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Abstract We have designed a software development process that is suitable for small software
projects, of the type typically performed by postgraduate students. The aim of the process is twofold,
namely to put in place a quality management system which is manageable and appropriate for student
projects and to provide templates and guidelines to assist students to design good software, in keeping
with the current best practices for software design.
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It is a well-known phenomenon in the software industry that an unacceptably high
number of software projects either exceed their budgets, are completed late or are
abandoned before they are completed. According to a survey conducted by the
Standish Group in 1998:'

e 46% of IT (information technology) projects are completed over budget or past
the original deadline;

e Only 26% of projects succeeded, i.e. they were delivered on time and within
budget;

e 28% of projects failed in the sense that they were abandoned before completion.

The IT industry’s abysmal track record is due to the fact that software development
is ‘a craft and not an engineering discipline,” according to Koni Buhrer, a Rational
Software Corporation software engineer.” To become an engineering discipline, soft-
ware development must undergo a paradigm shift away from trial and error toward
a set of first principles,” he said.

One way of moving away from trial and error toward a set of first principles is
to implement a software engineering process. Engineers use processes to provide
standards and guidelines aimed at reaching a particular goal efficiently. To develop
high quality software efficiently, a software engineer needs to adopt an effective soft-
ware development process® that provides a disciplined approach to assigning tasks
and to ensure that the software meets the needs of the end-users and is delivered on
time and within budget.*

A software engineering process should comprise a quality management system
and a software design process. Such systems and processes do exist. The ISO 9001
software lifecycle management standard is an example of an internationally accepted
set of standards for quality management. The Unified Software Development
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Process (Unified Process) is a software design process for preparing the blue-
prints of software systems. It was developed in the mid 1990s by three of the
world’s leading software methodologists, Grady Booch, Ivar Jacobson and James
Rumbaugh.

Both ISO 9001 and the Unified Process are, however, very rich and complex and
are suited to the development of very large commercial software products, for which
the budgets typically exceed US$1 million. The Information Engineering Research
Programme (IERP) of the School of Electrical and Information Engineering at the
University of the Witwatersrand, Johannesburg, consists of staff members and
postgraduate students involved in the development of software projects. The scale
of these projects is, however, very much smaller than that of industrial software
projects. To implement recommendations and systems as described by ISO 9001
and the Unified Process is too onerous and time consuming for projects of this
nature.

This paper describes a software engineering process that was developed, based
on ISO 9001 and the Unified Process, but in a way that is appropriate for small-
scale software development projects. The system is currently being implemented by
students in the IERP.

The process is illustrated using the example of the development of a software tool
for routing medium voltage (MV) cables in a computer-aided design (CAD) envi-
ronment. The routing project formed part of the research within the IERP to develop
a suite of software tools that would reduce the cost of electrification projects by lib-
erating electrification designers from as many repetitive and time-consuming tasks
as possible.

When routing MV cables between transformers in a township, cables may be
routed along roads and along stand boundaries, but they may not cross a stand. Any
map can, therefore, be divided into areas that are either obstacles, where cable may
not be routed, or free space where cables may be routed. This is similar to a maze
routing problem, but traditional maze routers are too slow to be feasible for this
routing project.

An alternative solution to the routing problem is to use intelligent map techniques.
In a CAD map, the map features do not have any intelligence. An intelligent map
consists of a graphic CAD file linked to a non-graphic database, which contains
information about the features on the map.’ An automated cable router would have
to have some intelligence built into it, as it would have to recognise stands as obsta-
cles. The intelligent map routing technique can be broken down into the following
steps:

e First, the transformers are connected to form a network, using the straight-line
distances between them. The network is optimised by making the total length of
the links as short as possible;

e The straight-line network is then transferred to a CAD map and the straight lines
are routed around street blocks, by moving from street block vertex to street
block vertex. The next vertex on the cable route is found by calculating which
vertex will take the cable closest to the target transformer.
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Software design process

The way in which engineers deal with the complexity of the systems that they work
with, is to use abstraction and modeling. Models and abstractions hide the com-
plexity of the real world system, but still reflect the real system accurately enough
that the engineer can understand and predict its behaviour. A modeling language is
a tool that can be used to handle the complexity of a software system — it consists
of a set of conventions, which allows all stakeholders involved in a project to com-
municate with each other regarding the problem description and the proposed
solution. To develop software, one needs a language and a process. A software
development process can be defined as a set of activities needed to transform the
users requirements into a software system.’ The Unified Software Development
Process (Unified Process) is a process that uses the Unified Modeling Language
(UML) to prepare the blueprints of a software system. We opted to use the UML,
together with elements of the Unified Software Development Process for our design
process.

In the early 1990s object-oriented design emerged as the industry standard,
although for some years, there was a heated dispute amongst software methodolo-
gists over which particular methodology was the best. In the 1990s, three of the
world’s leading object-oriented methodologists, Grady Booch, Ivar Jacobson and
James Rumbaugh joined forces and, under the auspices of the Rational Software
Corporation, they developed the Unified Modeling Language (UML), together with
the object-oriented Unified Software Development Process.

Some recent literature mentions the Rational Unified Process (RUP). According
to a Rational Software Corporation white paper, however,* RUP is ‘a specific and
detailed instance of a more generic process described by Ivar Jacobson, Grady Booch
and James Rumbaugh in the textbook, The Unified Software Development Process.’
No further investigation was, therefore, conducted into RUP, but the Unified Process
was used and adapted, as described in this paper.

UML is not a software design process — it is merely a notation. It is, however, the
notation that seems to be becoming the industry standard worldwide. It was adopted
by the Object Modeling Group (OMG) in 1997 as the official standard for object-
oriented notation.® This is significant because the OMG is a leading international
consortium that is dedicated to developing independent specifications for the soft-
ware industry. It was founded by leading IT companies like Sun Microsystems,
Hewlett-Packard, Phillips Telecommunications and Unisys Corporation and cur-
rently has about 800 members.” In its UML specification, the OMG describes UML
as ‘a graphical language for visualising, specifying, constructing and documenting
the artifacts of a software-intensive system. The UML offers a standard way to write
a system’s blueprints . . .”.8

The Unified Process is a very complex and rich process, suitable for very large
software development projects undertaken by development teams consisting of
many people. The process in its entirety is not suitable for the small, one-person
types of projects undertaken by postgraduate students at universities, yet these pro-
jects can also be developed more efficiently using some kind of process. A slim

International Journal of Electrical Engineering Education 41/1



Software development for small projects 13

version of the Unified Process, using UML, was therefore developed, as described
in this paper. The aim was to develop a process suitable for small projects. As shown
in the flow diagram in Fig. 1, the design process consists of:

A use-case model;

A conceptual design;

A software design, which includes an analysis model and a design model.
Some of the elements of the Unified Process that were deemed inappropriate
for small projects and were therefore omitted from the proposed software devel-
opment process are (they are merely listed here and are not described in any
detail):

e A domain model, with domain classes, obtained from interviewing a domain

specialist;

o A business-object model — an interior model of a business that the software will
operate in;

e A glossary of terms, that is derived from the domain and the business-object
model

e User interface prototypes for the use-case, analysis and design models;
Statechart diagrams for the analysis and design models;
e Analysis packages — a way of organising artefacts of the analysis model, that
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Fig. 1 Flow diagram of design process.
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can consist of analysis classes, use-case realisations and other nested analysis
packages;

e Design subsystems — a way of organising artefacts of the design model, that
can consist of design classes, use-case realisations and other nested design
subsystems;

e Active classes;

e An architectural design that identifies subsystems and their interfaces, as well
as generic design mechanisms.

The Unified Process also describes in a lot of detail the definition and responsibili-
ties of different workers in a multi-person team, such as the system architect, com-
ponent engineer, use-case engineer etc. This is clearly unnecessary and inappropriate
for one-person projects.

Use-case model

A software system is created to serve a particular purpose for its users. The first step
in the Unified Software Development Process (Unified Process) is, therefore, to
effectively capture the users’ requirements for the software system and to represent
them in an understandable way.

A user in this sense is someone or something that interacts with the software
system, but that is external to it. The user can be a human or another system. Nor-
mally, a system has more than one user. Each user is represented as an actor. Each
kind of interaction is a use case. Anybody who looks at a software product’s use-
case diagram should be able to understand what the system does. A use case is
defined as a ‘sequence of actions that the system performs to deliver some result of
value to an actor’.> When an actor uses a system, she interacts with a use case. All
the actors and use cases form the use-case model of a system. The use-case model
is described graphically, in a use-case diagram showing the interactions between the
actors and the use cases. It is also described in words in a flow description.

Figure 2 shows the use-case model for the MV cable routing project, with its
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Route MV cables

Fig. 2 Use-case model for the MV cable router.
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2.1.1 Flow of events description for the Create
transformer network use case

2.1.1.1 Preconditions

A text file containing the co-ordinates of all transformer

positions must be available to the system.

2.1.1.2 Main flow

This use case begins when the electrification designer
selects the Create transformer network icon or menu item
for a particular map, which is displayed through a CAD
platform. The system checks that a list of more than one
transformer coordinates is available (E-1). It then asks the
engineer to identify the first transformer in the network -
this decision would be based on which transformer is located
closest to the HV grid power supply line (E-2). Using this
transformer as its start point, the system calculates the
straight-line distances between each transformer and every
other transformer and selects the most cost effective
straight-line configuration for the transformer network.
The straight-line transformer network configuration is then
displayed on the CAD map and the use case ends.

Fig. 3 Flow of events for the Create transformer network use case.

actors and use-cases. The CAD township map actor provides the router with trans-
former coordinates and the coordinates of all street block vertices.

The flow description provides a more detailed look at the use-case model, as can
be seen from the description of one of the use cases of the MV cable router, given
in Fig. 3. The description should also describe any subflows or alternative flows, for
example flows that would occur if the user entered incorrect information. They have
been omitted from the example in Fig. 3 to keep it from being cluttered with unnec-
essary detail.

Conceptual design
Once the functional requirements have been captured in the use-case model, the con-
ceptual design document is produced. It looks at the project at a lower level of
abstraction than the use-case model. If the project is an algorithmic type of project,
the algorithms that will be used to meet the user’s requirements are considered in
the conceptual design.

At this stage of the design, no thought is given to the manner in which the algo-
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rithms will be implemented. It simply describes in lay terms the steps that need to
be followed. The conceptual design should consist of a discussion of the influences
that led to the development of the algorithm(s), a written description of the algo-
rithm(s) and a flow chart, to illustrate graphically how the algorithm(s) work. The
conceptual design provides the framework and background for the software design.

One of the difficulties with applying the Unified Process to a small project is that
the step from use cases to analysis classes (see Fig. 1) is a very big step. Generat-
ing a flow chart of the algorithms that will be used in the program is a very helpful
step that makes it easier to produce analysis classes for algorithmic types of pro-
jects. As an example, Fig. 4 shows one of the flow charts that were developed for
the MV cable routing project.
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Fig. 4 Flow chart from the MV cable routing project’s conceptual design document.
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Software design

The software design starts to look at how the algorithms will be implemented in a
specific programming language. It consists of elements taken from the analysis
model and the design model of the Unified Process.

Analysis model
In the Unified Process, the analysis model has two aims:’

The first aim of the analysis model is to refine the requirements that were cap-
tured in the use-case model, by using the language of the developer. The more formal
language allows the developer to reach a more detailed understanding of the require-
ments and to start reasoning about the internal workings of the system.

The second aim of the analysis model is to give structure to the requirements that
were captured in the use-case model in a way that facilitates understanding, chang-
ing and maintaining those requirements.

The elements of the Unified Process analysis model that we have adopted for our
software design process are:

e A collaboration diagram, showing the analysis classes and the interactions
between them;
e A flow of events description, describing the collaboration diagram in words.

To find the analysis classes, it is useful to refer to the flow chart that was created in
the conceptual design and to think in terms of: “What happens first in this use case?
What happens next? How can this be expressed in terms of classes sending mes-
sages to one another?’

Analysis classes
Analysis classes allow the software developer to start shaping the design classes that
will eventually be implemented, but they differ from design classes in several ways.
They represent a higher level of abstraction than design classes, i.e. they are more
conceptual. Each analysis class could represent one or several eventual design
classes. The analysis classes concentrate on functional requirements. Non-functional
requirements are left until the design stage.’

Each analysis class falls into one of three categories, namely boundary, entity or
control class and their UML symbols are shown in Fig. 5.

e An entity class is used to model data or information.
e A boundary class defines a boundary between the software system and its users
or actors and it handles messages passed between the actors and the system.

OO

Entity Boundary Control
class class class

Fig. 5 UML symbols for class stereotypes.
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e Control classes are responsible for any actions executed by the system: they
manipulate data, perform calculations, and take care of sequencing.

The analysis classes are used in collaboration diagrams.

Collaboration diagram

These collaboration diagrams show clearly that the analysis phase begins to use the
language of the developer, as opposed to the use-case model that used the language
of the client. It also moves towards a more internal view of the system, by defining
objects and looking at the requirements and responsibilities of those objects. Each
collaboration diagram can be traced back to a specific use case, but it adds more
detail to that use case.

The collaboration diagrams are quite cryptic and could be difficult to understand,
therefore a textual description of the flow of events is included in the analysis phase
of the design process. The text is written in terms of the analysis classes used in the
collaboration diagrams, so that the two complement each other.

One of the collaboration diagrams taken from the cable routing project is shown
in Fig. 6, along with its flow description (Fig. 7). The format for the flow of events
description used in this document is less formal than the style used by Jacobson et
al® It is more like talking somebody through the collaboration diagram.

Design model

The outputs of the analysis model become the inputs for the design model. The aim
of the design model is to create a blueprint for the software implementation.’
Whereas the analysis model was more conceptual, the design model is more con-
crete. The design model is not generic, but is designed for a specific implementa-
tion, using a particular programming language. Since it is a blueprint for the
implementation, the design model should be maintained throughout the software life
cycle. A slim version of the Unified Process design model that is used for this design
process consists of:

3: Get —
2: Request transformer N

:SelectMap networking positions

1: User selects |_Q > O - {A}

ma, .
? :Maplinfo township
N map
4: Creaix Q

N

Electrification

designer ‘Transformer
\\ List
8:Display 7: Display 6: Create list of S: Create
network network network connections network
HO——0Q——0
:Display network : Network : Network
config List Designer

Fig. 6 Collaboration diagram for the Create transformer network use case of the MV
cable routing project.
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Flow description:

The Create transformer network use case starts when the
electrification designer sends a message to the Select Map
boundary class. The message indicates which map he/she has
selected for purposes of configuring a network.

The Select Map boundary class sends a message to the
MapInfo control class, which triggers the process of
configuring the network. The MapInfo class reads the
transformer co-ordinates of the selected CAD fownship map
and creates a list of transformers.

When all transformer coordinates have been read in, the
TransformerList entity class sends a message to the
NetworkDesigner control class. The methods of the
NetworkDesigner class perform the algorithms that are
central to this use case, namely:

e One method finds the distance between each
transformer and every other transformer and

creates a sorted list of distances;

e Asecond method selects the shortest distance and
adds it to the NetworkList entity class. It then
finds the shortest distance connecting another
transformer to one of the transformers already on
the list, ie. it uses a minimum spanning tree
algorithm to connect all the transformers to the

network;

e A third algorithm checks whether all the

transformers are connected to the network.

Once all the transformers have been connected to the
network, the NetworkList class sends a message to the
Display Network Config boundary class, which then displays
the straight-line network on the CAD map.

Fig. 7 Flow description for the Create transformer network collaboration diagram.
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e class diagrams;

e sequence diagrams;

e adiagram showing how each design class can be traced to an analysis class and
further back, to a particular use case.

Design classes and sequence diagrams

The design classes in the design model can all be traced to analysis classes in the
analysis model. A single analysis class can give rise to several design classes. Whilst
analysis classes were more conceptual and less formal, a design class should map
seamlessly into an implementation class. To achieve this, the language used to
describe the design class should be the same as the programming language that will
be used for the implementation. The methods and attributes of a design class should
map directly to the methods and attributes of the corresponding implementation
class. A good class captures one single abstraction.’

Figure 8 shows how one use case maps to several analysis classes and the analy-
sis classes map to design classes. From the diagram, it looks like a deceptively
simple process to move from analysis to design classes. Finding the design classes,
however, remains the most difficult part of a software design process. The Unified
Process helps to point the way towards design classes through the stepwise approach
of finding firstly the use cases and then the analysis classes. One of the shortcom-
ings of the process is, however, that there is a substantial leap between analysis
classes and design classes.

Drawing a sequence diagram first can help define the design classes, because it
helps one think sequentially about what needs to happen next to execute the design
algorithms. A sequence diagram depicts the chronological sequence of actions per-
formed for each use case. It starts with an actor invoking a use case by sending a
message to the system. An object of one of the design classes receives the message,
performs some operation, and then triggers another object by passing it a message,
and so on, until the use case has delivered something of value to the actor. It shows

7N
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Fig. 8 Diagram showing how analysis classes map to design classes for one use case in
the MV cable routing project.
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how the focus moves from object to object as messages are sent between them.® The
chronological sequence of messages passed between objects is of prime importance
in the sequence diagrams. A portion of the sequence diagram for the Create trans-
former network use case is shown in Fig. 9.

Class diagrams show implementation detail that is not included in the sequence
diagrams, such as aggregation (a ‘has a’ relationship), inheritance (parent-child rela-
tionship) and other relationships between classes. They also show the methods of
each class. Inheritance between classes is shown using an arrow pointing from the
child to the parent. An empty diamond symbol is used to indicate aggregation; for
example in Fig. 10, a Transformer object has a coordinate, which is a CPoint object.
Once the sequence and design class drawings have been completed, it is possible to
start coding.

An iterative and incremental process

It is important to note that the process is iterative and incremental in nature, even
though the step-by-step way in which it is described in this paper might make it
seem like a linear, chronological process. This is illustrated by the following:

e FEach collaboration diagram that is developed for the analysis model, revisits a
specific use case and adds detail and structure to it. The analysis model is, there-
fore, an incremental iteration of the use case model. Similarly, the design model
adds detail to the analysis model.
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Fig. 9  Portion of the sequence diagram for the Create transformer network use case in
the MV cable routing project.
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Fig. 10  Class diagram from the MV cable routing project.

e When moving from the use case model to the analysis model, it can become
apparent that there are some shortcomings in the use case model, so the use case
model passes through more iterations until it is complete.

e Similarly, when moving from the analysis model to the design model, attempts
to find suitable design classes can show up weaknesses in the analysis model,
which should then be revisited and improved.

Testing
Testing has to start as soon as implementation of the design begins. Individual
modules must be tested as they are developed, called module testing. These units
should then be incrementally integrated into a system and testing the composition
of modules is called integration testing.'” The sequence diagrams that are developed
for the design model can be useful during integration testing. Each arrow in the
sequence diagram leads to a point in the code where processing takes place. These
points are useful to help identify where control actions are implemented and where
branch points could occur. Test cases can be constructed to cover all possibilities at
those points. "

Module testing and integration testing can be done in either a top-down or in a
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bottom-up way. In bottom-up testing, one starts by testing low-level modules. They
are then integrated into a higher-level subsystem, on which integration testing is
done and so one moves up to higher and higher levels. In top-down testing, the high
level modules are tested first, using test stubs to simulate the lower levels. The higher
levels are then gradually integrated with lower-level modules. '’

Finally, a system test must be done to establish whether the product meets the
user requirements as set out in the use case model.

All the tests have to be planned. The tests and their results must be documented
in a Test Procedures and Results document.

Tools to support the design process
Booch, Jacobson and Rumbaugh came together and created the Unified Process
under the auspices of the Rational Software Corporation. Rational sells a software
tool, Rational Rose, which is custom-made to produce drawings using the Unified
Process and UML. It is, however, a very expensive tool. For teams developing soft-
ware projects with budgets running into six figures or more, the cost of paying for
such a tool is justified. For small projects, however, the cost cannot be justified.
The beauty of using UML notation is that it is not necessary to have a specialised
tool like Rational Rose. The UML notation can easily be reproduced using an inex-
pensive drawing package. Some of the drawings for the MV cable routing project
were generated using Visio, a drawing package that costs about 1/16th of Rational
Rose. Stencils were created in Visio, and they can be used by all the students so that
the design artefacts can be standardised for a particular research group.

Other features of the software design process

A number of other documents have to be included to make the software design
process complete. For a postgraduate project, a Literature Review is essential, to
show what research was done by the student and to trace the external influences in
developing the algorithms for the project. A References and Bibliography document
is maintained and all the documents that form part of the software design process,
refer to it. This is useful, as it makes it unnecessary to generate a list of references
for each individual document. Once the software has been developed, a technical
manual and a user manual must be written. Finally, the conclusion and results of the
project are contained in a separate document and any technical papers arising from
the project also form part of the technical documentation.

Quality management system

Why is a quality management system (QMS) necessary? A QMS should ensure that
the whole software development process is transparent to anybody who wants to
inspect, reuse or further develop a project. The International Standards Organisation
(ISO) developed ISO 9000, which is a series of standards for quality management
systems. The section of ISO 9000 that is most suited to software development pro-
jects is ISO 9001, ‘Quality systems — Model for quality assurance in design, devel-

opment, production, installation and servicing’.'’
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In the past, postgraduate electrical engineering students at the University of the
Witwatersrand engaged in software development projects, fell under the auspices of
the Software Engineering Application Laboratory (SEAL). The SEAL quality man-
agement system was certified in 1995 by the South African Bureau of Standards as
complying with the requirements of the internationally accepted guidelines set out
in ISO 9001.

To meet the requirements of ISO 9001 is a rigorous and time-consuming process.
The standard is wide-ranging and too onerous for post-graduate students engaged in
one-person projects, that take between one and two years on average to complete.
When the SEAL evolved into the IERP at the end of 2000, the ISO 9001 accredita-
tion was, therefore, allowed to lapse and a less rigorous QMS was developed. It was
designed to comply with the following requirements of ISO 9001 (taken from
requirements listed in Ref. [10]):

e Quality system — a product’s conformity to requirements is ensured through a
quality system. This is done through a set of procedures and instructions.

e Design control — procedures must be established to control and verify that the
design meets its requirements.

e Document and data control.

e Procedures for handling, storage, packaging, preservation and delivery of the
product must be established and documented.

e Internal quality audits must be carried out to verify whether quality activities
comply with planned arrangements and to determine the effectiveness of the
quality system.

The following is a description of the documents that form our new, slimmed-down
QMS.

Master document list

The master document list (MDL) provides a directory of all the documents that form
part of the software development process of a project. There is a standard way of
naming all documents and it consists of a 3-letter project acronym and a number.
The MDL lists the document name, title, status (i.e. draft or approved), and the date
of the last revision. For anybody other than the project developer, therefore, the MDL
is a quick and easy way to see what documentation exists for a project and what the
documents are called, so that they can be easily located.

Configuration management plan

The configuration management plan sets out the naming conventions that are used
for all documentation and electronic artefacts that form part of a project. The naming
conventions are standard for all postgraduate students, but each one has an individ-
ual project acronym that forms part of the name. Standardisation means that the work
of all the students is easily accessible to anybody who understands the system. The
second component of the configuration management plan is to set out the routine
that will be adopted for backing up all electronic copies of documentation and any
other electronic artefacts.
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Project description

All postgraduate students (not just those doing software development projects) are
required to hand in a project proposal to the University administration. This docu-
ment forms part of the project documentation and is called the project description.
The document explains what the aims of the project are and gives a work break-
down schedule that is maintained for the duration of the project. The work break-
down schedule sets out the tasks that have to be completed and the estimated time
required for each task in the form of a Gantt Chart. The Gantt Charts of all students
are reviewed every two weeks. It is a useful tool to help students graduate in as short
as possible a time.

Audits

A system of review of the quality management system is done four times per year

to ensure that projects conform to the QMS. The audit does not check the content

of the project, but merely that documents and electronic artefacts are maintained in

the prescribed manner and that proper records and back-ups are kept of everything.
Other features of the quality management system

A standardised general document template;

Standardised labels for data storage disks and documentation files;

Minutes are kept of all meetings between students and their project supervisors;
Audit reports;

All correspondence pertaining to the project is numbered as prescribed by the
configuration management plan (see above) and filed with the other project
documentation.

Conclusion

The flow chart (Fig. 11) provides a summary of the software development process
for small projects described in this paper. It can be seen that the Quality Manage-
ment System operates in parallel with the development of technical artefacts. Testing
whether this is a good software development process is elusive. The process does
not attempt to meet fully the standards set out in ISO 9001. We believe that it com-
plies with ISO 9001 in a manner that is appropriate for small-scale projects in the
following ways:

e The software development process is a set of procedures and instructions, sup-
ported by templates, to which all IERP postgraduates’ projects will have to
conform in future.

e The Use Case document, which is a deliverable of the design process, ensures
that the design will meet its requirements. It uses techniques developed by
leading software methodologists to make sure that all functional requirements
are captured in the Use Case Design document.

e The configuration management plan sets out the naming conventions that are
used for all documentation and electronic artefacts that form part of a project.
The master document list (MDL) provides a directory of all the documents that
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Fig. 11 Flow chart showing the software development process for small projects.

form part of the software development process of a project. The MDL lists the
document name, title, status (i.e. draft or approved), and the date of the last revi-
sion. The configuration management plan and the MDL together provide docu-
ment and data control.

e The second component of the configuration management plan is to set out the
routine that will be adopted for backing up all electronic copies of documenta-
tion and any other electronic artefacts. This ensures that procedures for handling,
storage, packaging and preservation of the product are in place. Delivery of the
product in this case, is the delivery of an MSc or PhD thesis. The University has
established procedures for this, that apply to all students, not just IERP students.

e Internal audits will be carried out quarterly.
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Projects of the type typically produced by postgraduate students could easily be
hacked together by somebody who is good at coding. We think, however, that by
working within the framework of a software development process, we are equipping
our students with tools that would be valuable to them if they pursue careers in the
IT industry or in management. We are teaching them to be software engineers.

The slim-line software development process has been tailored specifically so that
it would not be a burden to students. Hopefully the process will:

e Help students work more efficiently and complete their post-graduate studies in
less time than the University’s average;

e Make each student’s work sufficiently transparent and understandable for people
other than the product developer;

e Enhance the reusability of projects.

In conclusion, we believe that we have succeeded in producing a software devel-
opment process that is both appropriate and of value for the kind of small-scale soft-
ware projects that are undertaken by postgraduate university students. The real test
will be to see, in the long term, if all IERP members benefit from using the process
and whether it assists more students to graduate more quickly than the average for
postgraduate students at this university.
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