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M
y impression is that suc-
cessful projects belong to
the same people, the kind
of people who recognize
problems and deploy coun-

termeasures more effectively than oth-
ers. In order to be successful at what they
develop, these people apply far more
than a single model not only to detect
problems and identify countermeasures,
but to plan. One of these models—a
model that we all employ, consciously or
not—I’ve called the development system.

Let me give you an example. I had the
opportunity of working on the BSY-2
combat system for the SeaWolf subma-
rine. This system consisted of millions of
lines of code and thousands of interfaces,
and it required that we provide and
maintain rather large documents to
describe it. I worked in the tools group
that kept several of the design specifica-
tions in relational databases.

The huge amount of many-to-many
relationships in the system meant that a
single change would impact a large num-
ber of elements and many deliverable
documents. Manually grubbing through
the interface specs (dozens of feet thick
and housed by multiple contractors at
multiple locations) would have been too
slow and prone to error. Keeping the

specs in relational databases allowed us
to automate traceability and find change
impacts with a query. It was the bill of
materials system from hell.

When the new development worksta-
tion network went in—we were using a
mainframe-class machine at the time—
and all that publishing was supposed to
happen on the workstations, I predicted
it wouldn’t work. The first run of the
smallest of the hundreds of deliverable
specs took over a week before it crashed.

In this case why was it that, as my old
boss used to say, a process that works
successfully for one hundred changes
may collapse under ten thousand

changes? When we ask questions about
what went wrong—excluding questions
about the particulars of the system we’re
building—we’re asking questions about
a model called the development system.
We’re asking questions and we’re mak-
ing observations about the tools, per-
sonnel, and procedures used to develop a
software system.

THE DEVELOPMENT SYSTEM
The development system is the collec-

tion of people, processes, and tools that
implements the development sequence. If
system development is a series of trans-
formations from goals to requirements to
design to code, the development system
makes the transformations happen. The
development system is an information
system that manipulates different descrip-
tions of the system being built. It includes
processes that directly implement the
sequence from requirements to code. It
also includes supporting processes like
change management, issue resolution,
and even time reporting. In information
systems terms, these processes correspond
roughly to data and control flows.

Like other systems, the development
system describes its own functions, but
it also has attributes that describe how
well it accomplishes those functions.
Minimally, the important attributes—
outlined by Tom Gilb in his Principles of
Software Engineering Management
(Addison-Wesley, 1988)—of the devel-
opment system model are:

• Volume. It’s harder to handle
10,000 things than 100. Will some-
thing that works for 100 require-
ments work for 10,000? The same
question applies to defects, builds,
target platforms, and test cases.

• Process capacity. Is it possible to
process the required volume in the
time available?

• Concurrency. How many people or
events are in process at once?

• Cycle time. Will the individual
processes execute quickly enough
for the project to meet its schedule?

• Operations attributes. These are
attribute requirements—like avail-
ability and reliability—which can
kill a model’s usefulness. Can we
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run it enough to get the job done?
• Deployment. How broadly is it

available? Can we get it to everyone
who needs to use it?

• Process measures. Any process in
the development system has perfor-
mance measures, like precision and
repeatability, but overdesigning for
performance (at the price of, say,
cycle time) can be as bad as under-
designing for it.

For any particular project, the limiting
process probably isn’t what you think.
Often, it’s a control process. And for any
particular process, the most important
attribute probably isn’t what you think,
either. Often, it’s cycle time or concur-
rency versus the more obvious attributes.

By not considering the development
system as a system, projects can either
make the error of assuming that devel-
opment system performance is a given or
can fail to define the development system
performance needed. Many projects
make both errors simultaneously.

THE SYSTEM IS A SYSTEM
Some years before BSY-2, I built

embedded controls for heat pumps. (The
career transition makes sense; really, it
does.) In the course of that work,

• We implemented reliable builds
through scripting in the host’s shell
language. Build precision and
repeatability went way up, and we
spent much less time searching for
build bugs.

• Automated builds became nightly
builds and eventually used a repeat-
able procedure for pushing the
results out to the target system. I
stopped forgetting what I had
changed. (An experienced developer
who joined our small team later sug-
gested that automated nightly builds
were overkill. The whole team
shouted the poor guy down, mainly
because of how nightly builds sim-
plified tracking changes.)

• We introduced design reviews prior
to coding, and it greatly reduced
design defects. However, we used
only optional, informal reviews of
bug fixes.

This last change—design reviews—illus-
trates something that the purists will
probably object to here.

For these systems (high-volume
embedded controls) designed in this way
(a very decoupled design) with this team
there was no benefit to requiring team
design reviews of fixes. In part, this was
because of the knowledge base built up
by the earlier design reviews. Most
defects were implementation errors. In
part, this was due to the team; they were
exceptionally responsible, asking for help
when they needed it. It was also due to
the delivery protocols for these systems.
Shipping required a 100 percent retest
with 100 percent success.

These development system changes had
an unexpected benefit: Rapid, reliable,
repeatable changes to the control coeffi-
cients made tweaking the algorithms eas-
ier. After these development process
changes were in place, I remember the
engineer responsible for the control algo-
rithm design asking, “How long to get a
chip with these coefficient changes and the
rest of the current software as is?” The
look on his face was priceless when I
asked him, “How’s tomorrow?” He had
been accustomed to bad changes, bad
chips, and weeks of delays. Because of our
development system changes, those heat
pumps are more efficient than they would
have otherwise been.

These examples illustrate that the
development system is a system—every-
thing is connected to everything else, and
sometimes in unexpected ways. It also
illustrates that there isn’t any one true
development system model for every sit-
uation.

USING THE MODEL
My favorite piece by James Bach is

“Process Evolution in a Mad World”
(http://www.stlabs.com/testnet/docs/proc
ess.htm). The discussion his argument
produced on newsgroups (and else-

where) matters even more, I think. One
of the observations from this discussion
is that different problem domains require
different balances between process con-
trol (which the advocates call “disci-
pline” and “maturity”) and open-ended
problem solving.

Large-scale tactical systems are embed-
ded in and intertwined with hardware,
procurement, facilities, training, and doc-
trine. Changes to software function have
tremendous secondary costs. These costs
can be accrued even in the early states of
development.

Embedded systems for commercial
products have a similar level of integra-
tion with other elements, but the sec-
ondary costs are lower and start a bit
later.

Commercial heat pumps use existing
production, distribution, and support to
a greater degree than major new
weapons systems. Put another way, for
the control systems more of the cost of
change was inside the box we shipped,
so we could use a less extensive and less
robust process to manage the secondary
costs of change. We could also tolerate
more change later in the game simply
because change was cheaper.

On BSY-2, the support tools the tools
group built had minor secondary costs
for change compared to either the tacti-
cal system or to embedded controls.
Many of the procedures set up to man-
age the huge secondary costs of changes
to the tactical system were inappropriate
for tool development in which the costs
were lower. In addition, these processes
assumed that analysis could predict
problems—hardly true in terra incognita.
The tools group existed because the
available tools and techniques wouldn’t
handle this tactical system. When you’re
taking the tools somewhere they haven’t
been before, it’s usually cheaper to try
them and see what breaks.

Bach suggests in his article that devel-
opment should be exploratory and evo-
lutionary. Our goal should be to design
development to make opportunities for
discovering value that the system might
have, versus just increasing the perfor-
mance or delivering the value the system
is supposed to have. I’m sometimes a bit
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these rules, developers must make deci-
sions about module 114123 only after
making those for modules 114121 and
114122. Thus the system architecture
serves as a graphical representation of the
matrix: It gives the order in which to make
design decisions and indicates how those
decisions will impact other design func-
tions.

The parts of the software system repre-
sented by the matrix’s diagonal terms are
the software’s core functions and should
be developed in order, from left to right
down the diagonal. Off-diagonal terms
represent other relationships that devel-
opers should consider in developing soft-
ware, but they do not represent core func-
tions. The matrix helps the developers
establish and organize these relationships.

DP leaves can each represent attrib-
utes, methods, or arguments of a specific
class. One or two levels up, the DPs can
also be defined as a class combining the
leaves below, depending on how the
developer has broken down the design.
Once developers define the classes, they
can define their attributes and opera-
tions. Next, they can create interfaces by
establishing relationships between
objects and operations, using the design
matrices created earlier.

O ur development of Acclaro showed
us that axiomatic design is a pow-
erful tool for creating new designs.

Developers can also use this methodol-
ogy to decompose existing designs, create
a system architecture drawing, and diag-
nose problems. We’ve already begun
work on a new version of Acclaro with
features geared specifically to software
developers.❖

Sung-Hee Do is vice president of tech-
nology for Axiomatic. Contact him at
dosh@axiod.com.

Nam P. Suh is head of the department of
mechanical engineering and director of
the Manufacturing Institute at MIT. He
is also an Axiomatic board member.
Contact him at npsuh@mit.edu.

more of a formalist than Bach. I think
development should be exploratory some
of the time, not all of the time. Sometimes
the costs of exploration are just too high.
But I think as a profession we err toward
too much definition. As a result, we tend
to miss design opportunities to reduce
the costs of exploration.

Since BSY-2, I’ve been exposed to
enterprise-scale IT systems, which
require a different relationship to the
organization they support than products
(like tactical systems, design specs,
embedded controls, or shrink-wrap
packages) have to the company that sells
them.

DIFFERENT SITUATIONS
Different situations will require very

different performance from the develop-
ment system in terms of measurable
attributes like volume, scale, and cycle
time. Different situations will also
require different emphasis on adaptabil-
ity versus repeatability, control versus
communication, and so on. To be suc-
cessful, the development system has to
be profoundly different for each one.

Now that I’ve learned to recognize the
development system model, I’ve noticed
four more things:

• Any particular development system
is good at some things and bad at
others, which may or may not fit
what a particular project needs.

• The most important development
system performance measure for a
particular target system is situa-
tional.

• The mechanical requirements of the
development system are pretty eas-
ily addressed. How many defects
can we have and how quickly do we
have to do builds? The policy and
procedure issues are more subtle

and prone to dogmatism.
• Maturity approaches trade some

measures (throughput) for others
(repeatability).

Successful project managers don’t take
the development system as a given, but
rebuild it to provide what their project
needs. As a profession, we could all ben-
efit by explicitly considering the devel-
opment system we each have and how it
applies to the project at hand. We could
use tools and techniques from systems
development itself to define and charac-
terize the development system we need.
Successful project managers do this kind
of planning, in addition to the official
PERT/Gantt project planning. It’s part of
why they succeed.

I think most software engineering tech-
niques are really about changing the
performance of the development sys-

tem. A truly useful change to the devel-
opment system means it is useful in a
particular case on a particular target sys-
tem. In other words, we should measure
usefulness by what it takes to solve the
problem at hand, not by some arbitrary,
general universal problem. The tools
group and the embedded control team
I’ve described both abandoned known
good practices—and they were right to
do so in those situations.

Improving the development system
isn’t as simple as improving development
quality by reducing defects through
reviews. Reducing defects may come at
the price of fewer experiments or fewer
new values from a system. What’s it
worth, and what does it cost? ❖

James Bullock is Principal Consultant at
Rare Bird Enterprises, where he devel-
ops methods and models for building
successful systems. Contact him at 
jbullock@rare-bird-ent.com.
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