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Prof. Barry Boehm’s life work is full of contributions to the software engineering and systems engi-
neering disciplines. This article presents Prof. Barry Boehm's work in the context of the giants on
whose shoulders he stands as well as the people he has mentored to carry on his work. Much of Prof.
Boehm’s work described in this article focuses on his key contributions to the software and system
development industries, as well as from the perspective of the enduring legacy he has established
with his industry affiliates and students.

Introduction

In the 17th century, the French painter Nicolas Poussin produced a painting of two char-
acters looking into the horizon searching for the rising sun. One of the characters, Orion,
was a blind giant and therefore needed help from the second character, Cedalion, who was
a dwarf but could see in the distance (Merton, 1965). This painting became the inspira-
tion for the expression “to be able to stand on the shoulders of giants.” In 1676, Sir Isaac
Newton similarly remarked in a letter to his rival Robert Hooke in discussing experiments
in optics:

What Descartes did was a good step. You have added much several ways, and
especially in taking the colours of thin plates into philosophical consideration.
If I have seen a little further it is by standing on the shoulders of Giants.

In many ways, Prof. Boehm has been a giant that has helped others see further, thanks
to his leadership and mentorship. Though his industry affiliates, he has influenced how
organizations develop software-intensive systems, helping them to better plan and execute
successful systems. In addition, over thirty doctoral students at the University of Southern
California have established their own intellectual pursuits by building on Prof. Boehm’s
research.

This article provides a review of Prof. Boehm’s academic genealogy to show the gen-
esis of his work, and discusses some of his major contributions to systems and software
engineering, then elaborates further to show how he continues his work through on-going
collaboration with his own academic offspring.
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Prof. Boehm’s Academic Genealogy: Looking Back to 16th-Century Europe

As mentioned above, Prof. Boehm’s academic genealogy can be traced back to mathemati-
cians whose inventions have inspired generations. Prof. Boehm’s Ph.D. is in mathematics
from the University of California Los Angeles in 1964. Using information from the mathe-
matics genealogy project (American Mathematical Society), we were able to determine that
his advisor, Elliott Ward Cheney, Jr., obtained his Ph.D. from the University of Kansas in
1957. Continuing this search, Cheney’s advisor, Robert Schatten, received his Ph.D. from
Columbia University in 1943. We can trace this lineage of mathematicians back to around
1500 when Nicolaus Copernicus received multiple doctorate degrees from universities in
Poland and Italy. In between are several famous names such as Leibniz, Poisson, Lagrange,
and Bernoulli, who established the field of modern mathematics with their contributions
in partial differential equations, number theory, and fluid mechanics. The partial lineage is

provided in Table 1.

Many of the influences from the mathematics heritage are evident in Prof. Boehm’s
own work and will be highlighted in the following section.

Key Technical Accomplishments

Prof. Barry Boehm’s life work is full of contributions to the software and systems engineer-
ing disciplines. Many of these contributions resulted from observations of failed projects

TABLE 1 Prof. Boehm’s academic lineage

Name Degree Granting Institution (Graduation Year)
Barry Boehm University of California Los Angeles (1964)
Elliott Ward Cheney, Jr. University of Kansas (1957)

Robert Schatten Columbia University (1943)

Francis Joseph Murray

Bernard Osgood Koopman

George David Birkhoff

Eliakim Hastings Moore

Hubert Anson Newton

Michel Chasles

Simeon Denis Poisson

Joseph Louis Lagrange

Pierre-Simon Laplace

Leonhard Euler

Johann Bernoulli

Jacob Bernoulli

Nicolas Malebranche

Gottfried Wilhelm Leibniz

Erhard Weigel

Philipp Miiller

Christoph Meurer

Moritz Valentin Steinmetz

Georg Joachim von Leuchen Rheticus

Nicolaus (Mikotaj Kopernik)
Copernicus

Columbia University (1936)

Harvard University (1926)

University of Chicago (1907)

Yale University (1885)

Yale University (1850)

Ecole Polytechnique (1814)

Ecole Polytechnique (1800)

Universita di Torino (1754)

Unknown

Universitit Basel (1726)

Universitit Basel (1694)

Universitit Basel (1676)

Unknown (1672)

Universitit Altdorf (1666)

Universitit Leipzig (1650)

Universitit Leipzig (1604)

Universitit Leipzig (1582)

Universitit Leipzig (1550, 1567)

Martin-Luther-Universitit Halle-Wittenberg 1535

Uniwersytet Jagielloriski/Universita di Bologna/
Universita degli Studi di Ferrara/Universita di
Padova (1499-1503)
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as well as efforts to make better those engineering practices and tools that showed promise.
In addition, Prof. Boehm has often showed us how to use existing tools, theories, and prac-
tices in new ways or to futher extend their applications as new challenges or unexplained
phemonena are identified. The following describe instances where Prof. Boehm was able
to draw upon the intellectual legacy of some of his more prominent academic ancestors:

® George Birkoff’s work in ergodic theory that states that the system that evolves for a
long time “forgets” its initial state and has been used to explain entropy for dynam-
ical systems. Its influence can be seen in Prof. Boehm’s software cost estimation
Incremental Development Productivity Decline (IDPD) factor that describes how
software development productivity declines as the maintenance of previous software
increments detracts from new increment productivity.

® Poisson’s statistical analysis techniques for events occurring continuously and inde-
pendent of one another (such as software defect rates) upon which COQUALMO
(COnstructive QUALity MOdel) builds to evaluate the impact of defect removal
techniques and the effects of personnel, project, product, and platform characteris-
tics on software quality.

® Pierre-Simon Laplace’s work with the Bayesian interpretation of probability, a
key step in Prof. Boehm’s cost model development methodology used to develop
COCOMO (Constructive Cost Model) and associated derivatives.

® ] eonhard Euler’s contributions to graph theory that Prof. Boehm and others employ
today in many software and system modeling tools used to design, analyze, and
understand various aspects of software-intensive systems and systems of systems.

® Johann and Jacob Bernoulli’s fascinations with curves such as those that Prof.
Boehm often uses to show the “not too much, not too little” sweetspots for
engineering activities.

® Gottfried Leibniz’s inventions in the field of mechanical calculators that led to
software-based calculations such as those in the COCOMO models.

® Georg Joachim von Leuchen Rheticus’s passion for triangles can be seen in Prof.
Boehm’s triangles that show the relationships between software cost, schedule, and
quality.

® Copernicus postulated that the Earth was not the center of the universe; so has Prof.
Boehm postulated that today no system is an island unto itself, and fixed, baselined
requirements are not the core of a successful system—rather, there are additional
forces (e.g., adaptability, flexibility, interoperability with other systems, securability,
world events) at play on the initial set of requirements which determine the long-
term success of a system development effort.

The following takes a look at how many of these influences have come together in
two of Prof. Boehm’s major engineering contributions that continue to evolve today: cost
estimation and the spiral development process.

Cost Estimation

Prof. Boehm’s work of the past several decades has centered on transitioning software
development from a pure art into an engineering discipline. This discussion touches on
a few dimensions of that work. Arguably, his work in software cost estimation has had
the biggest impact on the software industry. Table 2, adapted from a paper by Boehm and
Valerdi (2008), shows the history of estimating models.

It is interesting to note that Prof. Boehm’s COCOMO model was not the first software
estimating model. However, Prof. Boehm had widespread influence and has done more for
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TABLE 2 Predominant cost models: Initial releases (Boehm & Valerdi, 2008)

Cost Model Year
SDC (Systems Development Corp.) 1965
TRW Wolverton 1974
Putnam SLIM (Software Lifecycle Management) 1976
Doty 1977
RCA Price S 1977
Walston-Felix 1977
IBM function points 1979
Jensen Seer 1979
COCOMO (Constructive Cost Model) 1981
SoftCost-R 1981
Estimacs 1983
SEER-SEM 1988
SPQR Checkpoint 1985
KnowledgePlan 1997

the practice of parametric software estimation than anyone in the industry, bringing the
science of parametric estimating out of obscurity. His early work at TRW, followed by the
COCOMO and the COCOMO II models and the many offshoots, have changed the industry
forever.

Prof. Boehm’s focus on software costs changed the direction of computing overall,
not just estimating, as he predicted in 1972 that software would be the largest schedule and
cost driver (overrunning hardware costs) and that there should be a focus on software rather
than more powerful hardware (Whitaker, 1993).

Of course, estimating’s purpose extends far beyond just knowing what something will
cost. One can also use estimates to support business decisions, choose the most cost effec-
tive approaches, cancel unaffordable projects before they begin, and provide a basis for an
achievable plan. In that regard, Prof. Boehm’s value-based software and system engineer-
ing work focuses on using cost analysis as one side of the scale and value as the other side.
The approach helps software become part of the overall contribution to the business rather
than a cost and helps ensure the most reasonable choices for projects are made.

Galorath recalled being asked in the early “70s when a software product would be
completed. His honest answer, “We don’t know—we will tell you when we are finished
building it” reflects the state of the practice in those days. Schedules were made only by
heroic efforts of dedicated developers. Functionality often suffered; testing was often not
complete, but when a date was critical programmers did the best they could. Additionally,
Galorath recalled the first project he was asked to estimate in 1976. The estimate was not
what management wanted to hear, and the project was cancelled because a schedule cut of a
third was not offered up. It was then outsourced to a company that promised an eight-times
improvement in cost and schedules and ended up delivering at over twice the schedule and
three times the cost of the original, in-house estimate. Viable estimating might have averted
this disaster.

Author Galorath also recalled applying then-current parametric estimation models to
troubled software projects in the early ‘80s. The hardware engineers reigned supreme,
and software developers were considered second-class citizens. In this project, the hard-
ware people had arbitrarily sized the memory in a new product. The software project was
failing due to lack of memory. Yet the hardware people refused to change the memory
size, demanding the software people “do their job and quit making excuses.” Using early
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parametric estimation technology, management was able to see the value of spending a
little more on hardware to gain substantial cost and schedule savings in software. Once
this hardware change was implemented, the project completed, shipped, and changed the
particular industry with major technical step forward.

Prof. Boehm’s work impacted all of us in the cost modeling community. For exam-
ple, even though the original Jensen Seer software cost model has roots separate from
COCOMO, when Prof. Boehm’s software economics book (Boehm, 1981) was released,
several Seer parameters were rescaled to be consistent with COCOMO. At this same time,
Reifer and Galorath had just recently completed a study recommending parametric esti-
mating for early estimation of software costs (Galorath & Evans, 2006). Prof. Boehm’s
work became instantly more visible to the community helping to generate acceptance of
the technology.

Estimation is the catalyst for many measurement initiatives for both systems and pro-
cesses. Prof. Boehm’s reach has certainly been into software system measurement and
processes. Better estimation required better data, which in turn required better measure-
ment. Better software processes helped repeatability. In the forward to Galorath and Evans
(2006), Prof. Boehm proposed that just running the parametric model is the small tip of the
iceberg—that estimation is about planning. The key points he proposed are:

1. Identifying what is being estimated and why: One early cost modeler’s answer to
questions asking whether the model estimates included costs of management or
quality assurance was, “What would you like the estimates to include?” This is not
a strong confidence builder.

2. Defining the project’s requirements and design as well as possible. If you don’t
know whether a product function will be fulfilled by new, modified, or commercial
software, your estimates can be way off.

3. Using several perspectives to estimate software size, cost, and schedule. Otherwise,
there is no way to tell whether your estimates are reasonably accurate or not.

4. Identifying ranges of uncertainty in the project parameters. This enables techniques
such as Monte Carlo analysis to determine the likelihood of finishing within a given
budget or schedule. Just using a “most likely” point estimate will overrun roughly
half of the time.

5. Performing a business case relating estimated costs to estimated benefits and return
on investment. Otherwise, scarce resources are likely to be spent on low-payoff
capabilities.

6. Negotiation of tradeoffs among cost, schedule, quality, performance, and function-
ality. Optimizing on one of these parameters at the expense of the others has been
the source of many failed projects.

7. Matching desired capabilities to available budgets, schedules, and skilled person-
nel. Neglecting this activity has been the source of many project overruns.

8. Tracking not only cost and progress with respect to original cost and schedule esti-
mates, but also changes in cost driver parameters. Tracking to obsolete estimates
has been the source of many painful surprises.

Untold billions of dollars and careers have been saved by viable, repeatable estimating.
And Prof. Boehm is largely to thank for that.

Systems and Software Engineering Spiral Life Cycle Model

In 1970, Winston Royce (1970) described key flaws in the sequential development pro-
cesses in use at the time. This process, later referred to as the “waterfall model,” was risky
and invited failure due to the required requirements and design rework often discovered
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late on large, complex projects. Even with feedback loops to handle problems, there was a
tendency to “salvage” as much as possible of the design already done. A better approach
was needed that focused on identifying key risks and working to minimize or eliminate
these risks up front, thereby reducing the need for late rework that often led to failed sys-
tem development efforts. Winston suggested in his paper that if one planned to build the
system twice (the first time to learn, the second time to develop an effective system for
the customer using what we learned), the results would be much more satisfactory. This
“build it twice” approach led to prototyping, where the first version was a prototype and
the second version was the actual delivered system.

Prof. Boehm formalized much of this in the mid 1980s in the spiral development
model (Boehm, 1986) and tied the prototyping efforts to identified high risks. The spi-
ral development model could help programs navigate through immature technologies and
other high-risk elements in programs and, in conjuction with cost estimation tools, could
be used to better manage large, complex software-intensive system development projects.
However, some of the largest, most complex systems in the United States were developed
by the Department of Defense (DoD), and the spiral development model was inconsis-
tent with the DoD system and software development standards that were based upon the
waterfall process. Prof. Boehm took on the challenge to demonstrate to the DoD how they
could be more successful by using the spiral development process on large, complex, risky
development programs. In 2002, the DoD stated that software development should follow
a spiral development process (DoD, 2002). However, as Prof. Boehm observed projects
using the spiral model, he found that they often misinterpreted the model and were soon
“spiraling out of control” and sometimes “augering in” with little to show for their efforts.

Further analysis showed that while many development organizations wanted to suc-
cessfully develop systems, the acquisition processes continued to stifle the development
process by expecting developers to provide more functionality with lower costs and shorter
schedules. These constraints encouraged overly optimistic bids which led to early pro-
gram problems and little leverage to do anything about them until the developer failed to
deliver the system several years later. Prof. Boehm realized that further acquisition reform
was needed and began to add more rigor to the spiral development model. This became the
Incremental Commitment Spiral Model (ICSM) (Boehm, Lane, Koolmanojwong & Turner,
2014). The ICSM is based on principles employed by successful programs and incremental
development phases with rigorous feasibility assessments between phases. This process
allows the acquisition community to discontinue non-viable or obsolete programs and
reprioritize and fund more promising programs.

As is Prof. Boehm’s way, he started developing the ICSM slowly, analyzing both suc-
cessful and failed programs, assembling the ICSM framework with encouragement from
others, including the National Academies (Pew & Mavor, 2007), working through the
details in the classroom environment with his student’s projects, and taking his message to
conferences and workshops around the world. As a result, many of us are now familiar with
his some of his favorite ICSM gambling' and dating® analogies. In addition, through this
ICSM socialization process, he found potential early adopters which allowed him to capture
and incorporate lessons learned into new iterations of his ICSM papers and tutorials. Out of
these efforts came better insights into conducting meaningful feasibility assessments, com-
petitive prototyping to pursue more than one approach for large, risky systems, guidance
on how much to invest in early prototypes, the investment “sweetspots,” and the IDPD to
better estimate incremental development effort.

Prof. Boehm’s Academic Family Tree: From 1994 to 2014

Just as Prof. Boehm came from a long lineage of mathematicians, he formed a family of his
own by advising dozens of doctoral students. In 1992, Prof. Boehm arrived at the University
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of Southern California Computer Science Department as the TRW Professor of Software
Engineering. Since that time, he has advised 36 doctoral students, as shown in the family
tree in Figure 1.

Prof. Boehm shared a number of success strategies with his students that are worth
mentioning in his presentation entitled “Getting Published,” given at Loughborough
University (United Kingdom) to a doctoral student workshop (Boehm, 2009):

1. Discover your strengths and build on them. Prof. Boehm suggested that students
should recognize what they are good at and leverage those skills to support research.
For example, strength in statistics may enable a research path that is heavily focused
on quantitative analysis of large data sets. Alternatively, capabilities and interests
in modeling can open doors in areas where simulation is an adequate methodology.
Achieving the right fit between a researcher’s strengths and dissertation topic is
more likely to lead to high-impact research.
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2. Attack the future. Rather than working on yesterday’s challenges, Prof.
Boehm encouraged students to anticipate the challenges of the future such as
user value/focus, human systems integration, off-the-shelf/legacy integration,
distribution/mobility /globalization, emergence, and services. Many of these cate-
gories are elaborated in a visionary article about systems and software engineering
trends (Boehm, 2006).

3. Look for applications. Despite the heavy emphasis on theoretical contributions,
Prof. Boehm suggested that a doctoral dissertation should also have clear appli-
cations in a variety of contexts. Part of this involves finding out what users need the
most and turning those needs into research opportunities.

4. Strive for excellence and impact. Prof. Boehm noted that characteristics of success-
ful papers, in addition to rigor and relevance, include originality, clarity, and utility.
Furthermore, researchers should aim to explain their work to people, especiallynon-
researchers (Reddy, 2009). Prof. Boehm pointed to Hamming’s (1986) suggestions
that in order to do great research, you must have courage, emotional commitment,
the ability to think and continue to think, to turn defects into assets, sometimes
neglect things if you intend to get what you want done, and recognize that the
steady application of effort with a little bit more work intelligently applied is what
does it.

Prof. Boehm’s students have all valued their time spent him and now carry on his
research legacy in a variety of areas related to software economics in various positions in
government, industry, and academia, as shown in Table 3.

Conclusion

The worlds of software engineering and systems engineering owe a huge debt of grati-
tude to Prof. Boehm. He has given software engineering respectability through his research
contributions. He has grown the next generation of leaders in the engineering community,
his innovations have saved billions of dollars, and he has advanced the cost estimation
profession dramatically.

Notes

1. In the gambling analogy, incremental commitment is more like playing the game of poker than
roulette. In poker, the players place a minimum bet or ante (initial system investment), receive
some cards, then decide whether to bet more (additional investments) or fold. Round of betting
(investments) can iterate many times. In roulette, you bet once (fully funded contract up front)
and hope for the best when the wheel is spun.

2. In the dating analogy, ICSM is more like the traditional dating process where one dates for a
while and if things go well, the couple decides to invest further in the relationship and go steady.
After going steady for a while, if the couple decides that they want a further commitment, they
decide to get married and have children. This dating process tends to work much better than the
“date, have a child, marry in haste, and repent at leisure” process.
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