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Chapter 3

Decide as Late as Possible

CONCURRENT DEVELOPMENT1
When sheet metal is formed into a car body, a massive stamping machine presses the
metal into shape. The stamping machine has a huge metal die, which makes contact
with the sheet metal and presses it into the shape of a fender, door, or another body
panel. Designing and cutting the dies to the proper shape accounts for half of the capital investment of a new car development program and drives the critical path. If a
mistake ruins a die, the entire development program suffers a huge setback. If there
is one thing that automakers want to do right, it is the die design and cutting.
The problem is, as the car development progresses, engineers keep making
changes to the car, and these find their way to the die design. No matter how hard the
engineers try to freeze the design, they are not able to do so. In Detroit in the 1980s
the cost of changes to the design was 30 to 50 percent of the total die cost, while in
Japan it was 10 to 20 percent. These numbers seem to indicate the Japanese companies must have been much better at preventing change after the die specs were released to the tool and die shop. But such was not the case.
The U.S. strategy for making a die was to wait until the design specs were frozen,
and then send the final design to the tool and die maker, which triggered the process
of ordering the block of steel and cutting it. Any changes went through an arduous
change approval process. It took about two years from ordering the steel to the time
the die would be used in production. In Japan, however, the tool and die makers order

1.

Information drawn from Womack, Jones and Roos, The Machine That Changed the
World, 116–119, and Clark and Fujimoto, Product Development Performance, 187,
236–237.
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up the steel blocks and start rough cutting at the same time the car design is starting.
This is called concurrent development. How can it possibly work?
The die engineers in Japan are expected to know a lot about what a die for a front
door panel will involve, and they are in constant communication with the body engineer.2 They anticipate the final solution, and they are also skilled in techniques to
make minor changes late in development, such as leaving more material where
changes are likely. Most of the time die engineers are able to accommodate the engineering design as it evolves. In the rare case of a mistake, a new die can be cut much
faster because the whole process is streamlined.
Japanese automakers do not freeze design points until late in the development
process, allowing most changes to occur while the window for change is still open.
When compared to the early design freeze practices in the United States in the 1980s,
Japanese die makers spent perhaps a third as much money on changes and produced
better die designs. Japanese dies tended to require fewer stamping cycles per part,
creating significant production savings.3
The impressive difference in time-to-market and increasing market success of
Japanese automakers prompted U.S. automotive companies to adopt concurrent development practices in the 1990s, and today the product development performance
gap has narrowed significantly.

Concurrent Software Development
Programming is a lot like die cutting. The stakes are often high, and mistakes can be
costly, so sequential development, that is, establishing requirements before development begins, is commonly thought of as a way to protect against serious errors. The
problem with sequential development is that it forces designers to take a depth-first
rather than a breadth-first approach to design. Depth-first forces making low-level
dependent decisions before experiencing the consequences of the high-level decisions. The most costly mistakes are made by forgetting to consider something important at the beginning. The easiest way to make such a big mistake is to drill down to
detail too fast. Once you set down the detailed path, you can’t back up and are un2.

The close collaboration between Japanese die engineer and designer occurs even
though the die engineer is an external supplier. Changes are anticipated in the contract
and are done on a worker-to-worker basis without the delay of a change approval process. We discuss contracts that allow for such close collaboration in Chapter 7, “See the
Whole.”

3.

Typical Japanese stamping in 1990 took five shots per panel, compared to seven in the
United States (Clark and Fujimoto, Product Development Performance, 186).
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likely to realize that you should. When big mistakes may be made, it is best to survey
the landscape and delay the detailed decisions.
Concurrent development of software usually takes the form of iterative development. It is the preferred approach when the stakes are high and the understanding of
the problem is evolving. Concurrent development allows you to take a breadth-first
approach and discover those big, costly problems before it’s too late. Moving from sequential development to concurrent development means you start programming the
highest value features as soon as a high-level conceptual design is determined, even
while detailed requirements are being investigated. This may sound counterintuitive,
but think of it as an exploratory approach that permits you to learn by trying a variety
of options before you lock in on a direction that constrains implementation of less
important features.
In addition to providing insurance against costly mistakes, concurrent development is the best way to deal with changing requirements, because not only are the big
decisions deferred while you consider all the options, but the little decisions are deferred as well. When change is inevitable, concurrent development reduces delivery
time and overall cost while improving the performance of the final product.
If this sounds like magic—or hacking—it would be if nothing else changed. Just
starting programming earlier, without the associated expertise and collaboration
found in Japanese die cutting, is unlikely to lead to improved results. There are some
critical skills that must be in place in order for concurrent development to work.
Under sequential development, U.S. automakers considered die engineers to be
quite remote from the automotive engineers, and so too, programmers in a sequential development process often have little contact with the customers and users who
have requirements and the analysts who collect requirements. Concurrent development in die cutting required U.S. automakers to make two critical changes—the die
engineer needed the expertise to anticipate what the emerging design would need in
the cut steel and had to collaborate closely with the body engineer.
Similarly, concurrent software development requires developers with enough expertise in the domain to anticipate where the emerging design is likely to lead and
close collaboration with the customers and analysts who are designing how the system will solve the business problem at hand.

Cost Escalation
Software is different from most products in that software systems are expected to be
upgraded on a regular basis. On the average, more than half of the development work
that occurs in a software system occurs after it is first sold or placed into production.4
In addition to internal changes, software systems are subject to a changing environment—a new operating system, a change in the underlying database, a change in the
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client used by the GUI, a new application using the same database, and so on. Most
software is expected to change regularly over its lifetime, and in fact once upgrades
are stopped, software is often nearing the end of its useful life. This presents us with a
new category of waste: waste caused by software that is difficult to change.
In 1987 Barry Boehm wrote, “Finding and fixing a software problem after delivery
costs 100 times more than finding and fixing the problem in early design phases.”5
This observation became the rationale behind thorough upfront requirements analysis
and design, even though Boehm himself encouraged incremental development over
“single-shot, full product development.”6 In 2001 Boehm noted that for small systems
the escalation factor can be more like 5:1 than 100:1; and even on large systems, good
architectural practices can significantly reduce the cost of change by confining features that are likely to change to small, well-encapsulated areas.7
There used to be a similar, but more dramatic, cost escalation factor for product
development. It was once estimated that a change after production began could cost
1,000 times more than if the change had been made in the original design.8 The belief
that the cost of change escalates as development proceeds contributed greatly to standardizing the sequential development process in the United States. No one seemed to
recognize that the sequential process could actually be the cause of the high escalation ratio. However, as concurrent development replaced sequential development in
the United States in the 1990s, the cost escalation discussion was forever altered. It
was no longer how much a change might cost later in development; the discussion
centered on how to reduce the need for change through concurrent engineering.
Not all change is equal. There are a few basic architectural decisions that you
need to get right at the beginning of development, because they fix the constraints of
the system for its life. Examples of these may be choice of language, architectural layering decisions, or the choice to interact with an existing database also used by other
applications. These kinds of decisions might have the 100:1 cost escalation ratio. Because these decisions are so crucial, you should focus on minimizing the number of
4.

The percentage of software lifecycle cost attributed to maintenance ranges between 40
and 90 percent. See Kajko-Mattsson et al., “Taxonomy of Problem Management Activities.”

5.

Boehm, “Industrial Software Metrics Top 10 List.”

6.

Boehm and Papaccio, “Understanding and Controlling Software Costs,” 1465–1466.

7.

Boehm and Basili, “Software Defect Reduction List.”

8.

Concurrent engineering has been credited with reducing product development time by
30 to 70 percent, engineering changes by 65 to 90 percent, and time to market by 20 to
90 percent, while improving quality by 200 to 600 percent and productivity by 20 to 110
percent (Thomas Group, 1990).
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these high-stakes constraints. You also want to take a breadth-first approach to these
high-stakes decisions.
The bulk of the change in a system does not have to have a high-cost escalation
factor; it is the sequential approach that causes the cost of most changes to escalate
exponentially as you move through development. Sequential development emphasizes getting all the decisions made as early as possible, so the cost of all changes is
the same—very high. Concurrent design defers decisions as late as possible. This has
four effects:
◆

Reduces the number of high-stake constraints.

◆

Gives a breadth-first approach to high-stakes decisions, making it more likely
that they will be made correctly.

◆

Defers the bulk of the decisions, significantly reducing the need for change.

◆

Dramatically decreases the cost escalation factor for most changes.
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A single cost escalation factor or curve is misleading.9 Instead of a chart showing
a single trend for all changes, a more appropriate graph has at least two cost escalation curves, as shown in Figure 3.1. The agile development objective is to move as
many changes as possible from the top curve to the bottom curve.
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Figure 3.1 Two cost escalation curves.
9.

The cost escalation number of 100:1 in Boehm and Papaccio, “Understanding and Controlling Software Costs,” refers to the cost of fixing or reworking software. In Beck, Extreme Programming Explained, the cost escalation curve on page 23 refers to all
change, not just fixing or rework.
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Returning for a moment to the die cutting example, the die engineer sees the
conceptual design of the car and knows roughly the necessary door panel size. With
that information, a big enough steel block can be ordered. If the concept of the car
changes from a small, sporty car to a mid-size family car, the block of steel may be too
small, and that would be a costly mistake. But the die engineer knows that once the
overall concept is approved, it won’t change, so the steel can be safely ordered long
before the details of the door emerge. Concurrent design is a robust design process
because the die adapts to whatever design emerges.
Lean software development delays freezing all design decisions as long as possible, because it is easier to change a decision that hasn’t been made. Lean software development emphasizes developing a robust, change-tolerant design, one that accepts
the inevitability of change and structures the system so that it can be readily adapted
to the most likely kinds of changes.
The main reason software changes throughout its lifecycle is that the business
process in which it is used evolves over time. Some domains evolve faster than others,
and some domains may be essentially stable. It is not possible to build in flexibility to
accommodate arbitrary changes cheaply. The idea is to build tolerance for change
into the system along domain dimensions that are likely to change. Observing where
the changes occur during iterative development gives a good indication of where the
system is likely to need flexibility in the future.10 If changes of certain types are frequent during development, you can expect that these types of changes will not end
when the product is released. The secret is to know enough about the domain to
maintain flexibility, yet avoid making things any more complex than they must be.
If a system is developed by allowing the design to emerge through iterations, the
design will be robust, adapting more readily to the types of changes that occur during
development. More importantly, the ability to adapt will be built in to the system so that
as more changes occur after its release, they can be readily incorporated. On the other
hand, if systems are built with a focus on getting everything right at the beginning in
order to reduce the cost of later changes, their design is likely to be brittle and not accept changes readily. Worse, the chance of making a major mistake in the key structural
decisions is increased with a depth-first rather than a breadth-first approach.

TOOL 7: OPTIONS THINKING
“Satisfaction Guaranteed or Your Money Back.” Sears. Target. L.L. Bean. Land’s End.
Amazon.com. What store doesn’t guarantee satisfaction? On the other hand, it’s
10. See the discussion on developing a sense of how to absorb changes in “Tool 8: The Last
Responsible Moment” later in this chapter.
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somewhat scary to think about offering a satisfaction guarantee for software. Usually,
the message is, After you open the shrink wrap—or after you sign off the requirements—it’s yours. Software rarely comes with a warranty.
Let’s step to the other side of this transaction and consider why satisfaction guaranteed warranties are so attractive. The underlying dynamic is that people find it difficult to make irrevocable decisions when there is uncertainty present. For example,
if you are buying a gift and aren’t certain about the recipient’s size or color preference, a satisfaction guarantee lets you purchase before you get the answers. You are
not being asked to make an irrevocable decision until the uncertainty is resolved. You
have the right to return the product, usually in new condition in a set timeframe, so
if it doesn’t work out, you don’t lose any more than the time and effort required to
evaluate and return it.
It would be nice if business transactions came with a satisfaction guaranteed
clause, but they rarely do. Most business decisions are irrevocable; we usually don’t
have the option to change our mind. Interestingly enough, even though we would
like to be able to change our mind, we usually don’t give our customers the option to
change their minds. And yet, almost everyone resists making irrevocable decisions in
the face of uncertainty. It would be nice if we could find a way to delay making decisions and a way to provide the same benefit for our customers.

Delaying Decisions
Hewlett-Packard discovered a way to increase profits by delaying decisions. HP sells a
lot of printers around the world, and in many countries, the electrical connection
must be tailored to the local electrical outlets. You would think that HP could accurately forecast how many printers it would sell in each country, but the forecasts are
always just a bit off. HP always had some excess printers for one country and not
enough for another. Then the company hit upon the idea of doing final electrical configuration in the warehouse after the printer was ordered. It costs more to configure
a printer in a warehouse than in the factory, but overall, the cost of the option to customize was more than offset by the benefit of always having the right product. Even
though unit costs rose, HP saved $3 million a month by more effectively matching
supply to demand.11
As a keynote speaker at a software conference,12 Enrico Zaninotto, an Italian
economist, pointed out that the underlying economic mechanism for controlling
complexity in just-in-time systems is minimizing irreversible actions. What does this
11. Coy, “Exploring Uncertainty.”
12. Zaninotto, “From X Programming to the X Organization.”
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mean? In HP’s case, there was a huge amount of complexity involved in getting the
right electrical connection on printers going to different countries. The approach
used to control this complexity was delaying the decision about what electrical connection to install until after an order was received in the warehouse. Voila! The system was no longer so complex.
Zaninotto contrasted just-in-time systems with Fordist mass production systems,
which manage complexity by limiting the number of options—“You can have any
color as long as it’s black.” For example, a mass production system for printers would
use only the most common type of plug and make differences in plug styles the customers’ problem; they can buy an add-on converter at their local electronic shop.
Zaninotto suggested that when a system that prespecifies options is confronted
by a system that keeps options open, the second system wins out in a complex dynamic market. Thus, once HP started customizing power options on printers, the
market expected all the other manufacturers to do the same.
Delaying irreversible decisions until uncertainty is reduced has economic value.
It leads to better decisions, it limits risk, it helps manage complexity, it reduces waste,
and it makes customers happy. On the other hand, delaying decisions usually comes
at a cost. In HP’s case, the unit cost of adding a cord in the warehouse was higher
than the cost of adding the cord in the factory. Still, the overall system was more profitable, because delaying decisions allowed the correct decision to be made every time.

Options
The financial and commodities markets have developed a mechanism—called options—to allow decisions to be delayed. An option is the right, but not the obligation,
to do something in the future. It’s like a satisfaction guaranteed warranty—if things
work out the way you expect them to, you can exercise the option (equivalent to keeping the product). If things don’t work out, you can ignore the option (equivalent to returning the product), and all you lose is whatever the option cost you in the first place.
Uncertainty can move in two directions—unexpected good things can happen
just as easily as unexpected bad things. No one knows this better than farmers, who
have to deal with rising and falling commodity prices. Starting in 1985, the Chicago
Board of Trade started selling options contracts, which provide farmers with commodity price insurance. Farmers can now buy options that guarantee a minimum
price for their crop and still be free to sell it at a higher price if the market goes up.
A hotel reservation is an option on a hotel room in the future. The price of the option is the cost to make the reservation, which may include a reservation fee. If you exercise the option—if you show up at the hotel—you pay the price negotiated at the
time the reservation was made. If you cancel the trip all you lose is the reservation fee.
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Stock options are a way to give employees an opportunity to profit if the company
does well in the future while limiting their risk if the company does poorly.13 In general, financial options give the buyer an opportunity to capitalize on positive events in
the future while limiting exposure to negative events. Options provide opportunities to
make decisions down the road, while providing insurance against things going wrong.

Microsoft Strategy, circa 1988
In 1999 Eric Beinhocker14 reminisced about the 1988 Comdex trade show. All the big
players were there with big booths: Apple was at the peak of its powers; IBM, HewlettPackard, DEC, Apollo, and Sun Microsystems were all touting their latest strategies.
And then there was Microsoft, with a modest booth that “was more like a Middle Eastern bazaar than a trade-show booth.” Microsoft showed its then current strength,
DOS, along with an early version of Windows, OS/2 for IBM machines, a version of
UNIX, and new releases of Word and Excel, which were a far distant second to Lotus
and WordPerfect in the DOS environment but led the applications on Apple platforms. Beinhocker notes: “Along with confused customers, the press was also grumbling. Columnists claimed that Microsoft was adrift and Gates had no strategy.”
In 1988 it was not at all clear which platform would win, and Gates did have a
strategy—to cover all the bases. He wanted Windows to win but hedged his bets with
DOS, OS/2, and even a version of UNIX. If Apple won the war, he would lose the operating system but win as the dominant application provider on that platform. In any
case, he would develop expertise in both operating systems and applications. He
played the options game and let the market emerge.
Microsoft was not the only company to invest in options. IBM’s strategy was to offer multiple options in hardware, thus the introduction of the PC in 1981. IBM did
not fully realize that it was the software business, not the hardware business, that
would become the economic driver of the future, so it had allowed Microsoft to hold
most of the options in the software market. This made sense at the time, since all options come at a price, but IBM chose the wrong options.
In the 1990s Cisco Systems acquired companies with relevant technologies
rather than maintaining a large research and development effort. This allowed Cisco
to delay selecting technologies until both the market and the technology emerged,
considerably reducing its risk. The cost of this options-based approach was the premium paid for the companies that had born the initial risk.
13. This assumes that the options are in addition to a reasonable salary.
14. Beinhocker, “Robust Adaptive Strategies,” 95–96.
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Options Thinking in Software Development
One of the hot debates in software development concerns the tradeoff between predictive processes and adaptive processes. The prevailing paradigm has been a predictive
process: Software development should be specified in detail prior to implementation,
because if you don’t get the requirements nailed down and the design right, it will
surely cost a lot to make changes later. This paradigm may work in a highly predictable world. However, if there is uncertainty about what customers really need,
whether their situation will change, or where technology is moving, then an adaptive
approach is a better bet. Options limit downside risk by limiting the cost and time allocated to resolving uncertainty. They maximize upside reward by delaying decisions
until more knowledge is available. Economists and manufacturing managers alike
understand that the adaptive paradigm of delaying decisions until uncertainty is reduced usually produces better results than a predictive approach.
Agile software development processes can be thought of as creating options that
allow decisions to be delayed until the customer needs are more clearly understood
and evolving technologies have had time to mature. This is not to say that agile approaches are unplanned. Plans help clarify confusing situations, allow consideration
of tradeoffs, and establish patterns that allow rapid action. So, plans tend to enhance
the flexibility to respond to change. However, a plan should not prespecify detailed actions based on speculation. Agile software development follows speculation with experiments and learning to reduce uncertainty and adapt the plan to reality.15
Conventional wisdom in software development tends to generate detailed decisions early in the process—like freezing the customer requirements and specifying
the technical framework. In this approach, what is taken for planning is usually a process of predicting the future and making early decisions based on those predictions
without any data or validation. Plans and predictions are not bad, but making irrevocable decisions based on speculation is to be avoided.
In 1988 Harold Thimbleby published a paper in IEEE Software titled “Delaying
Commitment.” He notes that when faced with a new situation, experts will delay firm
decisions while they investigate the situation, because they know that delaying commitments often leads to new insights. Amateurs, on the other hand, want to get everything completely right, so they tend to make early decisions, quite often the wrong
ones. Once these early decisions are made, other decisions are built on them, making
them devilishly difficult to change. Thimbleby notes that premature design commitment is a design failure mode that restricts learning, exacerbates the impact of defects, limits the usefulness of the product, and increases the cost of change.
15. See Highsmith, Adaptive Software Development, 41–48.
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Options thinking is an important tool in software development as long as it is accompanied by recognition that options are not free and it takes expertise to know
which options to keep open. Options do not guarantee success; they set the stage for
success if the uncertain future moves in a favorable direction. Options allow factbased decisions based on learning rather than speculation.

TOOL 8: THE LAST RESPONSIBLE MOMENT
Concurrent software development means starting developing when only partial requirements are known and developing in short iterations that provide the feedback
that causes the system to emerge. Concurrent development makes it possible to delay
commitment until the last responsible moment,16 that is, the moment at which failing
to make a decision eliminates an important alternative. If commitments are delayed
beyond the last responsible moment, then decisions are made by default, which is
generally not a good approach to making decisions.
Procrastinating is not the same as making decisions at the last responsible moment; in fact, delaying decisions is hard work. Here are some tactics for making decisions at the last responsible moment:
Share partially complete design information. The notion that a design must be
complete before it is released is the biggest enemy of concurrent development.
Requiring complete information before releasing a design increases the length
of the feedback loop in the design process and causes irreversible decisions to
be made far sooner than necessary. Good design is a discovery process, done
through short, repeated exploratory cycles.
Organize for direct, worker-to-worker collaboration. Early release of incomplete information means that the design will be refined as development proceeds. This requires that people who understand the details of what the system
must do to provide value must communicate directly with people who understand the details of how the code works.
Develop a sense of how to absorb changes. In “Delaying Commitment” Harold
Thimbleby observes that the difference between amateurs and experts is that
experts know how to delay commitments and how to conceal their errors for as
long as possible. Experts repair their errors before they cause problems. Amateurs try to get everything right the first time and so overload their problem16. The Lean Construction Institute coined the term last responsible moment.
See www.leanconstruction.org.
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solving capacity that they end up committing early to wrong decisions. Thimbleby recommends some tactics for delaying commitment in software development, which could be summarized as an endorsement of object-oriented design
and component-based development:
◆

Use modules: Information hiding, or more generally behavior hiding, is the foundation of object-oriented approaches. Delay commitment to the internal design
of the module until the requirements of the clients on the interfaces stabilize.

◆

Use interfaces: Separate interfaces from implementations. Clients should not depend on implementation decisions.

◆

Use parameters: Make magic numbers—constants that have meaning—into parameters. Make magic capabilities like databases and third-party middleware into
parameters. By passing capabilities into modules wrapped in simple interfaces,
your dependence on specific implementations is eliminated and testing becomes
much easier.

◆

Use abstractions: Abstraction and commitment are inverse processes. Defer commitment to specific representations as long as the abstract will serve immediate
design needs.

◆

Avoid sequential programming: Use declarative programming rather than procedural programming, trading off performance for flexibility. Define algorithms in
a way that does not depend on a particular order of execution.

Beware of custom tool building: Investment in frameworks and other tooling frequently requires committing too early to implementation details that end up
adding needless complexity and seldom pay back. Frameworks should be extracted from a collection of successful implementations, not built on speculation.
Additional tactics for delaying commitment include
17 or
◆ Avoid repetition: This is variously known as the Don’t Repeat Yourself (DRY)
Once And Only Once (OAOO)18 principle. If every capability is expressed in only
one place in the code, there will be only one place to change when that capability
needs to evolve, and there will be no inconsistencies.
◆

◆

Separate concerns: Each module should have a single, well-defined responsibility. This means that a class will have only one reason to change.19

17. Hunt and Thomas, The Pragmatic Programmer, 27.
18. Beck, Extreme Programming Explained, 109.
19. Martin, Agile Software Development Principles, Patterns, and Practices, Chapter 8,
calls this the Single Responsibility Principle.
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◆

Encapsulate variation: What is likely to change should be inside; the interfaces
should be stable. Changes should not cascade to other modules. This strategy, of
course, depends on a deep understanding of the domain to know which aspects will
be stable and which variable. By application of appropriate patterns, it should be
possible to extend the encapsulated behavior without modifying the code itself.20

◆

Defer implementation of future capabilities: Implement only the simplest code
that will satisfy immediate needs rather than putting in capabilities you “know”
you will need in the future.21 You will know better in the future what you really
need then, and simple code will be easier to extend if necessary.

◆

Avoid extra features: If you defer adding features you “know” you will need, then
you certainly want to avoid adding extra features “just-in-case” they are needed.
Extra features add an extra burden of code to be tested, maintained, and understood. Extra features add complexity, not flexibility.

Much has been written on these delaying tactics,22 so they are not covered in detail in this book.
Develop a sense of what is critically important in the domain. Forgetting some
critical feature of the system until too late is the fear that drives sequential
development. If security, or response time, or failsafe operation are critically
important in the domain, these issues need to be considered from the start; if
they are ignored until too late, it will indeed be costly. However, the assumption
that sequential development is the best way to discover these critical features is
flawed. In practice, early commitments are more likely to overlook such critical
elements than late commitments, because early commitments rapidly narrow
the field of view.
Develop a sense of when decisions must be made. You do not want to make decisions by default, or you have not delayed them. Certain architectural concepts
such as usability design, layering, and component packaging are best made
early so as to facilitate emergence in the rest of the design. A bias toward late
commitment must not degenerate into a bias toward no commitment. You
need to develop a keen sense of timing and a mechanism to cause decisions to
be made when their time has come.
20. Ibid. Chapter 9 describes how to do this in the Open Closed Principle implemented via
the Strategy or Template pattern.
21. Beck, Extreme Programming Explained, Chapter 17, uses the acronym YAGNI (You
Aren’t Going to Need It) for this practice and explains its rationale.
22. See Fowler, Patterns of Enterprise Application Architecture; Larman, Applying UML
and Patterns; as well as the works cited above.
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Develop a quick response capability. The slower you respond, the earlier you
have to make decisions. Dell, for instance, can assemble computers in less than
a week, so it can decide what to make less than a week before shipping. Most
other computer manufacturers take a lot longer to assemble computers, so they
have to decide what to make much sooner. If you can change your software
quickly, you can wait to make a change until customers know what they want.

TOOL 9: MAKING DECISIONS
Depth-First Versus Breadth-First Problem Solving
There are two strategies for problem solving: breadth-first and depth-first. Breadthfirst problem solving might be thought of as funnel, while depth-first problem solving is more like a tunnel. Breadth-first involves delaying commitments, while depthfirst involves making early commitments. Some people prefer the breadth-first approach, while others prefer the depth-first approach. However, most people prefer to
use depth-first when approaching new problems, because this approach tends to
quickly reduce the complexity of the problem to be solved.23 Since design is, by definition, the consideration of a new problem, most novice designers are biased toward
the depth-first approach.
The risk of depth-first problem solving is that the field under consideration will
be narrowed too soon, especially if those making the early commitments are not experts in the domain. If a change of course is necessary, the work done in exploring the
details will be lost, so this approach has a large cost of change.
Notice that both breadth-first and depth-first approaches require expertise in the
domain. A depth-first approach will work only if there was a correct selection of the
area to zero in on. Getting this selection right requires two things: someone with the
expertise to make the early decisions correctly and assurance that there will not be
any changes that render these decisions obsolete. Lacking these two conditions, a
breadth-first approach will lead to better results.
A breadth-first approach requires someone with the expertise to understand how
the details will most likely emerge and the savvy to know when the time to make
commitments has arrived. However, the breadth-first approach does not need a stable
domain; it is the approach of choice when the business domain is expected to evolve.
It is also an effective approach when the domain is stable.
23. See Thimbleby, “Delaying Commitment,” 84.
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Personality Types
We, the authors, exemplify the breadth-first and depth-first personality types.24
Tom has a strong bias toward delaying commitment, so he enjoys the process of
evaluating options, sometimes at the expense of getting things done. Mary, on
the other hand, in her eagerness to make things happen, quite often sets off
down the wrong path. Since we have complementary strengths and weaknesses,
we have learned how to combine them to get the best of both worlds.
When a decision must be made, it falls naturally to the person whose style is
most appropriate. For example, Tom evaluates available computer networking
approaches, while Mary decides when and what to buy. Tom mulls over the best
approach for a new Web site, while Mary oversees getting the Web site developed and deployed.
Mary has learned that for important decisions, the results are always better if
she delays commitment until Tom does the breadth-first search. Tom finds that
Mary has developed a better sense of when decisions have to be made and is
more likely to make things happen. However, when it comes to implementation,
both know that pair troubleshooting resolves network issues and Web site problems much faster than working alone.

—Mary and Tom

Intuitive Decision Making
Gary Klein studied decision making of emergency responders, military personnel,
airline pilots, critical-care nurses, and others, to see how they make life-and-death
decisions. He expected to find that these people make rational decisions in life-threatening situations; that is, they survey a range of options and weigh the benefits and
risks of each option, then choose the best one from the analysis. When he started the
study, he was amazed to discover that fire commanders felt they rarely, if ever, made
decisions. Fire commanders were very experienced, or they would not have their jobs.
They claimed that they just knew what to do based on their experience; there was no
decision making involved. We call this intuitive decision making.25
When experienced people using pattern matching and mental simulation to
make decisions, they are employing a very powerful tool that has an unquestioned
track record of success. To make even better decisions, emergency responders, pilots,
and military commanders engage in situational training that establishes correct pat24. Thimbleby, “Delaying Commitment,” 84, sidebar.
25. Klein, Sources of Power, Chapter 3.
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terns and enables better mental simulations. With the proper training and experience, intuitive decision making is highly successful the vast majority of the time.
Klein found that firefighter commanders resort to rational decision making
only when experience is inadequate. Deliberating about options is a good idea for
novices who have to think their way through decisions. However, intuitive decision
making is the more mature approach to decisions, and it usually leads to better decisions as well.26
Rational decision making involves decomposing a problem, removing the context, applying analytical techniques, and exposing the process and results for discussion. This kind of decision making has a place in making incremental improvements,
but it suffers from tunnel vision, intentionally ignoring the instincts of experienced
people. It helps clarify complicated situations but contains significant ambiguity.
Even though rational analysis gives specific answers, these are based on fuzzy assumptions and it is difficult to know exactly when and how to apply the rules.27
It would be nice if rational analysis could be counted on to point out when there
is an inconsistency, when there is a key factor that everyone is overlooking. However,
rational analysis is less useful than intuition in this regard, because rational analysis
tends to remove context from analysis. Thus, rational decision making is unlikely to
detect high-stakes mistakes; intuitive decision making is better in this regard.
Sometimes it seems that there are not enough experienced people available to allow intuitive decision making, and therefore rational decision making is the better approach. We strongly disagree. It is much more important to develop people with the
expertise to make wise decisions than it is to develop decision-making processes that
purportedly think for people. We are also convinced that it is quite possible to develop
many people who are able to make wise intuitive decisions. Consider the Marines.

The Marines
The U.S. Marine Corps doesn’t have any real need to exist; the army, navy, and air force
are equipped to handle any job the Marines tackle. However, the Marines specialize in
chaos. “Everything about the Marines…is geared toward high-speed, high-complexity
environments,” writes David Freedman in Corps Business.28 “The Marine Corps is one
of the most open-minded, innovative, knowledge-oriented…organizations in the world.”
26. Ibid., 23, 28–29. Note that intuitive decision making can yield incorrect results if the
underlying assumptions are incorrect or the constraints are not understood.
27. Ibid., Chapter 15.
28. Freedman, Corps Business, xix.
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Freedman outlines 30 management principles that the Marines use to enable
young recruits to deal with extremely challenging combat missions as well as tricky,
ill-defined humanitarian missions. If you want to know how to deal with complexity,
the Marines have a few good ideas.
Marines plan, but they do not predict. A mission plan is both rapid and thorough,
but it is not a scenario of how the mission will unfold. Instead, the planning process
focuses on understanding the essence of the situation and the strengths and weaknesses of both sides; finding simplifying assumptions, boundary conditions, and alternate approaches; settling on an approach with a 70 percent chance of success;
searching for what is being overlooked; and inviting dissent. These issues are covered
rapidly in the hours immediately preceding the mission, and the Marines have a plan.
Once engaged in a mission, the organizational structure collapses, and those on
the front lines, who have access to the most current information, are expected to make
decisions. They also are expected to make mistakes. The theory is that they will make
fewer, less serious mistakes than will distant officers. Mistakes are not penalized; they
are considered necessary to learn the boundaries of what works and what doesn’t.
Extreme training is used to be sure Marines don’t encounter situations on the job
more challenging than those faced in training. They develop skills and learn patterns
that they are expected to adapt to new and changing situations. Training is done with
stories and analogies, but Marines are not told how to do a job. Instead, the Marines
“manage by end state and intent. [They] tell people what needs to be accomplished
and why, and leave the details to them.”29
The Marines focus attention and resources on small teams at the lowest levels of
the organization. There is no personnel department; hiring, training, and assigning
people are required and prized rotational assignments for every senior officer. They
look for leaders who can motivate people, and they clearly distinguish management
tasks—getting the maximum value from the dollar—from leadership tasks—helping
people to excel. Marines are taught to be comfortable with paradox and value opposing traits. Thus, they learn to balance discipline and creativity, empowerment and hierarchy, plans and improvisation, rapid action and careful analysis.
Organizations that deal successfully with complexity, as do the Marines, understand that complex problems can be dealt with only on the front line. Thus, they focus on enabling intelligent, self-organizing, mission-focused behavior at the lowest
levels of the organization. Marine leaders are trained how to clearly communicate
command intent so that frontline people understand the mission and know how to
make intuitive decisions.
29. Ibid., 208.
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A clear statement of intent is the key to enabling emergent behavior on the front
line. In business, the communicating intent is generally done through a small set of
well chosen, simple rules.

Simple Rules
Termites build amazing mounds and bees build complex hives. Birds migrate in flocks
and fish swim in schools. These are not extraordinarily intelligent animals, yet as a group
they exhibit extraordinarily sophisticated behavior. How do they know how to do it?
In the article “Swarm Intelligence” Eric Bonabeau and Christopher Meyer describe how ants find food efficiently by following two simple rules: (1) Lay down a
chemical as you forage for food, and (2) follow the trail with the most chemical. If two
ants go out looking for food, the one returning first will have laid down a double layer
of chemical, so other ants will follow that trail, adding more chemical. The ants converge on the food very efficiently.
It turns out that these same two routing rules are equally effective in routing
telephone traffic on a network. In this scheme, digital “ants” roam through a network, laying down “digital chemicals” in places of low congestion. Phone calls follow
and reinforce the “digital trails.” If congestion develops, the digital chemicals decay
and are not reinforced, so calls are no longer attracted to that route.
Simple rules can lead to surprising results. Southwest Airlines had a rule that
freight was to be loaded onto the first plane going in the right direction. The result
was severe bottlenecks in the system even though very little of the overall capacity
was being used. Then Southwest changed this one rule to ant forging rules: Find and
use uncontested paths, just like the telecommunications industry. This meant that
some cargo might actually start out moving away from its destination or taking a
longer route than seemed necessary, which seemed very counterintuitive. However,
the result was an 80 percent reduction in transfer rates at the busiest terminals, a 20
percent decrease in workload for cargo handlers, less need for cargo storage, and
spare room on flights available for new business. Southwest estimated an annual gain
of more than $10 million.30
Social insects act without supervision, self-organizing based on a set of simple
rules. Their collective behavior results in efficient solutions to difficult problems.
Bonabeau and Meyer call this swarm intelligence and list its advantages:
30. Bonabeau and Meyer, “Swarm Intelligence,” 108.
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◆

Flexibility—the group can quickly adapt to a changing environment.

◆

Robustness—even when one or more individuals fail, the group can still perform
its tasks.

◆

Self-organization—the group needs relatively little supervision or top-down control.

Simple rules are very efficient at fostering flexibility, robustness, and self-organization in business environments. In the article “Strategy as Simple Rules,” Kathleen
Eisenhardt and Donald Sull note that managers have three choices when deciding
how to compete. First they can “build a fortress and defend it.” Second, they can
count on unique resources to maintain a competitive advantage. Third, they can
place their organizations in a position to rapidly pursue fleeting opportunities by
choosing “a small number of strategically significant processes and [crafting] a few
simple rules to guide them.”31
The interesting thing about simple rules is that they enable decision making at
the lowest levels of an organization. People do not have to wonder what to do in a situation or get permission to act. If they follow the simple rules, they know how to
make decisions, and they know their decisions will be supported. Eisenhardt and Sull
suggest that a simple-rules strategy gives a company a strong competitive advantage
in high-velocity markets because they allow an entire organization to act uniformly
and quickly with little supervision.
This is the key to simple rules: They allow everyone in an organization to act
quickly, synchronously, in a coordinated manner, without the necessity of waiting for
instructions from above. In a complex and changing environment, long decision
chains slow decision making down and separate decision making from execution.
Simple rules allow decisions to be made on the spot, when and where they need to be
made, taking current information into account. Thus, simple rules are a key mechanism to enable people to decide as late as possible.

Simple Rules for Software Development
Simple rules for knowledge workers are a bit different than simple rules for moving
freight or switching packets through networks. Simple rules give people a framework
for making decisions; they are not instructions telling people exactly what to do.
Thus, simple rules are principles that will be applied differently in different domains;
they are used by experienced people as guidance when making intuitive decisions.
31. Eisenhardt and Sull, “Strategy as Simple Rules.”
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People have a limit to the number of things they can consider when making a decision, so the list of simple rules should be short. George A. Miller’s law suggests that
somewhere around seven would be a good number.32 Simple rules should be limited
to the few key principles that really must be considered when making a decision.
Quite often, simple rules are used to reinforce a paradigm shift, so they often focus on
the counterintuitive elements of decision making.
We offer seven simple rules, or principles, for software development along with
the tools to help you translate the principles to agile practices that are appropriate for
your particular environment:
1. Eliminate waste: Spend time only on what adds real customer value.
2. Amplify learning: When you have tough problems, increase feedback.
3. Decide as late as possible: Keep your options open as long as practical, but no
longer.
4. Deliver as fast as possible: Deliver value to customers as soon as they ask for it.
5. Empower the team: Let the people who add value use their full potential.
6. Build integrity in: Don’t try to tack on integrity after the fact—build it in.
7. See the whole: Beware of the temptation to optimize parts at the expense of the
whole.
A set of simple rules are guideposts; their purpose is to allow the people on the
ground to make quick decisions about how to proceed, knowing that their decisions
will not be second-guessed because they are making the same decision their managers would make given the same circumstances. It is the power that simple rules give
to the people who add value that makes them so valuable. It is not so important that
the rules give detailed guidance; it is important that people know that these rules are
guidelines, which gives them the freedom to make their own decisions.
32. Miller, “The Magical Number Seven, Plus or Minus Two: Some Limits on Our Capacity
for Processing Information.”
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1. Think of examples in your life when you have used options to delay decisions. For
example, have you ever paid extra to lock in a low interest rate as you negotiated
a mortgage? How effective has this been for you? Fill in the following table:
Very
favorable
result

Example of keeping options open
Mortgage Negotiation

Very
unfavorable
result

X

Example 2
Example 3

No gain; lost
the cost of
the option

X
X

We think you will find most examples fall into either the favorable or nogain category, but few fall into the unfavorable category.
2. At a team or department meeting, ask people to list decisions that are about to be
made. Group the list of decisions into two categories—tough to make and easy to
make. Then discuss what information you would need to turn each tough decision into an easy decision. Pick three tough decisions and apply the delaying tactics under “Tool 8: The Last Responsible Moment” to delay those decisions as
long as possible.
3. Evaluate your personality—are you inclined toward breadth-first or depth-first
problem solving? Find someone who has the opposite inclination, and pair with
him or her as you decide how to approach your next development project.
4. Select a few critical processes and develop simple rules for them so that people
understand intent and can make independent decisions.
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