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Abstract

The development of a piece of software can be a lengthy and complex process. The ultimate
goal is to produce high quality software, and in so doing the company must establish a
careful and detailed strategy for the detection and removal of irregularities which may be
introduced into the software at any stage of development. In order to achieve this goal,
most companies use a quality control system which involves the compilation of an extensive
database of software problem reports. An SPR (software problem report) results from the
detection of a fault by testers - for example by the running of test cases (scripts) covering the
software specifications. A typical SPR contains information on the properties of the defects
underlying the reported problem. These may include : the present state of problem, time
effort necessary to treat the problem, severity, priority, functional area, individuals involved
in the development and quality assurance process, and other indicators of complexity of that
part of the code where the problem originated. This research involves a detailed analysis
of the evolution of the development process corresponding to a collection of similar software
projects in a local software company. One goal is to discover (by the use of multivariate
statistical techniques such as factor analysis and/or classification analysis) common patterns
in the problem reports in order to group them into clusters described by similar causes. Other
objectives include analyzing times to both find and fix faults, which in turn might suggest
improvements in the process of software development.

1 Introduction

Software Engineering is a collection of techniques and tools used to produce reliable software under
conditions of restricted resources. Resource constraints generally fall into the areas of the time and
monetary means assigned to the development of a project. Any developer of commercial software is
concerned about the most accurate possible estimation of schedules for development and release of it’s
product, but also for it’s reliability and overall quality. The idea for this research arose from a study of
the necessary tools which exist for the assessment of the reliability of mission critical systems software.
According to it’s nature, tools and techniques used in the development of such critically important
software in order to achieve high reliability are far too expensive to implement in the case of most
commercial software. For instance, such techniques often entail very careful registration of the times
between failures as well as careful records on the time to rectify any faults found, which according to
our experience are rarely found in the developers of most commercial software and professional testing
companies.

Our research is based on a case study of projects provided by local commercial software development
and testing companies, but we believe our results will be readily applicable to many other software
development projects with similar characteristics. The object of the research is to use the data collected
by company quality engineering groups involved in project development to model the arrival of software
problem reports via the use of stochastic modelling of marked point processes. One aim is to predict the
number of reports on the basis of previously developed similar software projects. Furthermore, we expect
to make use of the time to resolution of each of the software reports to model and predict the time to
resolution of future reports.



A distinctive aspect of the project is that it takes into account the severity of each fault which is
recorded in a software problem report, and it’s relationship to both the time to resolution of the problem
as well as the functional area of the software. The use of exploratory techniques on the data, such as
correspondence analysis and principal components analysis, are done with the objective of singling out the
functional areas of the software responsible for generation of reports of certain severity categories. Ideally
one would like to extract features of the components underlying each functional area in order determine
their relationship to the various severity categories, however this is often not possible due to lack of
direct access to the code involved. These exploratory techniques may allow one to identify groupings of
homogeneous functional areas which may be tracked by counting processes and lead to predictions for
future numbers of problem reports.

2 Data used for the research

The data on which we base our modelling comes from locally developed software of a commercial nature,
the details of which must be kept confidential because of their current relevance in ongoing software
projects which are extensively used. The following table gives a list of some of the more important
variables which are commonly entered into the SPR database of a software quality engineering group
tracking development of a software project.

Table 1: Variables in a Software Problem Report Database

Data Description
Functional Area Particular part of the software responsible for execution of certain tasks.

Each functional area is considered as a block of software that can be
developed independently.

Severity of SPR Characterizes the level of impact of the problem on the normal perfor-
mance of the software as a whole, as well as it’s impact on the quality
of the product and image of the developer.

Date Created ”Date Created” is the date when the software problem has been first
recorded as a result of some irregularity observed in the performance of
the software by internal or external users, that start using the software
after a certain stage of integration.

Date Open This is usually the date when the problem has been validated (as a real
problem) and passed onto the development team for action. Being able
to reproduce the fault is a key aspect in validating the fault.

Pending Date The date when the problem, having been submitted to the developer, is
fixed by her/him or is classified as a problem beyond her/his ability to
fix. In the latter case the problem may be deferred or opened again.

Date Verified After the fix of the bug has been made the software is returned to quality
engineering group for verification of a correct fix for the problem.

Date of Regression

Pass

After verification of a fix, a global check is carried out by the quality group
through subjecting the software to a regression test, that is running test
cases to verify that the original problem encountered has been correctly
addressed.

Date Closed Date when the problem is considered resolved, that is the bug is fixed, or
the original report is confirmed to be a false alarm



3 Predictive techniques for determining the number of SPRs for the
product

Performing correspondence analysis using a contingency table of functional areas and severity categories,
the intention is to explore the interaction existing between these two sets of variables. That is the
deviation for each category with respect to the independence assumption between rows and columns in
the contingency table profiles will hopefully reveal which differences in the severity profiles are due to
contrasts in functional area profiles and otherwise.

Principal component analysis will enable one to extract components underling the functional areas
that actually summarize causes of the code and programming language characteristics which trigger
problems in the software performance. The number of significant components will indicate the number
of groups with the most homogeneous characteristics to be made for the purpose of counting process
modelling. Each group might include counts of problem reports corresponding to different severity cat-
egories. Prediction from such counting process will result in a number of software problem reports for
each severity category up to a specified time in the product development.

4 Prediction of the time to resolution of software problems as a scheduling
tool

In future research we hope to perform a time series analysis of the times to resolution corresponding to
each severity category. Standard procedures like Box-Jenkins methods will be of use. Supposing that n

severity categories are available, the following describes our the multivariate model:
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Here the left hand side of equations is an auto-regressive polynomial with a difference operator. The
subscripts for k and d mean that the differencing order, as well as the order of the polynomial, are not
necessarily the same for each category. The left hand side includes a moving average polynomial, where
again the order of polynomial may not necessarily be the same for each category. We intend to produce
such a model using standard procedures of simultaneous equations estimation. These will be based on
likelihood procedures, or by using filtering procedures (for example the technique of Kalman Filtering
by putting the model in state space form).

The number of bugs predicted from stochastic modelling techniques and times to resolution for each
severity category should complement each other for planning an estimated development schedule for the
software, as well as an updating tool when the analysis is performed on the project in the course of
development. When any cost information to resolve each problem is available, it could further guide
the decision maker about whether to release the software by initially defined deadlines and perform fixes
under field conditions, or to delay the release date. The framework for models of this type has been
based on consultations with practicioners as well as an extensive search of the literature on statistical
techniques and software engineering analysis, and some relevant references are listed below.
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