplished, general planning and prep-
aration are complete. Now we’re ready to execute.

Short-Term Planning and Execution

Actual application of S-DBR begins from one of two possible starting con-
ditions: Either existing capacity exceeds customer demand (market constraint
predominates) or customer demand exceeds current capacity (CCR predom-
inates). Which condition you’re in when you begin implementing S-DBR will
affect the sequence of actions. Figure 10.7 provides a visual depiction of the
entire S-DBR implementation process.

The majority of companies will probably be starting from a market con-
straint condition (capacity exceeds demand). Those that are experiencing a
temporary peak in demand that exceeds capacity would be well advised to
delay execution until that peak has dissipated and demand is somewhat less
than capacity. If this isn’t likely to happen for a while, the procedure that
follows will accommodate peak loads/overloads.

A company that is not already using DBR to manage its production
process undoubtedly has hidden capacity of which it’s unaware. The libera-
tion of this hidden capacity is achieved through the implementation of the
production policies required to subordinate to market requirements (Step 1
under “General Planning and Preparation,” above). If the company already
has some excess capacity, these policies will liberate even more. If the com-
pany’s capacity is overloaded, these policies will reduce the magnitude of the
overload — maybe even eliminate it completely, giving the company some
excess capacity. In either case, management will have a much clearer, more
accurate picture of the true condition of production capacity.

With the new production policies in place, close coordination between
sales/marketing and production established, and the shipping buffer and red-
line point determined:

1. Eliminate short-term capacity overload. This step is performed only
when a CCR is overloaded and likely to remain so for some time, or
when the production system’s instability is so critical that it can’t wait
until an overload condition dissipates naturally. If this is the case,
apply overtime or additional shifts as required to eliminate backlogs,
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Figure 10.7 THE S-DBR Implementation Process

reduce the load on the CCR, or otherwise create some breathing room
in production capacity. In extreme cases, specific instructions to
sales/marketing to back off temporarily on demand generation may
be required. If the CCR is not overloaded, or if company can wait
until the overload is reduced,