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Theory of Constraints, Lean, and Agile Software Development
Tuesday, 13 March 2007

Delivering More Business Value Where Needed

Within the software development community, one of the biggest movements over the past
decade has been Agile Development whereby teams adopt practices and attitudes
consistent with the now famous Agile Manifesto. Additionally, there has been much
discussion over the past four to five years about applying principles from the Theory of
Constraints (ToC) and Lean Product Development (Lean) to software development. This has
had a tendency to muddy the surrounding waters as teams question whether they should
apply Agile, ToC, or Lean concepts. Are these three approaches mutually exclusive? Is
there some hidden magic that can be unlocked by careful application of all three? Isn'tit
hard enough just trying to be Agile, without also trying to be Lean and ToC-ish? In this
article we give an overview of Lean and ToC and show how they can be used in conjunction
with Agile practices to focus on an organization's business value. By using elements of
Lean, ToC, and Agile together more business value can be delivered with less effort.

Introduction

What is important to your organization? The answer to that question is as varied as the
number of organizations that exist. Software that we build should always address/advance
one or more of the organization's goals. With advent of Agile development we have
become much more effective at meeting those goals. We have also become adept at
recognizing and responding to changes and making course adjustments appropriately. So is
that enough? Are we there yet?

There is more that can be done. By borrowing some good ideas from the business world,
namely ToC and Lean, we can target our customers' needs and goals even better. In this
article we briefly outline how to do so and give references for further reading.

The diagram in Figure 1 shows a very simple process that will be used for illustration of
Lean and ToC below. Each step has a speed indicated in parentheses below the step
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name. Inventory builds up between two steps when they are of mismatched speed -
therefore because step A is faster than step B, an excess product of A waits to be processed
by B.
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Figure 1: Simple Sequential Process (SSP)

Lean

Much has been written about Lean Manufacturing and its application to software
development. Lean is all about defining value as the sole service/product delivered to the
customer. Everything else that does not either directly or indirectly provide value to the
customer is seen as waste and is to be eliminated. Broadly, the steps in Lean, as defined by
Womack and Jones [2] are:

1. Define value for your customer. Everything else is waste. Learn to see that waste.

2. Eliminate all waste. Any step that does not provide value for the customer should be
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a candidate for modification or removal from the process.

3. Make steps in your process flow. Each step in a process should directly feed into the
next one without delay. Inventory is one form of waste because it does not deliver
value to the customer.

4. Pull work. That is, a step in the process should not create anything until it is needed
by the step after it. This brings inventory levels down to zero and only processes
work ‘pulled' by the customer at the end of the process chain.

5. Work towards perfection. That is, go back to step one and make things better -
remove more waste.

With respect to the SSP process in Figure 1, value would be defined with respect to our
customers - anything they are willing to pay for (not intermediate results). We would next
see everything that does not deliver value as a ‘waste' and work diligently to remove that
waste until the steps flow from one to the other without waiting or inventory. We would
then only create product when the customer (at the end of the process) requests - or pulls -
it.

By continuously eliminating waste the entire system delivers more and faster with less
effort. Mary and Tom Poppendieck [7, 8] have given us a guide describing how this relates
to software development directly. They help us see different forms of waste in software
development such as stale requirements, gold plated code, and functions that are rarely (if
ever) used. They also give us some strategies to help eliminate them.

So all is well and good. We're done! Well... Lean doesn't address where to start eliminating
waste. It turns out that where you start eliminating waste is an important factor. You can
continue to eliminate waste for a long time until you get to ‘flow' and a ‘pull' system.

Theory of Constraints

The Theory of Constraints, created by Eliyahu Goldratt and introduced to the world in the
business novel "The Goal," [4] simply asserts that there is only one bottleneck in a system
of production. Throughput of the overall system will always be limited by that bottleneck.
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The idea is that if you want to increase the overall throughput of the system you need to
focus almost exclusively on improving the performance of the bottleneck (also known as the
"constraint," thus the "Theory" of Constraints). Efforts spent elsewhere are waste (in Lean
terms) and could even be counterproductive.

So what does ToC advise we do? We should:

1. Find the bottleneck (the slowest point in the system).

2. Exploit and protect the bottleneck so that it does not get interrupted. Protecting the
bottleneck is usually done with inventory, so if a step upstream of the bottleneck
goes down, the bottleneck can continue to function.

3. Make all other steps in the process subservient to the bottleneck's capacity - in
English, "slow them down" and prioritize any work that affects the bottleneck.

4. Elevate/improve the capacity of the bottleneck until it is no longer the slowest step in
the system.

5. Go to step 1 and continue.

In Figure 1, the bottleneck is step D running at a speed of 30. We would keep the
inventory between C and D, slow all steps to a speed of 30 (thus removing all other
inventory), and use the resources to make D go faster until it is no longer the slowest step
in the system.

For this to work, the bottleneck must be a global bottleneck (for the entire system) and not
a local one (for a single step in the system). Otherwise, addressing a local bottleneck will
make a non-bottleneck step faster and will be effort down-the-drain because the real
bottleneck has not been addressed. In our example, let's assume that the group responsible
for step C have their own internal process and they work on making this nested process
better. They will find a bottleneck for step C and remove it and therefore step C will
increase to a speed greater than 60. This is great for step C, but actually does nothing to
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improve the system as a whole. In fact, it will probably result in increased inventory waiting
to be processed between steps B and C.

ToC is very specific of where to start: the BOTTLENECK. The location of that bottleneck
differs from organization to organization, so you will have to find your own bottleneck.
Fortunately, they are usually not that hard to find - one of the biggest indicators is a pile of
inventory stacking up before the slowest step as it gradually gets farther and farther behind
the rest of the system.Specifically, in software development, the "inventory" that piles up is
composed of requirements waiting to be processed (this can be development, testing,
integration, deployment, etc...). Typical bottlenecks include requirements specification (the
rest of the system is starved for requirements because it takes so long to create
requirements documents), system test/ QA, and defects (rework inventory). We find it
interesting that actual coding work is commonly not the bottleneck, and yet it seems to
receive a disproportionate amount of attention. Maybe coders are the biggest whiners?

What's interesting about this approach is that it is completely contrary to the notion of
improving "personal productivity" or efficiency. ToC plainly states that not only is it ok but
many times it's actually desirable for parts of your system to operate below their maximum
capacity. To put this in terms of a software development team, let's say that UI QA has
become your bottleneck, meaning that you have a buildup of user interface requirements or
features waiting to be tested by QA. As the rest of the team continues to define, design,
and implement new requirements, the amount of "inventory" waiting to get processed by
QA will continue to grow because it is the bottleneck. So step 3 of ToC says you should
slow down all non-bottleneck steps to operate at the same pace of the bottleneck, meaning
your requirements gathering, design, and development should all be restricted to the extent
that you are releasing implemented features to QA at a slow enough pace that QA can
immediately start testing them. So now, if your team size has not changed, it's entirely
likely that your QA team is working at or near its capacity while the rest of the team is
working below its capacity; literally they might be sitting around waiting for work to do! So
what do you do in this situation if you don't like the notion of paying a bunch of analysts
and developers to sit around and do nothing or only work part time? According to ToC, you
should either scale back the number of people gathering and implementing requirements (if
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you don't want them to be idle) or you can increase the capacity of your bottleneck (step
4). In this case you can increase the number of features QA can test at any given time or
reduce the cycle time per test (help QA figure out to how test more quickly). Either of
these steps will increase the capacity of QA, meaning the other parts of the team can scale
up again until another bottleneck is revealed (step 5).

Agile

Lean and ToC help identify and target waste to improve to our organization. They do not
tell us how to do so although there have been efforts in the field to apply both Lean and
ToC to software development (Poppendiecks' two books [7, 8], and Agile Management for
Software Engineering [9] by David J. Anderson come to mind).

Agile development is all about practicing a better form of building software. There are
methodologies that address ways to build software with several practices together such as
Scrum, XP, Crystal, and others. The practices are useful in and of themselves and can be
used as surgical tools as long as we are cognizant of how a development practice affects
the software development system.

To adopt the correct agile development practices we must be aware how each practice
helps eliminate waste in one or more steps of a development cycle. So, for example, test
driven development helps reduce the pile (inventory) of bugs waiting to be fixed. Pair
programming reduces ‘hand-offs' between developers with different expertise to build a
cross-functional requirement. Cross-functional teams help eliminate the waste from hand-
offs and pending work as it moves from team to team.

Putting It All Together: Targeting with ToC, Eliminating Waste with Lean, and
Elevating the Constraint with Agile Practices

Lean and Agile aren't very good about indicating where in our system to start improving,
but ToC is. To maximize the business value (to be read "most directly address our
organization's goals ") we start with step 1 in ToC:
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1. Find the bottleneck.

Then, even though inventory is a form of waste, in this case it is ‘necessary waste' because
it keeps the system from getting even slower if something happens to the steps that feed
the bottleneck. With that we have done step 2 of ToC:

2. Exploit and protect the bottleneck.
The final step we will use from ToC before switching to Lean is to slow down the entire
system so that steps run no faster than the bottleneck.

3. Make all other steps in the process subservient to the bottleneck's capacity (and thus
achieve flow).

Anything running faster than the bottleneck does not make the system run faster and is a
form of waste. Once we bring down the speed we have done two things: we have released
excess resources from non-bottleneck steps that we can use elsewhere, and we have just
found ourselves at step 3 in Lean - the system is ‘flowing'!

This is the perfect hand-off position to Lean's step 4:

4. Pull work.

Now our system does not do any extra work until it is needed and it is running at the
bottleneck's speed. At this point Lean tells us to continue removing waste and ToC tells us
to increase the capacity of the bottleneck until it is no longer the bottleneck. ToC is the
more specific of the recommendations:

5. Elevate/improve the capacity of the bottleneck until it is no longer the bottleneck (using
Agile practices).

So how do we elevate the bottleneck? How do we increase its capacity? You guessed it -
this is where the Agile practices come in. We now target the Agile practices to surgically
improve the process. We use the resources that were freed up earlier in step 3. We don't
have a large collection of practices to adopt. For this to work well we must be aware of
each Agile practice and what parts of the organization it addresses and improves.

Conclusion

We have given an overview of both Lean and ToC and proposed a way to use them
alongside Agile practices to more effectively target your organization's business goals. This
article is meant to pique your curiosity and whet your appetite for Lean and ToC. If we
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have been successful in doing that, then go read more with our advice in mind.
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