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Structured
estimating —

A new approach
to a critical
project parameter

Improve your project software
cost estimates with a structured
estimating process.

By Gary Constantine and
William J. Vitaliano

M oving to a structured estimating process can
substantially improve the accuracy and qual-
ity of software cost estimates. The cost-estimating
process is crucial to major systems providers
because it has a significant impact on the profitabil-
ity of large programs. In the past, the process of
estimating software development costs has been
less-structured and has delivered variable results.
In recent years, however, many systems

Cost estimating — it’s in the numbers.
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providers have implemented a more formal process
in which standardized metric elements are used to
provide a quantitative basis for generating program
estimates. The accuracy of estimates has increased,
and the structured approach helps build increased
confidence in the accuracy of the estimating process
that simplifies downstream negotiations. The
method has been successful on two major projects.

The challenges

Large software projects present a complex esti-
mating challenge. The methodologies, languages
and standards used in the software development
process are constantly changing. Human ingenuity
has increased the difficulty of the measurement
process, sometimes with nearly the entire value
being added to the end results. Traditional bottoms-
up measurement methods vary widely in accuracy
because they depend, to a degree, on the skill and
experience of the estimator.

Another problem with unstructured approaches
is the lack of documentation created during the
estimating process. This makes it difficult to quick-
ly and reliably evaluate the inevitable changes and
concerns that occur during the negotiation process.

The limitations of previous approaches

The spreadsheets historically used to document
bottoms-up estimates have built-in limitations. A
major concern with spreadsheet models is that they
are vulnerable to errors whose likelihood increases
as the model becomes more complex. Something as
simple as entering the wrong formula in a cell could
change the final estimate by millions of dollars.
This type of error is difficult to catch because of the
difficulties in auditing a one-of-a-kind spreadsheet
model. Another problem with spreadsheet models is
that they provide a single-point answer that does
not normally take range-estimating into account.

To overcome these challenges, most systems
providers work with a variety of structured esti-
mating tools. The basic advantage of the structured
approach is that it provides a standardized method-
ology that uses historical data to refine the estimat-
ing process. Over time, as metrics used for generat-
ing initial estimates are calibrated to actual project
results, accuracy increases. The structured
approach also generates, as a byproduct of the esti-
mating process, phase distribution of effort and
scheduling information that can dramatically
improve the project oversight function. The impor-
tance of this effort increases as the size and com-
plexity of systems continues to grow and pressure
increases to minimize project costs.

Technology to generate estimates

Using structured estimating tools, the process
begins when the engineering members of the pro-
posal team develop a solution set for meeting the
requirements of the request for proposal. At this
point, the estimating members of the team begin
building the model by entering parameters that
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Figure 1. Element screen.

organize the costs in an understand-
able manner. An example of a typical
parameter is one that measures the
program’s level of formality. A manned
space flight, for example, requires a for-
mal program that adheres to military
standards so that high-level designs,
detailed designs and test plans can be
presented at standup presentations
that require a considerable amount of
preparation. The majority of military
programs, on the other hand, now use
high-grade commercial standards that
simply involve technical interchange
meetings demanding less preparation.

The program generates an estimate
for each phase of the project, organizing
the costs in any manner desired by the
project team. The transparency of the
estimate makes it possible for the pro-
ject team to easily consider its reason-
ableness and, if necessary, make adjust-
ments to the program parameters. An
advantage of this approach is that it
allows the user to enter probability lev-
els for each parameter. This makes it
possible to determine the impact of
changes in various program parameters.
The result is that the estimate includes
a most-likely value, as well as a range of
probable values based on the uncertain-
ty factors entered by the estimators.
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Model accuracy

Estimators typically use the model
for a rough order of magnitude esti-
mates, firm proposal estimates and
management evaluation of software
development activities. In most cases,
they consistently achieve a high level of
accuracy for proposal estimates. The
key to achieving these high levels of
accuracy is a comprehensive calibration
effort. The model is calibrated by evalu-
ating completed programs in which the
costs are known. The person who per-
forms the calibration interviews the
engineering lead on the program in an
effort to understand variables such as
the skill level of the developers
involved and the characteristics of the
project. A model is created to estimate
the program after the fact. This is an
iterative convergence process consist-
ing of comparisons between the model’s
parameter selections and resultant cost
estimate, and the real-world program
characterization and cost.

After calibrating a considerable num-
ber of programs, general trends start to
emerge. An awareness emerges about
the capabilities of an organization and
the requirements of its customers as
they fit into the continuum measured
by the model. The skill level of different
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groups can be compared within the
organization and trends such as an
increase in a particular group’s perfor-
mance can be identified as its members
gain more experience. This process is
critical to a successful structured esti-
mating program. By fine-tuning the
process it, is possible to dramatically
improve both the accuracy and consis-
tency of estimates over time.

The negotiating process

Much of the advantage of using struc-
tured estimating tools comes well after
the estimating process has concluded. A
characteristic of structured estimating
is that it delivers not simply a number,
but also a methodology that makes it
possible to trace exactly how the num-
ber was generated. The fact that esti-
mators can easily provide backup infor-
mation to explain the estimating
process increases the customers’ confi-
dence. In many cases, even after the bid
is accepted, the negotiating process may
continue. Furthermore, the model pro-
vides an audit trail and makes it possi-
ble to evaluate the impact of changing
program assumptions.

The model can also provide a frame-
work for evaluating the performance of
the project. Comparing actual results
with detailed model estimates can pro-
vide early visibility of problems and can
determine the resultant impact on the
overall cost and schedule of the pro-
gram. In certain cases, early results
from a program may cause estimators to
qguestion parameters used in creating
the model. In such a case, the model can
be quickly updated to factor in the effect
of changing early assumptions and
determining the impact on the overall
program budget and schedule. The
model can also assist management deci-
sion-making by enabling management
to compare the expected results of differ-
ent program management alternatives.

For example, the use of parametric
costing on a recent government propos-
al saved 1,000 hours and helped pro-
mote the use of less-expensive design
alternatives. In the past, one manufac-
turer has used the bottom-up and simi-
lar-to basis of estimate (BOE)
approaches to determine program
development costs. On a recent project,
in response to the government's cost as
independent variable (CAIV) initiative,
the firm tried the parametric costing
approach in conjunction with the BOE
approach. A commercial knowledge
base consisting of extensive industry
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data was used to estimate the develop-
ment and production cost of a new sys-
tem. The use of the knowledge base
saved a considerable amount of
research time and guesswork on the
part of the cost engineer and made it
possible to evaluate alternative
approaches on a much more timely
basis. The conclusion of the develop-
ment team was that the parametric

costing approach provided a useful
alternative to the bottoms-up and simi-
lar-to BOE approach that could offer
significant benefits in future programs.

The estimating challenge

The example OEM recently received an
invitation to bid on a government project.
A critical part of the proposal was devel-
oping an accurate development and pro-
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duction cost estimate. In the traditional
process, estimates of this type are pro-
duced by first breaking the system down
into its individual components, both elec-
trical and mechanical. The electrical hard-
ware components, which typically consti-
tute the bulk of the cost on Harris’ pro-
jects, are analyzed down to the individual
printed circuit board (PCB) level. At this
point, cost engineers search through pre-
vious programs to find similar boards that
were produced in the past. Once some-
thing similar is identified, the engineer
makes an estimate such as: “The PCB
used in the earlier project took 500 hours
to design. The one in the current project
will actually be a little easier. Let's esti-
mate the cost at 425 hours.” Because this
process is used so frequently, many major
government contractors have people dedi-
cated to collecting and organizing costing
data from previous projects.

The CAIV initiative

On the study under discussion, the
customer requested a different
approach. The motivation was not actu-
ally in saving time during the proposal
process but rather in reducing life-cycle
costs through the CAIV initiative. This
initiative involves a twofold process.
The first is a planning activity estab-
lishing and adjusting program cost
objectives through the use of cost-per-
formance analysis and tradeoffs. The
second component involves execution of
the program in a way that meets or
reduces stated cost objectives.

Early in the acquisition process, the
high leverage of CAIV-inspired
cost/performance/schedule tradeoffs
should shape the requirements and
proposed design objectives. Later, the
overall cost objectives can be allocated
to specific cost and system elements.
The bottoms-up and similar-to BOE
approach is not conducive to CAIV
methods because it takes so long to
compare alternate design approaches
from a cost standpoint. That's why the
customer suggested that a parametric
costing approach be used on this project
in support of the standard approach.

Engineers examined several types of
software packages that use the paramet-
ric costing approach. All of these pack-
ages provided estimating software and
knowledge bases built on extensive real-
world data and expertise. The engineers
selected programs called SEER-H and
SEER-SEM, primarily because they felt
that its interface is more intuitive and
easier to use. This software package
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Figure 2. High level project overview.

reduces the learning curve by avoiding
the use of less-than-obvious adjustments
to present the estimating objective more
clearly. It also bases the price of individ-
ual PCBs on their number of components
rather than on their weight, an approach
that usually provides more realistic
results. The program is sensitive to the
difference between mechanical and elec-
trical elements as well as costs between
labor and materials. It provides databas-
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es that are compiled from thousands of
real-world projects to help make accu-
rate estimates. Finally, it provides many
tools that allow users to assess risks,
make trade-offs, perform sensitivity
analysis and create technology forecasts.

Developing the parametric model
The proposal team started by devel-

oping the systems architecture, includ-

ing defining the input, processing steps
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Figure 3. System overview and cost estimates.

66

Defact Profile }

HAECE

(AR T E EEEE R
remy Ednrer w rdn

www.rfdesign.com

and output. Throughout the process,
the cost engineer worked closely with
the project team to develop a good
understanding of the system at a high
level. This is an essential part of the
costing process. It helps the cost engi-
neer comprehend the requirements of
the system fully, so they are satisfied in
making tradeoffs that may be required
from a cost standpoint as the project
moves further along. During this peri-
od, the cost engineer also began con-
structing the parametric model by
entering high-level systems data into
the software package.

As the proposal matured, the elec-
trical systems engineers and software
engineers diagrammed the system and
the cost engineer began adding more
detail. The cost engineer used the soft-
ware tools to describe each component,
identify its quantity, material compo-
sition, design and manufacturing
processes involved. At this level, the
SEER-H model began predicting
recurring and nonrecurring develop-
ment and manufacturing costs by
identifying similar components from
its database. While SEER-H is primar-
ily designed to model the development
process, it does include manufacturing
cost estimation capabilities that are
usually sufficient for low production
programs. If higher quantities will be
produced, then it would probably
make sense to also develop a design
for manufacturing-type models such
as SEER-DFM.

Alternative cost comparisons

As usual, the proposal development
process involved a continuing series of
changes and tradeoffs. The cost engi-
neer stayed involved with the project
and continually updated the model to
reflect the latest thinking of the design
team. The use of the parametric
approach made it possible to provide
near-real-time feedback about the team
on the effect of choosing various options
for the development and manufactur-
ing costs. Using the conventional cost-
ing methodology approach, the lengthy
period of time required to develop new
cost estimates means that a consider-
able amount of effort may be put into
design approaches that will later be
ruled out from a cost standpoint.

The cost engineer included higher
level costs (costs for the program man-
agement office) as a common factor
that was automatically allocated to var-
ious elements of the project. This saved
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the need for what would have other-
wise been a series of time-consuming
calculations. The model also sped the
development of productivity curves that
estimated the rate at which manufac-
turing costs could be reduced during
the life cycle of the project. Whenever
the design was changed, these curves
were automatically updated based on
assumptions that had been entered

previously, eliminating additional man-
ual calculations.

The results: time-savings

The parametric cost approach saved a
considerable amount of time on this pro-
ject. The database provided by the soft-
ware is more comprehensive than the
existing project library. The software
automatically selects appropriate histori-
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cal projects, eliminating the time previ-
ously spent searching through the library.
The software also removed the need for
the cost engineer to create and maintain a
complicated spreadsheet. However, there
is still a need to capture, analyze and
organize cost history data to calibrate,
and if necessary, validate the model.
Finally, the program can automatically
generate a range of reports, including all
of those that were needed on this project.
The team also used the parametric results
to perform engineering and management
reviews of the cost data The result was a
substantial time-savings — about 1000
hours of cost engineering support were
saved using SEER tools.

At the same time, engineers involved
in the project believe that the quality of
information provided by the parametric
approach is superior to the conventional
method. The capability of the program
to quickly evaluate the cost of alternate
approaches saved considerable time
during the proposal process by provid-
ing information that guided engineers
toward a cost-effective approach sooner
than without the process. The ability of
the parametric costing approach to
allow consideration of cost from the ear-
liest possible stage of the design process
is the primary reason why the govern-
ment is encouraging its use and, based
on the experience of this project, it
works. Because this was the first use of
this parametric model approach, a com-
parison was made using the convention-
al estimating approach at the end of the
project and the results matched closely
(within 7%).

The parametric approach is clearly
an effective alternative that should be
considered on larger projects with a
high magnitude of nonrecurring devel-
opment and manufacturing expenses.
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