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HELP AVAILABLE FOR
PAPERS, ARTICLES,
AND PRESENTATIONS

If you're preparing a paper for publication or presentation out-
side Tektronix, the Technology Communications Support (TCS)
group of Corporate Marketing Communications can make your
job easier. TCS can provide editorial help with outlines, abstracts,
and manuscripts; prepare artwork for illustrations; and format
material to journal or conference requirements. They can also

help you “storyboard” your talk, and then produce professional,

attractive slides to go with it. In addition, they interface with
Patents and Trademarks to obtain confidentiality reviews and
to assure all necessary patent and copyright protection.

For more information, or for whatever assistance you may need,

contact Eleanor McElwee, ext. 642-8924. (1]

WRITING FOR
TECHNOLOGY REPORT

Technology Report can effectively convey ideas, innovations,
services, and background information to the Tektronix techno-
logical community.

How long does it take to see an article appear in print? That is a
function of many things (the completeness of the input, the re-
view cycle, and the timeliness of the content). But the minimum is
six weeks for simple announcements and as much as 14 weeks
for major technical articles.

The most important step for the contributor is to put the message
on paper so we will have something to work with. Don’t worry
about organization, spelling, and grammar. The editors will take
care of that when we put the article into shape for you.

Do you have an article to contribute or an announcement to
make? Contact the editor, Art Andersen, 642-8934 (Merlo Road)’
or write to d.s. 53-077. O
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UNDERSTANDING SOFTWARE
DEVELOPMENT COST ESTIMATION

Michael J. Demshki is a software engineer in the
Software Center, part of the Technology Group.
Michael joined Tektronix in 1982. He received the
MSE degree in software engineering from the
Wang Institute of Graduate Studies and the BS in
business administration from Colorado State Uni-
versity. Michael was employed by the Hewlett-
Packard Co. in Loveland, Colorado before gradu-
ate studies at the Wang Institute. He is co-author
of WICOMO, a software cost estimation tool.
M/chael has presented seminars on software economics and project
management to the Associao Portuguesa de Informatica in Lisbon,
Portugal.

This article identifies the objectives of software cost
estimation models, examines the fundamental assumptions
upon which these models are based, discusses model limi-
tations and use, presents two examples of models, and pro-
vides criteria for the reader to use in selecting a model.

Most software professionals have experienced the pressures of

trying to meet an unrealistic development schedule. It is not un-
common in the software industry for development schedules to

be underestimated by factors ranging from two for a “good” es-
timate to ten or more for a poor one.

After schedules are developed, it is often the software engineer
who bears the burden of trying to meet an unrealistic schedule
by working long hours, producing products that seldom satisfy
personal or professional standards. During this process, motiva-
tion and job satisfaction sulffer.

The effect of a poor estimate is not limited to those producing the
software. It ripples through the entire organization. If the software
is part of a larger product, then manufacturing, engineering, and
support schedules will be missed and budgets will be overrun.
For a stand-alone software product, the missed schedule means
resources will not be available as planned for other projects. As
the importance and demand for software increases, so does the
need for accurate development estimates.

Poor estimates result from industry-wide inexperience — software
engineering is still an emerging profession. Producing the next
unit of software is not like producing the next widget. There are
no well-defined units for measuring software project productivity
and quality. Human factors compound the problem. Software
development depends on human factors that are not understood
well enough to use in predicting resource requirements.

Today’s Estimating Techniques

The development schedule, while being very visible, is only one
component of a complete estimate. A complete estimate usually
states:

e Effort in units such as man-months, man-years, etc.
e Schedule in units such as weeks, months, or years
e Number of software professionals by life-cycle phase

e Costs in dollars

Estimated effort is the factor that must drive the estimate of the
other components. The effort estimate, in turn, must be driven
by the software product requirements and the development en-
vironment. There are many techniques used today to estimate
development costs; some are subjective, others objective.

Subjective Estimating

Most estimates are produced by the project leader using infor-
mal, subjective techniques. The subjective technique is usually
driven by two factors: software product requirements or project
constraints.

Requirements-driven techniques examine a set of requirements,
then, in the context of estimator’s own experience, best-guess
the time and personnel necessary. In the process of estimating,
the estimator may consult others and incorporate their experi-
ence into the estimate to increase his confidence in its accuracy.

Although requirements-driven techniques have the advantage of
combining past experience with present requirements, this ad-
vantage is offset by gaps in human recall. Almost invariably, pro-
ject records inadequately fill these gaps. They simply don't yield
accuate history associating resource requirements with actual
usage. The second problem is that the estimating logic is seldom
recorded. If ten people were to estimate the same project, you
would get ten different estimates. Furthermore, nobody would be
able to account for the discrepancies.

Other techniques are driven by project constraints, such as man-
power, dollars, and time. With constraint-driven techniques, the
estimator is given the software product requirements and the re-
quired completion date; these are absolutes, there is no estimat-
ing. The schedule has been fixed by factors independent of the
job, by the competition, or by other schedules. In such situations,
the estimator often lacks good, objective information to rebuff the
dictated schedule; therefore, he accepts it, contrary to his better
judgment.
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Objective Estimating

Less commonly used are objective techniques such as quan-
titative software-development-cost modeling. These techniques
predict resource requirements using algorithms and tables
based on past projects. The advantage of quantitative models
over the more subjective techniques is that identical inputs pro-
duce the same outputs every time. However, they have a disad-
vantage: They do not fully reflect the present project environ-
ment. Quantitative models heavily depend on historical data
and cannot easily incorporate new factors.

No software cost estimating technique is perfect; each has its
strengths and weaknesses (and some don't estimate at all). The
best estimating technique, then, is to combine subjective and
objective techniques that complement one another. Most peo-
ple are familiar with the subjective techniques, but software-
development-cost models have only recently become viable
alternatives.

Quantitative Software-Development-Cost Models

A quantitative model is an abstraction of a process used to ex-
plain its behavior. To make the process more easily understood,
models make simplifying assumptions about the process and
environment, thus removing less important factors and empha-
sizing those of interest.

Most software cost estimation models in use today were devel-
oped as early as the late 60s for use by those for whom accu-
rate estimating was vital: giant software contractors and hard-
ware vendors, many in defense work. For these companies,
understanding the elements that determine software cost was
crucial to their success.

More recently, software costs are an increasing percentage of
total system cost. This trend and the increased number of soft-
ware solutions have spurred software cost estimation into the
foreground. The Tek 1240 Logic Analyzer typifies the increased
incorporation of software into new products. Due to these trends,
cost estimation models are popular products for consulting firms.
For example, those who have provided development method-
ologies in the past, such as Yourdon, now provide an accom-
panying cost estimation capability.

With the proliferation of software-cost-estimation models and the
importance of controlling software development costs, software
professionals will soon be expected to select and use estimation
models knowledgeably. It is important to examine the fundamen-
tal assumptions on which these models are based and to know
the objectives and limitations of the considered model. We will
look at these factors and at two examples of models next. We
will also look at criteria that | believe to be useful in selecting a
model.

Objectives of Software-Development-Cost Models

Software-development-cost models have two primary objectives.
The first is to predict resource requirements. Models provide

an objective basis for economic analyses such as return-on-
investment, rebuff over-optimistic schedules imposed by the use
of constraint-driven techniques, and permit meaningful project
tracking and control.

The second objective of software-development-cost models is to
provide insights into the software development process. With
process insights, we should be able to identify problems earlier
and correct them, and analyze the effects of development tech-
nologies on the development process.

Model Fundamentals

This section will focus on factors common to the best-known soft-
ware models. These models are:

The 1965 SDC Model [Nelson, 1966]

The TRW Wolverton Model [Wolverton, 1974]
The Putnam SLIM Model [Putnam, 1978]

The Doty Model [Herd, 1977]

The RCA Price S Model [Freiman-Park, 1979]
The IBM-FSD Model [Walston-Felix, 1977]

The 1977 Boeing Model [Black, 1977]

The 1979 GRC Model [Carriere-Thibodeau, 1979]
The Bailey-Basili Meta-Model [Bailey-Basili, 1981]
The Boehm COCOMO Model [Boehm, 1981]
The Jensen JS-1 Model [Jensen-Fletcher, 1983]

A brief overview of these models (excluding JS-1) is presented in
[Boehm, 1981]. (Refer to the references for detailed descriptions.)

Quantitative models produce a software cost estimate by em-
ploying variables that are considered to predict development ef-
fort. Development effort is usually measured in man-months, man-
years, etc. The development cost of a system is arrived at by
assigning a dollar amount to each unit of effort, say man-months
(MM), and taking the product, i.e., Estimated Cost = dollars per
MM x Estimated MM.

The models imply that product size is the primary indicator of
effort needed to complete a software project. The models differ
somewhat as to which measurement of size most closely corre-
lates with required effort, for example, source instructions, ob-
ject instructions, number of routines. Most models, however,
use delivered source instruction as their measure of product
size [Boehm, 1981]. This conclusion is strongly supported by
studies of hundreds of software projects. These studies find a
strong correlation between the number of lines of source in-
structions and development effort [Walston-Felix, 1977], [Nelson,
1978], [Boehm, 1981].

The concept that men and months are not interchangeable is
also common in the models. This follows the finding of [Brooks,
1975]. While most models offer equations relating effort to de-
velopment time, no model offers a good explanation for the
relationship.

Using Models

Quantitative models were designed for, and work best with,
projects that follow the standard development life-cycle phases:
concept, specification, design, implementation, and evaluation
and verification (as defined in [Software Center, 1981]). Projects
that follow other approaches, such as rapid prototyping, require
adaption of the model to the approach.
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