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Charting Defect Metrics —
Knowing When Good IS Good Enough

Some time ago I was consulting to a major Fortune 100 financial services
firm, working to help it improve IT capacity. Two components of the
strategy were a metrics program and an IT project office function. These
were designed to help internal IT negotiate more effectively with client
organizations and improve the planning process.

At one point, we were discussing the balance between speed, cost, and
the quality/reliability of a delivered system. Money was abundant, as was
staff, but speed ruled. So that left the issue of whether a product was
delivered by a given deadline with an acceptable level of reliability.

During that chat, a process manager said, “At [our company], we don’t
really care about quality. Defect levels are not important. What this place
cares about is time to market.”

You might think this statement sounds facetious, and I would have, too, if
the process manager did not have such a dead serious look on his face. It
also might be something I’d have taken in stride, if it weren’t made by
someone at one of the largest financial services firms in the world when
discussing the organization’s strategy for major e-commerce applications.

So this might be okay since the process manager wasn’t referring to a
project like a 911 emergency dispatch system, an aircraft navigation appli-
cation, or medical lab analysis software. If there’s one thing to appreciate,

Continued on page 2.

Saving the World, One Project at a
Time: Planning by the Numbers

by Jim Mayes

“Your history will help you better manage the future.”
— Michael Mah [1]

Recently, as I described a software project risk assessment [ had
done, Michael Mah remarked rather facetiously, “Jim, you’re just
saving the world, one project at a time!” [ may not be “saving the
world before bedtime” as the Powerpuff Girls do, but I do believe
that project-level metrics, when applied to project planning, can have
a significant impact on the outcome of individual software projects.
Planning by the numbers (PBN) illustrates how the principles out-
lined in Mabh’s article, “Sizing Up Your Promises and Expectations”
(ITMS, September 2000), can be put into practice.

Continued on page 5.

Some time ago Andy Grove, chairman of Intel, was

asked, “How do you anticipate the next 10 years for
the semiconductor industry?” He replied, “By look-
ing at the last 10 years.”

In this issue, Jim Mayes looks at how to anticipate
risk for future IT projects by being conscious of
your history. Remember the saying, “Those who
do not know history will be condemned to repeat
it"? Many companies miss out on the fact that
contained within their histories (both good and bad)
are gifts that can help them succeed. Your own
metrics can contain these gifts. Mayes will tell you
about the gifts that resided within his metrics data,
and how he used them to plan future projects of
critical importance.

Another point needs to be underscored about
Grove’s quote. By looking at history, you are look-
ing at the dynamics that have taken place, not stat-
ics. You’re looking at the past, expecting that things
will change in the future, NOT stay the same.

That's the point of looking at rates of change.
You're looking at velocity and acceleration.

Yet, many IT professionals fall into a rut when they
complain that getting metrics on recent IT projects
is “too hard.” People say things like, “Things are
different today — we’re doing applications that
aren’t the same as in the old days.” (No kidding.
In some cases the “old days” were within the last
year.) That may be true, but | also doubt that
Grove threw out the collective wisdom from
development of the 486 processor when Intel
created the Pentium. There are many valuable
learnings from previous research and develop-
ment cycles that are relevant to the challenges
of today.

Michael Mah, Editor
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it’s that this organization developed IT appli-
cations that were only about making money.
If the company didn’t make enough money,
at least no one would die from a software
defect. (However, if a trading application
experienced a major outage, you could prac-
tically count the enormous amount of lost
revenue by the hour.)

When commercial organizations espouse this
philosophy (or lack of one) on quality, other
issues might come into play. For example,
this could have easily been the philosophy
of a company called Ashton-Tate over a
decade ago with a product called dBase IV.
Remember Ashton-Tate and dBase IV? Time
to market was so important that defects suf-
fered severely. While nobody died from the
number of defects when the product shipped
(although I could be wrong), there was an
entity that did die. The company. Word got
out about dBase IV being unreliable, and the
company collapsed.

Is Quality Really Job One?

This brings us to a subject for IT metrics that
is altogether critical — the use of metrics to
manage defects and the quality of a system at
the time it is placed into service. In fact,
about 15 years ago, this is exactly how I
wound up involved in the metrics field.

In that past life, [ was the group leader for
integrated test planning at a major Fortune
corporation, which was tasked with design-
ing and building a major subsystem under a
multiyear, multibillion-dollar project. This
project was the Trident II nuclear submarine.

On that ship, defect-free software was
crucial. The navigation subsystem that I
worked on employed some of the most bril-
liant scientists [’ve ever met, designing what
was undoubtedly one of the most complex
applications in the world. This application
basically had to “fly a ship” underwater,

without windows, using a combination of
inertial navigation, sonar, satellite communi-
cation, and gravity mapping tied together
with six massive processors running parallel
in real time. The stakes were high. For
example, if a sub lost its way or even
bumped into something in the dark, then a
lot of sailors could die. (When I heard about
the loss of the Russian submarine Kursk in
August, it was particularly painful.
Whatever the cause of that disaster, it’s clear
that quality does matter.)

At that time the goal was to chart the defect
rate curves for the software to know whether
the project would meet the deadline and
operate reliably on that date. To accomplish
this, it was vital to optimize the testing strat-
egy across three test facilities to ensure that
the system met all its performance and relia-
bility requirements to meet its mission when
the deadline came. Using defect tracking
and forecasting, the teams executed a strat-
egy that brought the project in successfully.
Metrics played a crucial role.

On a side note, we’ve seen how Hollywood
has featured nuclear submarines with movies
like The Hunt for Red October and Crimson
Tide. Through these films, many have
learned that a single ballistic missile subma-
rine is the third-most formidable “entity” in
the world purely in terms of nuclear fire-
power (after the US and the former Soviet
Union). It has to know where it is and where
it is going. And it better not crash.

What Defect Graphs Typically Look Like
You may or may not be working on applica-
tions for nuclear submarines, but your work
is surely crucial to the field that you’re in.
And along those lines, metrics on software
defects can give you a wealth of information
to help make better decisions. Metrics told us
that dBase IV was an imminent train wreck at
the time (we were brought in at the 11th
hour). It also told me and my management
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team that the Trident Il submarine navigation
subsystem project was “on course” and
would operate reliably if we made the right
choices along the way.

In last month’s ITMS, Jim Heires used the
following quote from Walter Shewhart, a
pioneer in statistical process control for
telephone-manufacturing in the 1930s:

Measurement is a sampling process
designed to tell us something about the
universe in which we live that will
enable us to predict the future in terms
of the past through the establishment of
principles or natural laws.

Figure 1 is a graph showing a typical shape
of a software defect curve, produced from
monthly samples (the defects found and
corrected per month) from the start of
detailed design through deployment for

an IT application.

The purpose of showing this graph in the con-
text of Walter Shewhart’s quote is to under-
score the phrases sampling process, natural
laws, and predict the future through the past.

We have learned some of these natural laws
from defect data sampled at companies with
IT metrics programs.

One of these laws is the characteristic shape
of defects, which you can see rather easily
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(and even more so if you drew a smoothed
curve using a rolling average). This curve
reaches a certain peak and then tails down
gradually in a pattern known as a Rayleigh
curve, named after the British mathemati-
cian. This curve was also observed in the
work of Peter Norden at IBM and then on
software projects from software metrics
research by Larry Putnam. These natural
laws continue to reveal themselves today on
IT projects, including Web development and
e-commerce applications.

What This Means to You
The third phrase, predict the future through
the past, will tell us what it means to you.

If your metrics program included as a mini-
mum the ability to construct defect charts
like Figure 1 using your own project metrics,
then you could conceivably predict the point
in time by which your IT project would be
“good enough” for delivery (from a defect
standpoint) by use of “trending.” Trending
is a fancy word for drawing a line through
the data points and extrapolating out into the
future. When the trend reaches a low
enough point, say, 10 or fewer defects per
month for example, then you’ve arrived (or
will have arrived).

Basically, this concept uses defect metrics as
criteria for time to market. If this is an IT
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Figure 1 — Typical defect rate curve.
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project for internal use such as billing, cus-
tomer care, or networking, then it’s obvi-
ously about time to production for an internal
customer. But if it’s for a commercial data-
base application (or for a nuclear submarine
for that matter), then it’s for use by an exter-
nal customer.

End-user experience of the system is, to a
certain extent, a function of whether the end
user is “feeling” the system at a “high defect
rate” part of the curve (that’s bad), or at the
“low defect rate” part of the curve (that’s
good).

Ideally, what you want to do is create the
necessary mechanisms to produce these
curves. They in turn furnish the metrics
information to help you anticipate the future,
like a navigation aid. This involves a simple
practice of assigning a metrics analyst or
team of analysts to record the open and
closed defects. Some companies also refer
to these as trouble tickets, problem/action
reports, or open/closed bugs.

You’ll want to look for how fast that curve
falls. If you have a top-notch inspection and
test methodology, then you’ll find and fix
bugs at a healthy clip, and the curve will
most likely drop fairly quickly, accelerating
your time to market. If you are ineffective at
stomping out the bugs, or if your product is
infested with them, then that curve is going
to stay high, and life is going to get ugly as
the deadline approaches.

And if you decide to deliver the system pre-
maturely, that will be your call. On this mat-
ter, | always remember the words of Tomoo
Matsubara of Hitachi and the Cutter
Consortium: “If we deliver late to the cus-
tomer, we might hear about it one time, and
then it goes away. However, if we deliver a
system with poor quality, then we hear about
it again, and again, and again.”

How to Chart Your Own Defect Curves
You can chart your own defect curves using
a defect-tracking application, a metrics tool,
or even just Microsoft Excel. Early on, dur-
ing detailed design, the source of your defect
counts might be peer reviews or inspections
(i.e., Fagan inspection methodology or simi-
lar), or the source may be from self-recorded
bugs found during unit testing.

Chances are, however, that most of you out
there don’t do any defect metrics tracking. If
you do, it might only be starting with the
system test phase. Often times this seems to
occur at about 70% into what is commonly
known as the “main build” phase. In the
chart shown in Figure 1, that might have been
sometime in November. In that example,
delivery of the system might have been
around the second April, for a total elapsed
time of 16 months for the main build. By that
time the natural slope of the defect curve on
this project was heading down, after an initial
peak of the first April/May/June time frame.

You’ll want to record both open and closed
bugs. In that case you’ll have two sets of
parallel Rayleigh curves. They will have
what is known as a phase lag. This lag is the
elapsed time that you typically take to close
out a bug or a trouble report from the time it
is discovered. If you see that your phase lag
is short, that’s good. If your phase lag is
long, that’s bad.

You’ll also want to establish a consistent def-
inition of what is a defect. A handy one to
start with might be: an error in specification,
analysis, design, coding, or testing that leads
to a fault in a program where the applica-
tion’s operation departs from the user
requirements.

This is a fairly broad definition that includes
not only defects from coding, but also defects
from the design and specification phases.
Some defects are also introduced in regres-
sion testing, or from the correction of defects,
which sometimes produces new ones.

What’s important is that your organization
establishes a definition that works to capture
at least these categories of defects so that an
IT application is delivered that is reliable and
meets the requirements of the customer.

Lastly, Not All Defects Are Created Equal
It’s apparent that some bugs are worse than
others. Typically I encourage testing organi-
zations to classify defects in at least three
categories of severity. For a basic tier set,
many use Severity 1, Severity 2, and
Severity 3 defects. These are in decreasing
severity from critical to serious to minor.
Critical might be considered showstoppers.
Serious might be defined as blatantly wrong
answers or outcomes. Minor might include
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cosmetic or tolerable defects. These three
are often adequate in terms of resolution, but
I’ve occasionally seen organizations use up
to five classifications.

What you’ll want to do is record defects by
month and by severity class. These can be
recorded in their own Excel rows or
columns, with individual charts for each
severity class, and for the total. You will see
a family of curves like the one shown in
Figure 1. There is great value in going down
one level of detail using charts by severity
class. You’ll observe defect density both in
terms of when they occur and in what cate-
gory. This will reveal valuable information
about the inherent nature of your applications
and your design process.

In the latter category, you’ll be able to
embark on root cause analysis to focus ener-
gies on correcting aspects of your process
that result in undesirable outcomes. These
charts will also reveal time-based trends that
enable you to deploy test teams to the right
place, at the right time, in order to optimize
your strategy and best meet time to market.
The data is your friend.

Where We Go from Here
Once you’ve built the basic mechanisms for
your “defect dashboard,” you’ll have valuable
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navigation information to guide your actions
and decisions in an optimal manner. Life is
too short and resources are too scarce for you
to take a shotgun blast approach to quality.
You’ll need to think of a more

efficient and surgical approach to make wise
use of your precious time and staff.

As you begin to do this, you’ll find that it is
easy. Once the organization gets the hang of
having this metrics data, it will be ready to
take the next step — learning the “whys”
behind the “whats”. The patterns of the data
are the “what”. The “whys” are the causal
relationships that are underlying the data to
uncover aspects of your process.

For example, some may want to know the
relationship between scope growth and
defects rates. Or, what happens to the defect
curves if a client asks for a requirements
change in excess of 25%? How does that
impact time to market? What happens with a
staff churn of 20% or more on an IT project?
What happens to defects with schedule
compression?

These and other questions have answers that
are the hidden gold for IT management with
the wise interpretation of IT metrics. And,
who knows, once you know these answers
you too might be able to steer a submarine
that doesn’t have any windows.

aaving the World, One Project at a Time:

Planning by the Numbers

Continued from page 1.

PBN is the concept of using historical
project-level metrics to aid the project man-
ager in discovering facts about software
projects. Although not as simple as “paint-
ing by the numbers,” the project manager
(with support from a metrics specialist) can
use this information for project planning,
validation, and risk assessment. In many
ways, [ do believe that the metrics (or esti-
mation) specialist performs the role of chief
memory officer — someone who remembers
the past, so the same mistakes can be
avoided in the future. [1] As a software
development manager, | became interested in
software metrics for providing decision sup-
port information related to my projects.
Software metrics provide many benefits for

managing outsourcing contracts, process
improvement, productivity benchmarking,
and balanced scorecards; however, you are
missing one of the greatest benefits if you
are not using historical software metrics for
making decisions and planning projects.

The analysis of project-level data has taught
me some lessons over the years, which I will
share. In the following sections I will outline
the primary components of the PBN process.

1. Collect, slice, and dice internal historical
project data.

2. Normalize the software project data for
comparison.

3. Trend the data.
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4. Analyze the data to discover facts.

5. Use the analysis results for planning
software projects.

Collect, Slice, and Dice the Data

To begin with, data must be collected for
internal historical projects. This can be done
via a productivity benchmark or by less for-
mal methods. [2,3] However, the data must
include the Software Engineering Institute’s
Capability Maturity Model core measures of
size, effort, schedule, and defects. [1] Data
consistency is the key to having a good
decision support database. To ensure consis-
tency, document the rules in a data diction-
ary. Also, when building an internal
historical project repository, the project data
points should be categorized. Allow for
enough stratification such that apples-to-
apples project comparisons can be made if
needed (project type, environment, user
organization, development organization,
language, etc.).

Next, the metrics specialist needs a
“slicer/dicer” with the capability to extract
and analyze the data statistically. This can
be accomplished using software metrics
tools such as SLIM-Metrics, Access, Excel,
or other types of databases and statistical
analysis tools. Specific project data can be
compared to the entire database, specific
subsets of data, or both. If you have access
to industry data (QSM, International
Function Point Users Group, etc.), bench-
marking specific project data against indus-
try data is beneficial as an additional
decision point. However, the benefit of
having internal historical project data
cannot be overemphasized.

Normalize the Data

One of my metrics discoveries was the
importance of normalizing project-size data
for statistical trending. This is not to argue
the merits of source lines of code (SLOC)
versus function points (FP), since I use both
measures. My objective is to describe how I
have been using these measures, continu-
ously improving the results as I refined my
techniques by using discovery metrics. [7]
There is no perfect software sizing measure;
therefore, I use the best aspects of both
SLOC and FP. In my opinion, this leads to

better results, as long as you use consistent
counting methods. I primarily use FPs for
sizing project estimates. Because FPs reflect
the user view of a software project, an FP
count can be accurately determined based on
the software requirements. As the project
requirements change, the FP count can be
updated to reflect changes in project size.

I first tried using FPs as the size component
for statistically trending historical project
data. However, I discovered that there is not
a strong convergence of data, unless the
project-size values are normalized based on
programming languages and code mix.
Therefore, I convert FPs to SLOC. This can
be done using industry factors such as those
provided by Software Productivity Research
(Capers Jones) or as illustrated in the
September 2000 issue of ITMS, [1] but
(preferably) you should use SLOC/FP fac-
tors that have been internally calibrated. I
have also found that it is important to nor-
malize project size, in relation to the effort
required to produce the code (new, modified,
reused, tested, etc.), in order to determine the
productivity rate to use for a project estimate.

In the early 1980s, Robert Tausworthe of the
Jet Propulsion Laboratory (JPL) of the
California Institute of Technology deter-
mined a relationship between the effort to
develop new code and the effort to modify
code. Basically, the theory suggests that if
the effort to develop a line of new code is
taken as unity, then the effort to modify a
line of existing code is some fractional
value. The values that Tausworthe found on
a number of JPL rehosting contracts are
shown in Table 1. [5,6] I do not always use
the full range of Tausworthe factors, simpli-
fying it most of the time to using factors of
1.0 for new/conversion code and 0.24 for
modified/deleted code (0.24 is the average of
all of the effort ratios except new code). If
the project involves a substantial amount of
regression testing, as is the case with com-
mercial-off-the-shelf (COTS) software cus-
tomization and integration projects, then it is
important to also apply the tested ratio of
0.12 to all the unmodified code.

I apply the Tausworthe factors to the
SLOC/FP language conversion factors and
not to the FPs. This allows a normalized
effective source lines of code (ESLOC)
comparison for trending a wider range of
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Table 1 — Software Project Size Normalization Effort Ratios

This table shows ways in which existing code can be modified. For each type of modification, the ratio of the
effort-to-modify to effort-to-code-as-new is given.
Note: The number of lines of code added, changed, and deleted are subsets of the number of lines reused.
Therefore, their sum must be less than or equal to the number of reused lines. [5]

Type of Modification Effort Ratio
New Code: Subject to entire development process. 1.0
Reused: The lines of code in modules that will be reused, but will be modified by 0.27
additions, changes, and deletions.
Added: The lines of code to be added to reused modules. 0.53
Changed: The lines of code in the reused modules to be changed. This effort is typically 0.24
less than the effort to add lines.
Deleted: The lines of code to be deleted (line by line) from reused modules. 0.15
Removed: The lines of code to be removed in modules or programs as whole entities. 0.1
Testing must take place to check reused modules that interface with the removed
modules.
Tested: The lines of code from the unmodified but reused modules that required no 0.12
modifications but still exist and require testing with new and modified software.

projects (new development, enhancement,
and COTS integration) as shown in the scat-
ter charts later in this article. It also allows
for additional analysis using FPs that have
not been normalized. FPs provide a size
measure of the functional software product
size for cost-benefit analysis, whereas nor-
malized ESLOC provide a measure of the
physical software product size for estima-
tion, risk analysis, and project data trending.
I am sure that others have their own views
on this matter based on their own experi-
ence, just as my views are based on my
experience. Just make up your own mind
as to what works best for you and what you
can substantiate using your own discovery
metrics.

Trend the Data

For longer than I care to admit, [ used aver-
ages for productivity calculations related to
software project estimates. Then, as I began
benchmarking my estimates against project
data trended for size, [ noticed a great dis-
parity related to the project productivity
averages and the project size trends.

For example, as shown in Figure 2, I selected
data for 19 projects from my repository, sim-
ilar to the project | was estimating. (Note:

the charts and values used in this article are
for illustrative purposes only and are not
related to any specific data set; however,
they are based on actual findings.) The aver-
age productivity rate for these 19 projects,
using the QSM Productivity Index (PI) scale,
was 12.9. When I plotted my project esti-
mate on a productivity graph trended for
size, | noticed that the average productivity
was 33% lower than it should have been for
a project of that size. The three projects (A,
B, and C) highlighted on Figure 2, of similar
size, type, and the same development team,
had an average PI of 19.1. Therefore, I used
the trended PI of 19.1 for my estimate
instead of 12.9. It was still an average,

but it was a trended average.

There are many reasons why project size
affects productivity. One reason is that there
is a smaller percentage of effort allocated to
overhead for larger projects than for smaller
projects. Larger projects usually take longer,
which is also a factor, due to the effort/
schedule ratio. However, there is a limit that
is reached where bigger projects are no
longer better, and there is an optimal
effort/schedule ratio, as we learn in the
following section.
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Similar Internal Historical Projects — Size Trends

Productivity Index (Pl) Versus Effective Source Lines of Code (ESLOC)
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Figure 2 — Using trended data relative to project size.

Analyze to Discover Facts

Data analysis can be very enlightening and
exciting as we discover new information.
We can discover the answers to such ques-
tions as: How can we get more “bang for the
buck” from our software projects? How do
we increase business value? How do we
staff our projects relative to schedule to opti-
mize business value? With regard to the first
two questions, one of the ways to do this is
to increase productivity. Therefore, we may
want to discover the effect that project size
has on productivity. This can be analyzed
and illustrated as shown in Figure 3.

The trend shown in Figure 3 illustrates the
bell-shaped curve I discovered in relation to
project size versus productivity. The data is
on a log-log scale, which causes the trend
lines to appear linear. However, you will
notice that the data points form a curve rep-
resented by the dashed line that was added to
Figure 3 to reflect this tendency. As the size
increases, the productivity increases; how-
ever, it reaches a size where productivity
starts declining. Specifically, prior to the 30K
ESLOC mark, the data points consistently

trended upward, then they leveled off. After
the 150K ESLOC mark, the data points dis-
played an overall downward tendency. With
this analysis, I discovered that the projects
sized between 30K and 150K ESLOC pro-
vided the best “bang for the buck” and busi-
ness value. This size range also has the
highest convergence of data points within
+/-1 standard deviation (SD).

Another fact we may want to look at is the
optimal relationship between effort and
schedule associated with the projects in the
optimum size range. Using the Putnam
Manpower Buildup Index (MBI) scale,
where MBI = Total Effort/(Development
Time)3 [5, 6], Figure 4 illustrates how we
can analyze the appropriate ratio of effort to
schedule. The MBI is a measure of schedule
compression where projects with lower
MBIs are less compressed than projects with
higher MBIs, and less compression equates
to a lower cost and higher quality. In this
case, using internal project data, the opti-
mum MBI is in the 4-6 range.
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All Internal Historical Projects — Size Trends
Productivity Index (P1) Versus Effective Source Lines of Code (ESLOC)
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Figure 3 — The bell-shaped curve related to project size and productivity.

All Internal Historical Projects — Size Trends
Manpower Buildup Index (MBI) Versus Effective Source Lines of Code (ESLOC)
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Figure 4 — Analyzing optimal effort/schedule ratio using Putnam MBI scale.
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Use the Results for Planning

The primary benefit of PBN is for project
planning. We can put to use the information
we learned during data analysis for develop-
ing software release strategies, determining
whether estimates are reasonable, and assess-
ing risk. The PBN process supports the use
of trended data for this purpose. When I pre-
pare a project estimate for an internal project
or validate a vendor estimate, I want to see
how it compares to the historical project data
trends. For example, | had a client tell me
that my estimate seemed high for a 250K
ESLOC project; however, when I plotted the
data point on a trend chart, it was within the
ballpark for a project of this size. In fact, the
cost was right in the middle of the trend.
Therefore, the client was much more
inclined to accept my estimate. This concept
could also apply to a vendor estimate — if
the vendor cost was in the high range on the
chart, it could be considered unreasonable.
Estimate validations and risk assessments are
done in much the same way. The following
examples illustrate how the PBN concept is
used for project planning. Example 1 illus-
trates planning software releases; Example 2
illustrates estimate validations and risk
assessments.

Example 1: Project Planning —
Strategy Analysis

Figures 5 and 6 compare monthly versus
bimonthly release strategies for an internal
client. These illustrations were used to
encourage the client to consider alternatives
that would provide greater business value.
Table 2 documents the results of this analy-
sis, which indicate that for the same yearly
cost (effort) and a 35% longer schedule per
release, the yearly code output can be
increased by 267% and the quality by 75%,
just by changing from monthly releases to
bimonthly releases. The quality improve-
ment is significant because it reduces the
resources required for error correction
between releases. Notice that the bimonthly
release strategy uses a project size within the
optimal size range illustrated in Figure 3,
and that the MBI is in the optimal MBI
range illustrated in Figure 4.

Example 2: Project Planning — Estimate
Validation and Risk Assessment

This example is divided into two parts, illus-
trating how estimate validations and risk
assessments were performed for the SRO
and GPA projects (SRO and GPA are

Table 2 — Release Strategy Analysis (See Figures 5 and 6)

Release Strategy Analysis

Assumptions — = Monthly releases are based on an average of historical small releases — i.e., 5.2 months
Monthly duration; 6,000 ESLOC; 6.7 MBI; 47 Staff Months (SM) of effort; 0.63 mean time to defect
Releases (MTTD); including the planning, analysis, and main build phases.
(Figure 5)

= |llustrates 12 monthly releases that complete during a calendar year.
Assumptions — =  Bimonthly releases are based on an average of historical larger releases — i.e., 7 months
Bimonthly duration; 44,000 ESLOC; 5.4 MBI; 95 SM of effort; 1.1 MTTD; including the planning,
Releases analysis, and main build phases.
(Figure 6)

= This illustrates 6 bimonthly releases during a calendar year.

Conclusion

monthly releases.

6 bimonthly releases during a calendar year could produce 267% more code than 12 monthly
releases, same yearly effort/cost, 35% longer schedule per release, and 75% better quality:

= 12 monthly releases produce 72,000 ESLOC and require 564 SM of effort.
= 6 bimonthly releases produce 264,000 ESLOC and require 564 SM of effort.
= Individual bimonthly releases are 7 months duration each, versus 5.2 months each for

= MTTD (at deployment) for each bimonthly release is one defect every 1.1 days, versus 1
defect every 0.63 days (1.6 defects per day) for each monthly release.
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Figure 5 — Release strategy analysis: monthly releases.

Bimonthly Releases Versus Total Effort and ESLOC Produced

Monthly Project Gantt Chart
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Figure 6 — Release strategy analysis: bimonthly releases.
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fictitious names for example projects). But
first, it is important to understand the con-
cepts of validation and SD. Validation is the
concept of assessing the reasonableness or
risk of an estimate, using trended historical
project data. The same concept would apply
when validating an internal estimate or a
vendor estimate. [8] With both validation
and risk assessment, we use the statistical
trending measure SD, which is the measure
of variation equal to the square root of the
variance. Figure 7 shows the percentage of
projects that would be within the SD trend
lines; that is, +2% (+3 SD); +14% (+2 SD);
+34% (+1 SD); -34% (-1 SD); -14% (-2 SD);
and -2% (-3 SD). Therefore, roughly 68% of
projects are within +/-1 SD, 96% are within
+/-2 SD, and 100% are within +/-3 SD.
Average values (+/-50%) fall on the mean or
center trend line. The values outside +/-3
SD would normally fall within what Putnam
and Myers call the “impossible zone.” [5, 6]

When project estimates are plotted for vali-
dation and risk assessment, as shown in
Figure 7, estimates between +2 and +3 SD
would have a value higher than 98% of the
projects being compared. Likewise, esti-
mates between -2 and -3 SD would have a
value lower than 98% of the historical proj-
ects. Estimates between +1 and +2 SD
would be higher than 84%; between -1 and
-2 SD would be lower than 84%; between
mean and +1 SD would be higher than 50%;

and between mean and -1 SD would be
lower than 50%. Therefore, project esti-
mates that fall between the +2 and +3 SD
lines, or the -2 and -3 SD lines, could be
considered extremely high or low risk,
depending on the values being compared.
Likewise, estimates that fall between the +1
and +2 SD lines, or the -1 and -2 SD lines,
could be considered high or low risk. Low-
risk estimates provide the highest probability
of success, but not necessarily the best busi-
ness value. Estimates falling within +/-1 SD
provide the highest probability of success
and business value the closer they are to, but
not on, the +/-1 SD line, and depending on
the value being compared. Another factor to
be considered is how the estimate compares
to projects of same size, type, and develop-
ment team, plotted on the trend chart.

SRO Project Validation and Risk Assessment

Figures 7, 8, and 9 illustrate the risk assess-
ment of an estimate based on customer-
constrained requirements and schedule. This
was done to validate concerns of the develop-
ment team, determine the project’s viability,
and illustrate the risk to the customer. The
data points and trend lines shown in Figures
7, 8, and 9 are based on projects similar to
the SRO project. Also, three projects (D, E,
and F) of similar size and type are high-
lighted, which were previously completed by
the development team assigned to the SRO

Similar Internal Releases Versus Main Build Productivity Index (PI) Trends

Productivity Index Versus Effective Source Lines of Code (ESLOC)

50

% of Projects in +- 1, 2, and 3
Standard Deviation Ranges

40

SRO PROJECT ESTIMATE i B

SIMILAR PROJECT D. - B

“g®- - SMILAR PROJECTE -~

_ 3 .
b E ) SIMILAR PROJECT F

"~ {30

20

Pl

-10

T
1 10

100 1,000

ESLOC (thousands)

-+ 3 Sigma Line Style R == All Systems @ Special Project

Avg. Line Style ------- 1 Sigma Line Style - - ------- 2 Sigma Line Style

Figure 7 — SRO project estimate productivity compared to similar projects.
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Main Build Duration Versus Effective Source Lines of Code (ESLOC)
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Figure 8 — SRO project estimate main build duration compared to similar projects.

Similar Internal Releases Versus Main Build MBI Trends
Manpower Buildup Index (MBI) Versus Effective Source Lines of Code (ESLOC)

20
15
. SRO PROJECT ESTIMATE
R 10
- B B -
SIMILAR PROJECTD‘“->‘__a Treeall L
——— i o L 5
- E* o T — - el =
SIMILARPROJECT E ® Tteel
=< SIMILAR PROJECT Fg =~ TR —_ 5
IR ]
T 0
T -5
1 10 100 1,000
ESLOC (thousands)
s 3 Sigma Line Style #® === All Systems @ Special Project Avg. Line Style ------- 1 Sigma Line Style - -------- 2 Sigma Line Sty

Figure 9 — SRO project estimate MBI compared to similar projects.
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project. The data analysis indicated that the
productivity required to complete the project,
as constrained by the customer, would be
39% higher than achieved on the three simi-
lar projects completed by the development
team. Also, Figure 7 shows that the estimate
falls within the +2 SD range; i.e., a produc-
tion rate of higher than 84% of all similar
projects must be achieved.

Figure 8 shows that the main build phase
(detailed design, construction, and testing)
must be completed faster than 84% (-2 SD)
of all similar projects and 81% faster than
the three highlighted projects completed by
the development team. This is confirmed in
Figure 9, which illustrates that the SRO proj-
ect estimate MBI of 9 is higher than 84%
(+2 SD) of all similar projects and 34%
higher than the highlighted projects. This
indicates that the project has an extremely
compressed effort/schedule ratio. All of the
analysis results illustrate that the project is
high risk; however, as the saying goes, the
greatest risk is not taking one. In this case,
the project had to be done. The difference is
that with the results of this analysis, the cus-
tomer and the project manager were now in
agreement as to the risk and could plan
strategies for mitigating and managing

the risk.

If you or the customer choose to accept the
challenge of a high-risk project, it is best to
know what you’re in for so that you don’t
wind up in the impossible zone. If possible,
it is best to plan projects such that the project
values fall within +/-1 SD, to allow some
room for the unexpected. It is the same con-
cept as not planning projects with a lot of
overtime already factored into the effort
when you have a limited staff. This would
not allow any overtime for catching up or
handling tasks that were inadvertently omit-
ted from the project plan. It is also impor-
tant to leave some room for scope changes.

GPA Project Validation and Risk Assessment

Figures 10 and 11 illustrate the validation of
a vendor estimate. The GPA project valida-
tion estimate was created using a PI for the
main build (MB) phase based on the three
projects (highlighted in Figure 2) of similar
size and type that were completed by the
same development team. The MB phase was
considered reasonable. However, the vendor
estimate had a planning phase duration of
3.5 months and an analysis (detailed require-
ments and high-level design) phase duration
of 3.5 months, running consecutively with
no overlap of the MB phase. This was done
because the customer wanted planning and
analysis completed within 3.5 months. This

Planning Duration Versus Effective Source Lines of Code (ESLOC)
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Figure 10 — GPA project planning phase validation and risk analysis.
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Analysis Duration Versus Effective Source Lines of Code (ESLOC)
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Figure 11 — GPA project planning phase analysis validation and risk analysis.

project was 8,154 FPs or 430K ESLOC. My
historical project data showed that projects
of similar size, type, and development team
normally required a planning duration of
26% of the time required to complete MB,
and an analysis duration of 48% of the time
required for MB.

Figure 10 illustrates that the GPA vendor
estimate planning phase duration is faster
than 84% of all similar projects and twice as
fast (3.5 months versus 7 months) as the
GPA validation estimate, based on the devel-
opment team’s historical project data. Figure
11 illustrates the same trend; that is, the GPA
vendor estimate analysis phase duration is
faster than 84% of all similar projects and
twice as fast (4 months versus 8 months) as
the GPA validation estimate. Also, 75% of
the planning phase normally overlaps the
analysis phase, and 68% of the analysis
phase normally overlaps the MB phase.
Planning the project with planning and
analysis phases of only 3.5 months with no
overlap of MB would indicate a high risk for
completion within a 3.5-month time frame.

This was discussed with the customer and
vendor. It was determined that the planning
and analysis phases would be planned based
on historical project data. The project

manager developed a risk mitigation strategy
such that detailed design could still begin
within 3.5 months, which was the primary
concern and the reason that the planning and
analysis phases were being cut short. This
was done by using an iterative development
methodology — detailed design could begin
on each module as soon as the detailed
requirements (analysis) were completed for
that module.

Conclusion

The one thing that planning by the numbers
and painting by the numbers have in com-
mon is that you must have the numbers in
order to begin. It is extremely important to
collect internal historical project data, which
is a critical success factor for the PBN
process. Using the premise of discovery
metrics, where we discover facts about our
world and use those discoveries, we are bet-
ter prepared to deliver successful software
projects. [7]

At a conference several years ago, | heard a
parable that is particularly appropriate. It
goes like this: there were two hunters who
chartered a pontoon plane to take them
moose hunting near a lake in Alaska. The
pilot told them as he dropped them off, “I’ll
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pick you up in one week, but you can only
bring one moose on the plane, due to the
weight limit.” A week later, the hunters were
waiting and had two moose. The pilot
exclaimed, “I specifically told you that you
could only bring one moose on the plane!”
To which the hunters replied, “We know, but
the pilot last year let us bring two moose.”
Not to be outdone, the pilot reluctantly
agreed; so they stuffed the two moose
aboard. The plane took off, barely clearing
the trees on the other side of the lake before
hitting the middle of a mountain. It was a
mess, but luckily everyone survived. As the
hunters pulled themselves up off of the
ground, they looked at each other and one
said, “Well, at least we made it further up the
mountain than we did last year!” The moral
of this parable is to stop running into moun-
tains with your software projects. By learn-
ing from the past, you too can save the world
one project at a time.
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