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Abstract. Very Large Organization (VLO) develops and manufacturers hard-
ware and software products, with each product being developed in its own
project. Each project, from its inception, maintains a database that contains a
wealth of data pertaining to its software development lifecycle. To empirically
study VLO’s software development process, the authors mined the data from
seven consecutive VLO projects to determine whether the data exhibit any
anomalies and whether these anomalies can help assess a project’s level of
success. Some anomalies provide evidence of what VLO does well, while other
anomalies highlight possible areas of improvement. Through the anomalies in
the mined data, the organization can direct additional focus and research to
specific areas of the development process, particularly its requirements engi-
neering, to improve the likelihood of success for future projects.
While describing the results of the empirical study, the paper also shows how

such a study can be conducted even when the mined data are not very detailed.
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1 Introduction

Very Large Organization (VLO) is a mature organization that has released several
products. Some of the products were deemed by the market to be successful, while
others were deemed less successful. The authors were interested in determining the
causes of success and of a lack of success. Fortunately, VLO, being a serious engi-
neering firm, keeps a lot of data about each product, including, and in particular, its
software development project. For each project, it keeps data from the project’s
inception, its requirements engineering (RE), its design, its implementation, its
acceptance, through to its deployment, and beyond. These data have the potential to be
mined to perhaps reveal key indicators of success and of its lack, a practice that is
becoming more and more mainstream [1].
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The purpose of the research reported in this paper was to explore whether these data
could be mined in order to determine causes of success and causes of lack of success.
The research started with mining the data of whole projects in order to not make any
assumptions as to which steps of the process were critical, i.e., to let the data take us
where they do. The mined data were very telling. Included in this paper are some of the
key data points and conclusions drawn from the mined data, as well as advice on how
to conduct such a data mining study when the data are not very detailed.

This paper is derived from the master’s thesis of the first author [2]. Details, in
particular, the actual data and its full analysis, that were left out of this paper in order to
meet its page limit can be found in the thesis.

In the rest of this paper, Sect. 2 describes the typical product lifeline; Sect. 3
defines the mined data; Sect. 4 analyzes the data and draws conclusions; Sect. 5 offers
some possible solutions to the observed problems; Sect. 6 summarizes the answers to
the research questions raised in Sect. 4; Sect. 7 discusses threats and limitations of the
conclusions; and Sect. 8 concludes the paper.

2 Product Description

VLO produces hardware-and-software products, each of which includes hardware, an
embedded system, and a set of applications. Each product released by VLO has an
associated development project, whereby multiple products may be developed in the
same project. Generally speaking, when VLO releases a new product, the product
consists of a new hardware design-and-construction accompanied by its own new
embedded system and an applications layer. The software release model used for the
majority of releases is based on an iterative waterfall model, in which each subsequent
project is built directly on top of its previous project.

Many consumers worldwide use VLO products. However, these consumers do not
buy directly from VLO. Instead, VLO sells its products to customers, and these cus-
tomers resell the products to the consumer. Each development project to develop at least
one product has a set of customers, who are the ones that determine whether a delivered
product is accepted. Each project’s database logs a variety of data about each accep-
tance: its date, the name of its accepting customer, and a variety of other details per-
taining to the various hardware platforms supported and software versions produced.

The initial phase of a project is to create the vision of the project’s product. The
vision roughly defines the hardware and software of the product along with some key
factors differentiating it from those of other products. Once the product vision has been
completed, the requirements phase begins.

The requirements phase at VLO starts with the product marketing team, who are
deemed to have substantial market knowledge regarding the product and interface
directly with the customers. The product marketing team describes various aspects of
the product in several market requirement documents, which form the basis for a
market-viewpoint specification of the product’s requirements. The project’s develop-
ment team reviews this requirements specification and negotiates with the product
marketing team to finalize a set of requirements that will be implemented. This set of
requirements is encapsulated in a project requirements document.
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Once the product’s requirements are believed to be understood, the development
phase begins. During the development phase, if a substantial or unrealized change is
required to the product, a change request (CR) must be created and sent through the
necessary approval process. The intention of the CR process is to minimize require-
ments creep; however, a substantial number of CRs for a product could indicate
problems in the RE process and could merit further investigation.

As a project is nearing completion, a near final milestone is for its customer to
provide acceptance of the product. The acceptance does not mean that the development
of the product is complete, as the acceptance may include conditions for small tweaks
to the product. However, these conditions are usually small enough to consider the
acceptance as the final clearance from the customer that the product’s requirements
have been met.

3 Data Compilation

Without industrial data, research like that described herein would lack external validity.
Therefore, we were fortunate that VLO granted to the authors access to a number of
tools in order to mine the data pertaining to each project. All of the data mining
occurred after the release of all the products. Thus the mining was observational and
nonintrusive. Due to the confidential nature of the products and projects, and for the
protection of VLO, each datum was anonymized. At the time the data were mined, each
datum was associated with one of seven consecutive projects. Each dataset consisted of
a series of data from source-control repositories, CR reports, customer acceptances,
employee opinions, and any other pertinent project information that was uncovered
during the data mining.

Data were gathered until the authors felt that they could not learn anything new
from additional data, i.e., until saturation was achieved. Clearly, recognition of satu-
ration is highly subjective, but there is no other way to know when to stop mining data.

3.1 Project Lifelines

In order to form the dataset for a project, a project lifeline was created. The lifeline for a
project simply records the duration of the project’s development lifecycle, from
beginning to end. The lifeline formed the basis for the rest of dataset, as the project
lifeline created a natural axis on which to map the remaining data. A project’s lifeline
did not have a fixed length. As more data were discovered, the lifeline could be
extended in order to include the additional data. Thus, the project lifeline became an
implicit portion of the dataset.

3.2 Source-Control Repository

The source-control repository provided the largest set of data. Each project has its own
branch in the source-control repository, allowing simple scripts to collect the data.
A source-control commit is a single source commit by a single developer to the source-
control repository. These data are simply counted as each source-control commit
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occurred, so there is no advance notice of outstanding changes to be committed.
A source-control commit may consist of a list of requested items, each of which is a
feature request, a CR, a software bug fix, or a non-functional change such as an opti-
mization or a change to a document. Therefore, the actions a developer may take for a
single source-control commit can be any combination of (1) editing an existing file,
(2) deleting an existing file, and (3) adding a new file to the source-control repository.

This paper does not classify the source-control commits based on content; for
simplicity, each and every source-control commit is considered to be of equal value.
This simplification may not be a fair evaluation and certainly deserves further attention
[3]; however, the definition fits the purpose of this paper. As is typical with most
source-control repositories, the data consisted of a series of source-control commits in
each particular project branch. However, to ensure VLO’s privacy, only the date of
submission was retained during the data mining. The date of submission was sufficient
information in order to keep track of the number of source-control commits in any
project’s lifeline.

3.3 CRs

At VLO, a process exists that must be followed whenever a new requirement or change
in an existing requirement is desired, usually due to a customer’s request. When a
change is required, a CR must be submitted. A CR includes details of what is desired,
why the change is required, and by when the change is expected. Normally, submission
of a CR blocks its product’s release. Once a CR has been submitted, the CR is first
evaluated by a team of marketing experts to determine if the CR is worth pursuing.
Next, the teams that would be involved in implementing the change must provide an
impact analysis of the change. The analysis includes estimates for development, testing,
localization, certification, or any other areas that may be affected by the change.
Normally, it is very difficult to compile a complete list of all the teams that may be
affected by a particular change. Therefore, any particular CR may include an incom-
plete list of estimates. This deficiency is itself a problem, as other work that was not in
the original impact analysis is often discovered and consequently delays the completion
of a CR. After the implementation information is gathered, the CR is forwarded to the
CR committee, which ultimately decides whether to approve or reject the CR. The CR
data collected for this paper describes only the approved CRs that were implemented
for each product and not the rejected CRs. Moreover, the data about a CR do not
include any details about the size, nature, or complexity of the change requested in the
CR. So all we know about any CR is that it was approved and that its size, nature, and
complexity must have been such that the CR was approved.

3.4 Customer Acceptances

VLO maintains a customer database which contains a variety of information related to
each customer, including the date each product was accepted by the customer. For the
purpose of this paper, this date shall be considered the date the product was fully
accepted by the customer, even if the acceptance was conditional for any number of
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reasons. The acceptance dates for each product were mined from this database and
added to the dataset for the product’s project.

3.5 Hardware

Every project did feature some new hardware. As part of the dataset, the number of
hardware platforms per project was recorded. However, each hardware platform could
also be classified into two different categories: revolutionary or evolutionary. Evolu-
tionary hardware is typically providing an update to the hardware from a previous product.
On the other hand, revolutionary hardware is ground breaking and carries with it a more
substantial amount of novel technical innovation than does evolutionary hardware.

On occasion, the software developed for a new project could also be released on
hardware from previous projects, also known as in-market hardware. Whether a project
release included in-market hardware was recorded and added to the dataset.

3.6 Data Summary

The resulting project dataset includes from each of the seven projects

1. lifeline,
2. number of source-control commits,
3. number of approved CRs,
4. number of customer acceptances,
5. number of hardware platforms,
6. whether the project targets in-market hardware, and
7. whether the project includes revolutionary hardware.

4 Data Analysis

Some of the research questions (RQs) intended to be addressed by the work described
in this paper are:

RQ1: Do the VLO project data say anything about the success or failure for any
product?

RQ2: Do the VLO project data say anything about the reasons for success or failure?
RQ3: Are there any VLO project data that can serve as predictors of a product

project’s outcome [4, 5]?

The thesis [2] poses different, project-specific research questions, which are not
answered here, because to do so would require more pages than are available. The
interested reader is encouraged to download and read the thesis.

To answer these RQs, each project is compared with every other project. In
addition, each project is compared with an ideal, but non-existent golden1 project. The

1 In empirical work, the golden data are the data to which each subject’s data are compared to evaluate
the subject’s data. The researchers try to make the golden data completely correct, but know that they
may not be.
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golden project does not have any real data associated with it. Instead, the golden project
is described by made-up data that represent the way we hope that every project would
proceed, knowing full well that no project ever proceeds that way. The purpose of the
golden project is to provide criteria that can easily be compared with any real project to
provide answers to our research questions. The golden project

1. has a perfect, i.e., complete and consistent, requirements specification, but if not, the
CRs are minor,

2. has all of its source code committed prior to any customer acceptances,
3. has all of its source code committed in the first half of the project,
4. has no CRs, but if a CR is required it should be resolved in the first half of the

project,
5. has only one hardware platform,
6. has no in-market hardware platform, if the project involves a revolutionary hard-

ware platform, and
7. has at most one revolutionary hardware platform.

Yes, these criteria do overlap.
The data about a project that are needed to evaluate how close the project is to the

golden project are measures that allow the project to be compared to the golden project.
These project data are, respectively,

1. the percentage of all code commits for the project that are done prior to the project’s
first customer acceptance.

2. the percentage of all code commits for the project that are done during the first half
of the project,

3. the percentage of all CRs for the project that are resolved during the first half of the
project,

4. the number of hardware platforms the project targets,
5. whether the project targets at least one revolutionary hardware platform,
6. whether the project targets at least one in-market hardware platform,

Note that the fifth criterion is decided by the fifth and sixth datum combined.
Table 1 shows the values of the required data for each of the projects.

Table 1. Key data summary

%-age code
committed at
first acceptance

%-age code
committed at
half way

%-age CRs
resolved at
half way

Number of
hardware
platforms

In-market
hardware

Revolutionary
hardware

Project 1 72.45 97.8 94.12 7 Yes No
Project 2 88.15 95.4 74.19 4 No No
Project 3 87.92 96.08 81.91 12 Yes No
Project 4 72.05 94.53 90.23 2 No No
Project 5 65.79 76.91 67.62 4 No No
Project 6 67.88 78.88 71.62 2 No Yes
Project 7 87.47 82.54 93.88 1 No No
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Comparing each project’s data to the golden project’s criteria reveals that no single
project is quite a golden project, which was expected. For any project, the reason that
the project fails to be a golden project depends on the project’s circumstances and on
the specific project data that deviate from the golden project criteria. In fact, a project
with a single deviation2 is likely to have a completely normal project lifeline. Charette
points out that a failing project rarely fails for just one or two reasons [6]. Each of
Projects 2, 4, and 7 has a single large deviation. However, none of them represents an
extremity. In fact, each of these projects was typical for VLO and proves that VLO can
successfully create incremental products. Ruhe et al. claim that a company’s ability to
create incremental products is a primary factor in the company’s ability to produce
large successful software products [7].

Each of the four remaining projects hasmultiple deviations and is far more interesting.
Each of Projects 1 and 3, is one of the only two projects to target in-market hardware, thus
explaining why these two projects had the most hardware platforms. The large number of
hardware platforms explains each project’s other deviations. In a typical VLO project
targeting a new hardware platform, the new hardware platform would be released first.
Only later would the versions running on in-market hardware platforms be released, thus
explaining why the project’s customer acceptances are scattered throughout the project’s
lifeline. The additional hardware platforms cause the project lifeline to be extended to
cover the later in-market hardware platform releases; whereas a project without an
in-market hardware platform release would be completed much sooner.

The two remaining projects, Projects 5 and 6 had by far the lowest data for the first
three criteria. Closer examination shows that Project 5 had an additional hardware
platform added approximately half way through its lifeline. As with Projects 1 and 3,
the additional hardware platform extended the project’s lifeline and caused other
important data points to deviate even more. The added hardware platform can explain
the deviations, but only if the originally planned hardware platforms were completed in
a typical matter. Separating the statistics based on hardware platforms could be a
worthwhile exercise but is outside the scope of this paper.

Project 6 is the most interesting, as it is the only project that was released on a
revolutionary hardware platform.While the release on a revolutionary hardware platform
can easily explain the deviations, it is more useful to use the data as indicators of howwell
VLO performed in the project. These indicators can be later used to help VLO perform
better whenever it is implementing a revolutionary hardware platform and to bring VLO
to the point that it is producing revolutionary hardware platforms on a routine basis.

In particular, when an organization is creating a product with a revolutionarily new
hardware platform, the organization must perform adequate research, i.e., RE, prior to
committing the revolutionarily new hardware platform to the product. The amount of
research that VLO undertook before making the decision to include the revolutionary
hardware platform in Project 6 is unknown. However, there is evidence that indicates that
the prior research was not enough. There exists no strict criterion allowing a conclusion
that enough research was performed. However, the poor outcome of Project 6 indicates
that the technology was not thoroughly researched. That being said, there has been

2 In the rest of this paper “deviation” means “deviation from the golden project criteria”.
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research on prototyping methods that can help to adequately and correctly identify
requirements [8–12]. Typically, the point of prototyping is to allow starting early.
DeMarco [13] indicates that all late projects have one thing in common: each started late3.

If a project is late, there is a good chance that the original effort estimates were
inaccurate [14–16], which in turn, indicates that its software requirements were not well
understood [17].

That doing thorough RE proved to be a factor in the success of a project was not
surprising. There are other studies that have observed the same [e.g., 17, 18].

5 Possible Ways to Avoid Deviations

Whenever a project’s requirements call for a revolutionary hardware platform, in
addition to project’s doing adequate research and prototyping, the project should
minimize other new aspects of the product requirements. Minimizing other new aspects
allows the project to focus on the revolutionary hardware platform and gives the project
the best chance of success. Remember, it is very likely that a revolutionary hardware
platform will create a number of dependent requirements. While these dependencies
cannot be avoided, they create the necessity, and therefore, an additional motivation, to
perform effective and efficient requirements analysis and management. According to
Blyth et al. [19], the most crucial aspect of software engineering is the gathering of
requirements. Much akin to prototyping, there are multiple methods that can be used in
order to increase the effectiveness of the requirements specification, such as those
proposed by Liou et al. and by Bowles [20, 21]. Finally, if a requirement is considered
revolutionary, then perhaps VLO should consider following a slightly different
development model, as Molokken-Ostvald et al. suggest [22].

The first author’s thesis has a whole chapter devoted to a discussion of possible
solutions [2].

6 Answering the Research Questions

The research questions driving the data mining study reported in this paper are:

RQ1: Do the VLO project data say anything about the success or failure for any
product?

RQ2: Do the VLO project data say anything about the reasons for success or failure?
RQ3: Are there any VLO project data that can serve as predictors of a product

project’s outcome?

3 Lest the reader think that DeMarco’s point is only a tautology, please note that DeMarco’s
observation is that in the typical late project he has known, the project was started well after the date
that it should have been started in order to be able to guarantee finishing by the required deadline,
everyone on the project knew that the project was starting late, and all on the project agreed to start
the project anyway despite the certainty that the project had no chance to finish on time.
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During the data mining, we were able to determine that

RQ1: the VLO project data do allow us to judge, by the absence or presence of
project-and-VLO-specific secondary effects, the success or failure of any
product,

RQ2: the VLO project data do allow deducing some of the reasons for any success
or failure, and

RQ3: the most important VLO project data that can serve as predictors of a product
project’s outcome are the number and severity of the deviations from the
golden project

7 Threats and Limitations

The biggest threats to the validity of the conclusions drawn from the data are the
various assumptions and simplifications that were made to be able to conduct the
analysis with the data that could be gathered. At each place such an assumption or
simplification was made, it was described. On the other hand, since the project data
were mined well after the fact, there is no chance (1) that these data could have been
biased by a desire to support any particular hypothesis and (2) that the mining and the
analysis could have affected the outcomes of the projects. Finally, as with any other
case study, the results are about the particular case and cannot be generalized to other
situations. However, multiple case studies on similar contexts coming to similar con-
clusions begins to indicate possible truths. So, we encourage others to do similar data
mining studies on other software development projects.

8 Conclusion

Very Large Organization (VLO) clearly has the ability to release successful products.
However, not all of the products are deemed by the market to be successful. The
authors attempted to discover whether any predictors of success could be revealed
through mining the available data from some of VLO’s development projects. The data
revealed a number interesting points, which can be used in predicting the likelihood of
success for future products. In particular, there are clear indications that adequate prior
research, prototyping, and RE are necessary to developing a successful product. There
is a lot of literature, cited in this paper, that agrees with this finding. The authors have
shown also that data mining can be used to reveal the causes of success and of a lack of
success of projects in practical environments.
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