
YOU RUN A GOOD SOFTWARE DEVEL-

opment shop. You validate your sys-
tem design with reviews. You in-
spect your code and test the finished
product, using a carefully specified
test set. Still, you sometimes uncover
a defect so serious and so fundamental that you have to start
over from scratch, wondering “What were we thinking?”

Perhaps it’s time to take a closer look at your architecture. Much like civil (build-
ing) architecture, systems architecture provides a conceptual design solution to a
specific problem. Think of your systems architecture as a picture, or rendering, of
what a successful project would look like. A good architectural design addresses all
of the problems associated with a project, from cost to client needs. The architectur-
al design of a project forms the basis for key decisions about problem and solution,
function and form—the decisions that determine what will emerge from the subse-
quent steps of design, coding, and testing. The payoff of testing architecture through
reviews is therefore potentially huge. 

Lucent Technologies (formerly AT&T) was quick to recognize the importance of
testing architecture. In the late 1980s, Jim Holtman and Joe Maranzano started de-
veloping peer review processes specifically for test-
ing systems architecture. After eleven years and
more than 500 reviews, Lucent’s Systems Architec-
ture Review Board (SARB) offers a family of
processes for testing the architecture of new prod-
ucts, integrated offers, reusable platforms, and
third-party products.

Implementing formal architectural reviews in
your own organization will improve your projects’
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chances of being fully successful by iden-
tifying which strengths to preserve and
what issues to address. These reviews
will also improve the overall quality of
your company’s architecture. You will be
able to educate management and archi-
tectural practitioners on common
strengths, typical issues to avoid, and
lessons learned. 

Understanding Architectural
Review
Civil architects taught us to view archi-
tecture as a solution to a problem for a
client. You begin with your client (who
has financial responsibility for the suc-
cess and control of the development bud-
get). You develop a solution that will ad-
dress the client’s specific problem. This is
your architecture. Now how do you test
it? Follow these three steps:

■ Decide what and when to test

■ Establish success criteria

■ Make decisions based on your findings

Decide What and When to Test
Architecture has few concrete elements.
It’s hard to know when to test it. Code
inspections look at source code. Design
reviews examine models and interface
specifications. When you review architec-
ture, what artifact can you examine? An
architecture document? Architecture usu-
ally exists more in the minds of architects
and developers than on the pages of a
document. A single document rarely cap-
tures all the attributes that determine
success or failure. Many documents con-
tain implementation details that get in
the way of validating the architecture.
Document reviews also risk focusing on

the form of the document
rather than the product archi-
tecture it describes.

At Lucent, we solved this
problem by reviewing architec-
tures in the form of an interac-
tive oral presentation by archi-
tects and developers, using
everything from blackboard
sketches to formal slides to a
guided tour of the architecture’s
important aspects. This interac-
tive approach allows the re-
viewers and architects to jointly
uncover and evaluate what is
truly critical to successfully
solving the stated problem. By
making the presentation inter-

active and fluid, you can review architec-
ture as soon as the architects believe they
understand the overall direction, even if
it’s only in the form of a chalk-talk and a
few transparencies. 

One benefit of testing system architec-
ture is that you can make major changes
of design direction, technology choices,
and even requirements at this stage of de-
velopment. So whenever possible, you
should validate architecture before sign-
ing contracts or making public an-
nouncements that make specific commit-
ments about dates, cost, or technology.
This is particularly true if the product is
highly innovative, since the review could
uncover a need for significant change. 

There is no single “correct” answer to
the question of when to test architec-
tures. As a general rule, earlier is better,
but the appropriate time depends on the
project culture, the larger process and en-
vironment, and the actions that the proj-
ect team will take in response. For exam-
ple, if the architecture is tested as part of
a staged-gate process in which go/no-go
decisions are made, then the review must
be conducted before the appropriate
“gate” and the findings furnished to
those making the decision. We have
found that the best guideline is simply to
choose what works for the particular
project team.

Establish Success Criteria
Before your review team can determine
whether a proposed architecture will be
successful—that is, solve the stated prob-
lem for the client—your team must have
a clear definition of success.

We believe, again taking a page from
civil architects, that an architecture re-
view should start with a clear statement
of the architectural problem—a few

pages that clearly define what “success”
means for this system. The review team
uses this problem statement as the crite-
ria to test the system architecture. This
problem statement must capture the key
aspects of 

■ What the project must do (functions
performed and what it means to do them
well)

■ What the project must be (any con-
straints on form: for instance, fit to the
existing environment, any technologies
required for compatibility)

■ What economic constraints exist (in-
clude what your costs will be: develop-
ment effort, calendar time, cost of goods
in the finished product, for instance)

■ How the system must relate to past,
present, and future (backward compati-
bility, schedule needs, future extensibility)

The problem statement should stress the
unique elements of the problem and not
dwell on things that are common to all
systems of this type.

The requirements document cannot
function as a problem statement, because
the architectural approach should be val-
idated before the majority of require-
ments are written. Consider a traditional
requirements document: most of the re-
quirements concern what it means to
correctly implement elements of an appli-
cation. These are architectural or even
implementation decisions, not criteria
driving the decisions. A problem state-
ment is a valuable part of any develop-
ment, and you should write one whether
or not you are planning a review.

To ensure agreement from key stake-
holders, the client, the architect, and the
development manager should approve
the problem statement. In some cases it
may also require signoff from customer
representatives, systems engineers, and
others who have a stake in the solution. 

Make Decisions Based on Your
Findings
When code inspections find defects in the
product, the project team changes the
system as needed so that it passes a re-in-
spection. What do you do when you find
defects in the architecture? Defects can
range from 1) the proposed system does-
n’t solve the stated problem, to 2) it can’t
be developed at a profit, to 3) it can’t be
built at all. This great variety of issues
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leads to a variety of possible responses,
ranging from small technical changes, to
renegotiating requirements, budgets, or
schedules, to starting over with a differ-
ent approach to solving the problem. On
rare occasions, the most sensible re-
sponse is to cancel the project quickly,
before any more money is spent.

Some of the responses—particularly
those that lead to changes in require-
ments or schedule, or to outright cancel-
lation of the project—are clearly outside
the scope of the technical team and must
be resolved by the project’s client, who
controls funding and schedule. 

Implementing the Process 
On the surface, Lucent’s architecture re-
view process is quite simple. The project
team presents the architectural problem
to be solved and its proposed solution to
a review team made up of independent
experts in relevant disciplines. During
these presentations, the reviewers ask
questions, raise issues, and record
strengths. Following the presentations,
the review team presents its findings to
the project team, then writes a report and
any necessary letters to the client.

But this apparent simplicity is decep-
tive. The review meeting is part of a
process involving significant preparation
and follow-up work. 

Prepare for the Review 
At Lucent, preparation for a review be-
gins when the project contact (the proj-
ect’s working-level representative) asks
the review coordinator (the SARB’s
working-level representative) to set up a
review. Aside from logistics and book-
keeping (picking dates, reserving confer-
ence rooms), there are two key activities
in the preparation phase: write the
problem statement and staff the review
team.

The problem statement is as de-
scribed earlier—a short (one- to four-
page) definition of success for this proj-
ect. It must be clear enough that the
review team is comfortable using it as
the standard for testing the architecture
and prioritizing issues. The problem
statement may be one of the most valu-
able things you produce in the process of
having a review, so it’s important not to
rush. Project teams seldom produce a us-
able problem statement on the first try;
it usually requires several iterations by
the review coordinator and the project
contact before the problem statement is
complete. Do not commit to a review

date until you believe the problem state-
ment is adequate, and the key stakehold-
ers listed above have signed off to indi-
cate their agreement.

While the problem statement is being
refined, the review coordinator begins
assembling a team. This team should in-
clude an angel, a leader, and several re-
viewers. An angel is a SARB member (a
manager) who is not associated with the
project (or any potentially “rival” proj-
ect) and is willing to provide the inter-
face between the review team and the
project’s management. A re-
view leader is a technical
person, trained in the SARB
process and facilitation,
who leads the review meet-
ing and is responsible for
writing the review report.
Several reviewers complete
the team. These people,
who are internal technical
experts (or outside consul-
tants, when special exper-
tise is needed), examine and
validate the architecture
during the review meeting.

Most (if not all) of the
review team members have
regular jobs on other proj-
ects. They will have to take
a few days away from that work in or-
der to serve on the review team. The re-
view angel may need to negotiate with
the appropriate managers to help free
them up from regular work so that they
can participate in the review. 

A good review team will include ex-
pertise in the following:

■ Design General design expertise,
and expertise in the specific approaches
being considered for the solution.

■ Technology Reviewers familiar
with the classes of parts and tools being
proposed and with specific parts and
tools planned for the architecture (e.g.,
an Oracle expert, if that’s the database of
choice).

■ Management At least one project
manager from an unrelated area. If the
project is using a new “breakthrough”
methodology (e.g., XP), look for some-
body with experience in managing within
such a method. If the project is using
third-party components (especially if no
other projects are using these compo-
nents), try to get somebody with experi-
ence in vendor management.

■ Domain knowledge Reviewers
with knowledge of the general class of
application, experience with systems of
this type, and expertise in such attributes
of success as performance, reliability,
maintainability, etc. In some companies
there are specific organizations working
in these areas; they can be an invaluable
source of reviewers.

■ General knowledge It’s always
good to have one “wild card” reviewer,
somebody with a good overall grasp of

architectural principles and the willing-
ness to ask questions that might seem a
little off-the-wall. 

The size of the team will vary from one
review to the next. When reviewing small
projects, be sure the review team doesn’t
outnumber the project team. Some re-
viewers can cover many areas, and de-
pending on time availability and the size
of the review team, the angel and the
leader may also serve as reviewers.

Schedule a Pre-Review Meeting
About a week before the review itself, the
project members and the review team
meet to briefly go over the problem state-
ment, the review agenda, and the ground
rules for the review meeting. The project
team distributes any background infor-
mation that they believe will be useful in
preparing for the review. Project mem-
bers and reviewers from other locations
usually attend this meeting by phone.
This “pre-review meeting” is most im-
portant for first-time project teams and
reviewers, but is useful for everybody.

Conduct the Review Meeting
A typical architecture review meeting
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takes two to three days. Most of this time
is spent in presentations by the project
team, describing the architectural prob-
lem and its proposed solution. While re-
view agendas vary depending on the
project’s purpose and organization, the
review should always begin with the
problem statement. This helps provide a
common understanding of what the proj-
ect means by “success.” Then there is
typically an overview of the proposed so-

lution, followed by more detailed presen-
tations on the various “ilities” (reliability,
maintainability, and so on). A brief
overview of the project plan usually con-
cludes the presentations. 

Throughout the presentations, re-
viewers ask questions and record issues
and strengths on snow cards—big paper
cards that are hung on the wall during
breaks. This seemingly low-tech ap-
proach has important benefits. First, a
hundred or more cards on the wall, each
with one thought or observation, convey
far more information than will fit on a
sheet of paper or a computer screen. Sec-
ond, they help assure safety for the proj-
ect team. Since the observations and is-
sues are up on the wall for everyone to
see, the project team will feel that there is
no hidden agenda; no secret inquisition.
Instead, any issues are clearly stated and
in the open.

After the presentations, the project
team takes a well-deserved break and the
review team convenes for a two-hour
caucus. This is where the “magic” hap-
pens. The reviewers organize the cards by
functional categories (requirements,
management, performance, reliability,
administration, interfaces, and so forth)
and severity. They then create an overall
assessment of the project’s chances of

success and a set of key messages to the
project team. When the review has pro-
duced a very large number of snow cards
(there are sometimes 200 or more), the
task of organizing them and extracting
the key messages is a real challenge, re-
quiring a review leader well versed in
both facilitation and storytelling.

After the caucus and a short break,
the project team returns for the readout.
During the readout, the reviewers deliv-

er the overall assessment,
summarize the most impor-
tant strengths and issues, and
receive feedback about the re-
view from the project team.
We encourage project teams
to invite their clients to the
readout (either in person or
by telephone), so that the
manager who is responsible
for the project’s success gets a
first-hand description of the
strengths and issues.

Follow-Up
The follow-up phase, which
begins immediately after the
readout, ensures that the valu-
able information uncovered

during the review is properly recorded
and acted on. Following are some exam-
ples of follow-up activities at Lucent.

The snow cards themselves are a gold
mine of useful information. After the re-
view ends, we number them, take them
down, type them, and send them to the
project team, usually within a day or
two. Within two weeks, the review team
produces a review report containing the
snow cards, the overall assessment, and
more detailed write-ups of the key issues
and strengths. 

If our review team finds issues that it
believes must be immediately addressed
to prevent project failure (what we call
“management alert” issues), the leader
and the angel immediately compose a let-
ter to the project’s client, describing the
issues and asking for an action plan.
Within six weeks the leader, angel, proj-
ect contact, client, and other key parties
discuss this action plan in a conference
call. This follow-up call closes the loop
and helps to assure that the project takes
action to address the issues.

One or two months after the review,
the angel delivers a short, confidential re-
port to the SARB meeting. The report
presents the assessment and key issues
found in the review, as well as lessons
about the review itself, to help the SARB

refine and improve the validation process.
Finally, the SARB analyzes results

from many reviews, searching for
lessons that can be shared throughout
the company’s architecture community.
They prepare an annual report giving a
statistical breakdown of issues by type
and severity, create “white papers” for
management with recommendations for
company-wide improvement, and (with
the approval of the project teams) use re-
view findings in an internal workshop
for developing and educating systems
architects.

Before You Try This at Home
By now you may be convinced that ar-
chitecture reviews make a whole lot of
sense for your organization. Before you
try this at home, understand that we’re
talking about a kind of culture change,
which means it will likely be a long bat-
tle. Corporate cultures change slowly—
there will be setbacks as well as success-
es—so a long-term commitment is
critical. 

You may encounter three major chal-
lenges when introducing architecture val-
idation. The first is the cost/benefit for
the project team: The project team must
spend time and effort preparing for, con-
ducting, and responding to the review.
You may face significant resistance to in-
troducing this additional cost and time
into a project phase that already seems to
produce little tangible product.

Then there is the matter of the cost to
the reviewers: A successful review re-
quires the time and attention of recog-
nized experts. If they are outside consul-
tants, somebody must pay their fees; if
they come from elsewhere in the compa-
ny, somebody must authorize taking
highly valuable people away from their
regular work.

Finally, we must pay attention to proj-
ect team safety: The architects and devel-
opers must feel safe enough to give full
and complete information. Since it’s rela-
tively easy to cancel a project or ap-
proach in the architecture stage, people
may fear for their reputations or their
jobs if the architecture is seen as flawed. 

In our eleven years of performing ar-
chitecture reviews, we’ve learned these
lessons about introducing the practice:

1. Combine executive and grassroots
support. The top and bottom layers of an
organization tend to embrace change,
while those in the middle prefer stability.
Therefore, try to find at least a large-divi-
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sion manager or chief technical officer
who will support a trial of reviews, and a
small group of highly respected architects
and developers who support the idea.

2. Establish and maintain self-reinforc-
ing support. The Systems Architecture
Review Board is a group of managers,
largely mid-level, who oversee the re-
view process. SARB members partici-
pate in reviews as angels, leaders, re-
viewers, or owners of projects being
reviewed. This overlap in roles creates a
self-reinforcing system: when one mem-
ber requests a review, the others volun-
teer their best people as reviewers, be-
cause they will eventually request
reviews of their projects and want the
same. We keep the Board engaged and
enthusiastic through regular meetings,
special presentations, and opportunities
to meet with executives.

3. Recognize contributors. Regular
recognition of those who serve on review
teams makes the point that participation
is a privilege rather than a chore. This
recognition can take the form of letters to
management, which go into the perma-
nent personnel files, or annual luncheons
at which all team members are individu-
ally recognized. At Lucent, we recognize
the SARB members, sponsoring execu-
tives, staff who manage the process, and
the many technical people who serve as
leaders, angels, and reviewers.

4. Create a safe environment for project
team and reviewers. Set a number of
ground rules to assure this.

■ Protect individuals from blame and
retribution. The Board and the review
angel are responsible for assuring that
project members and reviewers are not
blamed or punished for anything they
say in a review. 

■ Keep no secrets from the project.
Everything happens in plain sight. Issues
and concerns go up on the wall of the
conference room, a project team repre-
sentative is invited to sit in as the review
team formulates its report, and the proj-
ect team receives a complete copy of
everything created during the review.

■ Treat all findings as confidential.
While trends and general lessons are
shared across the architectural communi-
ty, specific review findings are reported
only to the project team (including its

client) and the Board. Reviewers don’t
discuss the project outside the review,
and the written report is the sole proper-
ty of the project team.

■ Be a partner, not a policeman. The
SARB has no enforcement powers; it
cannot cancel a project or force a change
in its architectural direction. Architecture
reviews provide information; it is up to
the project team to decide what to do
with it. Sometimes the appropriate re-
sponse is to accept an issue and proceed.

5. Start small. Attempt one or two re-
views at first, searching for project teams
who are comfortable trying new process-
es that could improve their quality. Call
in some favors to get the most respected
people as reviewers. Pay particular atten-
tion to safety right from the start. 

The Payoff
Executives and Chief Technical Officers
think in terms of the bottom line, so it’s
important to understand the value and
cost of validating architecture before go-
ing on to design and coding. Reviews pro-
vide value to the business in many ways:

■ Reduced development effort and inter-
val: The most costly defects are the ones
introduced by the architects but discov-
ered by the customers. Testing the archi-
tecture helps find these mistakes shortly
after they are made, while they can still
be fixed quickly and cheaply.

■ Higher product quality: Like any vali-
dation process, architecture testing re-
duces customer-found defects.

■ Lower product cost: Early examina-
tion of architectural decisions can greatly
reduce overall product cost, especially
for embedded systems where hardware
cost is key.

■ Faster, less costly product evolution:
Verifying the architecture’s ability to
evolve saves time and money in future re-
leases.

■ Company-wide learning: By sharing
the knowledge that reviews generate, the
company can improve its overall level of
expertise.

The primary cost of testing architecture
is time spent by the project team in
preparation, and time spent by the re-
view team in meetings and follow-up.

Preparation time is not really a cost, as
all the materials needed for an architec-
ture review should be created as a part of
the normal development cycle.

As a rough estimate, consider what
fraction of your projects have an error
leading to some form of “restart” during
design, coding, or testing. Calculate what
you’d save in development if you’d found
those mistakes before the first line of code
was written or purchased. This savings
alone is probably sufficient to make the
economic case for testing architectures
through reviews—in our experience, the
average review pays back at least twelve
times its cost. In many cases, for instance
when the review helps the project reduce
its interval and meet a market window,
the payback is even greater.

To sum up, in our eleven years of soft-
ware and system architecture reviews at
AT&T and Lucent, the Systems Architec-
ture Review Board has had a significant
impact on the effectiveness of our archi-
tecture processes and the quality of our
architectural products. It has not always
been easy—a review process can repre-
sent a major change in the development
culture—but we believe that the payoff is
enormous, and that early, independent,
and impartial validation of software ar-
chitecture is one of the most important
quality control activities a software com-
pany can do. STQE
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