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In my last column, I poked fun
at situations that can cause complexity
problems in chip design. Although spot-
ting such problems is relatively easy, the
real challenge is identifying strategies for
reducing complexity and achieving design
convergence. To begin, it is important to
define complexity-effective design. I like
to define it as a design that

• embraces a relatively small set of
overriding design principles and
associated mechanisms, and

• has been ruthless in collapsing
unnecessary complexity into these
more fundamental and elegant
mechanisms.

Basically, this means that you are very
explicit about what goes into the design,
and that you are committed to a rigorous
refinement process. You carefully choose
what design features to invest in and then
become ruthless in collapsing other
potential features in ways that make use
of these investments. Rather than
indulging in many small, low-cost, some-
what-useful features, you remain focused
and say, “No, we’re not going to do that.”
Instead, these features must fit within
one of the existing mechanisms, even if it
means a somewhat less-than-optimal
implementation of that feature. (Remem-
ber, the fundamental mechanisms that
you’ve already chosen are based on the
most important requirements for the
design.) It is interesting to note that to the

extent the design can support these new
features, folding them into the existing
framework actually furthers the value of
the original design investments.

And so, the question remains, How do
you do this? How do you choose what is
most important? And, what’s the process
you use to collapse unnecessary com-
plexity? Obviously, there is no set formu-
la, but the following development
philosophies have proven helpful in pro-
jects that I have led.

Understanding requirements
Today, more than ever, you don’t just

set out to design a chip, you set out to be
part of a product development. Each prod-
uct has some higher-level, first-order
requirements that should strongly influ-
ence all the components that make up
the product. Before architects begin dis-
cussing the nature of a particular chip or
the mechanisms within it, they must
understand these first requirements. It
should be clear that missing key require-
ments can jeopardize the entire project,
but it is also true that taking on unneces-
sary ones will increase complexity and
jeopardize the project in other ways.

Furthermore, these first requirements
are critical for early identification of the
fundamental design principles and priori-
ties for the design. As described earlier,
appropriate selection of these fundamen-
tal design principles is important in man-
aging complexity because the lower-level
design details must build upon the frame-

work set up by these principles. Similarly,
these requirements help to formally
define the project priorities. It is very
important to know the relative importance
of factors such as scheduling, perfor-
mance, cost, and power, to name just a
few (and, no, they can’t all be the first pri-
ority). Later, when the inevitable conflicts
arise, the design team should be able to
call on these established priorities to make
the correct calls. By getting these things
right early on and sticking with them, the
project has an excellent chance of staying
centered, even when some of the lower-
level requirements are in motion.

For example, on the Power4 project at
IBM, one of the primary requirements
was to build a family of powerful server
systems—not just a powerful micro-
processor. As a result, it became clear
that working out the system architecture’s
structure, scalability dimensions, and
multiprocessing support was far more
important in the project’s early days than
optimizing details of the microprocessor.
In the end, my colleagues and I did devel-
op a very powerful microprocessor. But
as a clear indication of the weight of these
first requirements, it is interesting to note
that we implemented two microproces-
sors on the chip instead of a single more
powerful one.

Staged development process
Once all the stakeholders understand

and agree to the requirements and prior-
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ities, you want a design process that
helps manage the complexity creep that
typically occurs during design. To do this,
you want a staged development process,
broken into phases. The phases should
have milestones between them that call
for the production of very specific items.
These milestones and deliverables serve
as forcing functions, driving the formalism
and rigor of the design. Each phase has a
theme, and progress through these phas-
es serves to simultaneously confirm that
everyone understands the requirements
and that the design is indeed feasible. At
the same time, working through these
phases builds the leadership team and
structures the design for a successful
development.

Concept
The first phase, called the concept

phase, is an opportunity to explore vari-
ous possible design concepts that might
be appropriate. It should be staffed with a
small set of people who will ultimately be
the project’s key leaders. This group
should simultaneously explore design
concepts, understand past successes and
failures, understand competitors, talk
with customers, and refine the design
requirements. By the end of this phase,
you are really trying to achieve two goals:
First, the group should have selected the
design concept that best matches the
requirements. Second, the project lead-
ers should have agreed on an organization
and share a common vision for the pro-
ject. Teams sometimes overlook this sec-
ond goal, but I believe it is especially
important in the long haul because these
are the people who will drive the design
to completion.

High-level design
The next phase is called high-level

design, and the theme here is “measure
twice, cut once.” At this point, you want to
have brought in more of your team lead-
ers and key engineers—the people who
will ultimately own the design—but not
the whole team. You start with the con-
cept design, and the leadership team

refines that down to a set of fundamen-
tal structures and mechanisms. You want
the leaders to really think through the
design by drawing data flow diagrams on
paper, writing performance models, par-
titioning functionality, budgeting
resources, and defining the interfaces
between subunits in the design. In many
cases, it is actually desirable to have
designers prepare two or three design
alternatives for important sections before
selecting the one that best matches the
design’s overall philosophy. Instead of
accepting a collection of disconnected
complexities, you spend time with these
design alternatives, turning them into
something more elegant by lining them
up and making sure they fit together well. 

Although some methodology trailblaz-
ing is usually appropriate, you really want
to avoid committing any of this design
work into the design system at this point.
The time and effort invested during this
phase is important for several reasons.
First, it allows team leaders to grasp the
overall design and learn how to commu-
nicate it before actually attempting to
implement any of the individual pieces. In
effect, this prepares them to become bet-
ter and more-informed leaders for when
the bulk of the team begins work on the
implementation. Second, this phase
structures the design and flushes out
many of the interunit issues much earlier
than in a traditional design flow. This early
identification enables more thoughtful
and elegant solutions, and also makes the
overall back-end schedule more pre-
dictable. In the end, it is my experience
that although this is an expensive invest-
ment in time, it is well spent and leads to
better design decisions all around.

Implementation
The final presilicon phase is imple-

mentation. Presuming that team leaders
did a reasonably good job during high-level
design, the path through implementation
to design closure is really only a matter of
time and resources. Of course, new
details and issues will emerge, but the
design should be on a solid enough foun-
dation to absorb many of these changes

without significant disruption. The second
time you do something, it is always much
easier and, in some sense, the imple-
mentation phase represents a second
time around on the design. Your team
members are already immersed in the
design concepts, so they are more effi-
cient in dealing with bugs, timing, test,
power, and other physical design con-
straints.

In the interest of space, I have greatly
oversimplified all of these phases—espe-
cially the implementation phase. The
process of verification and design closure
is enormous, but rather than attempting
to treat those subjects in this column, I
will wait for the next one, tentatively
called “Getting it right.”
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