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An Introduction to Software
Engineering

1.1 Introduction

The modern world is dependent on software and software systems are essen-
tial for everything from our National infrastructures and utilities, to manu-
facturing and consumer products, to entertainment systems and media pro-
duction [39]. This dependency is part of the reason you are studying this
course, either you seek to contributed to one of the industries dependent on
Software or simply to be employed. This introductory class will attempt to
provide a overview of the topic and a rational for the topics selected for study
in this introductory module.

1.2 Software Engineering Defined

There are a number of definitions of Software Engineering, considering a
handful of these we’ll then think about some more general definitions of
engineering and consider the common points.

1.2.1 From the NATO conference of Software Engi-
neering

[30]

Software engineering is the establishment and use of sound engineering prin-
ciples in order to obtain economically software that is reliable and works
efficiently on real machines.

1.2.2 IEEE Definition
[16]



1. The application of a systematic, disciplined, quantifiable approach to
the development, operation, and maintenance of software; that is, the

application of engineering to software.

2. The study of approaches as in 1.

1.2.3 Definition from Schach
[33]

Software Engineering is a discipline whose aim is the production of fault-
free software, delivered on time and within budget, that satisfies the client’s

needs.

1.2.4 Definition from Sommerville

[39]

Software engineering is an engineering discipline that is concerned with all
aspects of software production. Software is not just a program or programs
but also includes documentation. Essential software product attributes are

maintainability, dependability, security, efficiency, and acceptability.

Maintainability Software should be written in such a way so that it can evolve to
meet the changing needs of customers. This is a critical attribute
because software change is an inevitable requirement of a
changing business environment.

Dependability and security Software dependability includes a range of characteristics
including reliability, security, and safety. Dependable software
should not cause physical or economic damage in the event of
system failure. Malicious users should not be able to access or
damage the system.

Efficiency Software should not make wasteful use of system resources such
as memory and processor cycles. Efficiency therefore includes
responsiveness, processing time, memory utilization, etc.

Acceptability Software must be acceptable to the type of users for which it is
designed. This means that it must be understandable, usable, and
compatible with other systems that they use.

Figure 1.2 Essential
attributes of good
software

Figure 1.1: from [39).



1.2.5 Other definitions of Engineering

Definitions of software engineering are similar to broader definitions e.g. that
of engineering design:

“Engineering design is the process of devising a system, component, or pro-
cess to meet desired needs. It is a decision-making process (often iterative),
in which the basic science and mathematics and engineering sciences are
applied to convert resources optimally to meet a stated objective.” ABET
Definition of Engineering Design.

1.2.6 Common Aspects

There is clearly a dual emphasis on product and process, i.e. the properties
of the product and the process which creates it. Essentially the software
produced needs to do what the customer/user wants it to do. The process
which produces it must be a reliable one, we need to know how long it will
take, what it will cost and that it will succeed!

An interesting side note here is that the Engineering Design process describes
the application of related (or possibly underpinning,) knowledge in the de-
velopment of engineering problems. In the same way Software Engineering is
underpinned by Computer Science (the theoretical basis of computing,) and
Systems Engineering (the development and evolution of complex systems)

Aside:

The comparison with traditional engineering is a limiting one, while we’ve
borrowed techniques in terms of planned phased delivery, audit, construction
of a complete and clear design etc., there are marked differences [43]:

1. We regularly embark on software development projects beyond our cur-
rent expertise. We use new technology, enter new domains tackle new
kinds of problem.

2. The cost of constructing bridges comes at the end, when we build the
bridge. The cost of copying/downloading/installing software is negligi-
ble all the cost comes with its design and development.

3. Software is logical rather than physical, physical products wear out
over time. Problems with software are caused by errors which have


http://www.abet.org/wp-content/uploads/2015/05/E001-15-16-EAC-Criteria-03-10-15.pdf
http://www.abet.org/wp-content/uploads/2015/05/E001-15-16-EAC-Criteria-03-10-15.pdf

always existed but have only now manifested themselves or changes in
specification. Vilet goes on to argue that software may even wear out
because it is maintained. It is my experience (at that of several mem-
bers of staff,) the software experiences a kind of rot caused by many
little changes over time all though maintenance of the software and its
connected components (e.g. the libraries it uses or OS it runs on).

4. Software is invisible. We can’t see progress as we can when construct-
ing a bridge. This leads to a number of problems when estimating the
time require to undertake or complete a project.

5. Software is not continuous. Where as most physical systems are contin-
uous and some change in their specification leads to a small change in
the product this is not true of software. Small changes in the specifica-
tion lead to large changes have considerable effect. The same is true of
errors in the specification (a typing error crashed Mariner Venus probe,
while a misunderstanding the specification of units caused the lost of
the Mars Climate Orbiter).

1.3 What makes software difficult to create?

Unlike hardware software is abstract and intangible (we can’t see/touch soft-
ware, only the media on which it is stored,) as a result software is not con-
strained by the properties of materials, physics or limitation of manufacturing
[39]. Computers are through software “logically malleable” and can under-
take any task that we can design, train or evolve them to do [29][35], this
makes them both flexible and powerful. In practice this means that software
systems can quickly become complex, difficult to understand and expensive
to change/maintain [39]. The lack of physicality is a major part of the prob-
lem here its hard to inspect or test something which in its final form is
intangible. A bridge for example once constructed can be inspected, tested
etc., code once compiled can only be executed (tested).

Software is abstract and intangible - but powerful.
The resulting range of software which exists further complicates the prob-

lem, there are many different types of software from embedded systems which
themselves are found in everything from power stations to washing machines.



To organisational information systems which again can be found anywhere
from a multinational bank, to a local health authority, to a small business
or large university. Neither of which have much in common with a graph-
ics/physics intensive video game or a sensor driven GPS enabled mobile appli-
cation. Sommerville [39] correctly states that the notion of a single method,
notation, technique etc. for the creation of such any software is pointless.
While all need software engineering techniques, they do not need the same
techniques!

All software needs Software Engineering, but not all software needs
the same Software Engineering techniques.

1.3.1 Spectacular Early Failures

Getting software right is very important, there are many examples of soft-
ware itself and software projects failing, I've selected a handful of early ones
as these are perhaps the best documented.

On the 9th of November 1979 US Strategic Air Command began deploying
its forces in response to a report from the Worldwide Military Command and
Control Systems (WWMCCS) suggested that the Soviet Union had launched
missiles at the US [33]. What actually happened was that test date was in-
terpreted as the real thing, why the system or its users could not distinguish
between real and simulated events is unknown [33]. This later inspired a film
called WarGames.

In a heavily loaded computer system, a steady stream of high-priority pro-
cesses can prevent a low-priority process from ever getting resources, this is
known as priority inversion. The normal course of events would be that the
process would run when the system was quite (e.g. early on a Sunday morn-
ing,) however if the system crashed such processes could be lost. Rumour
has it that, when they shut down the IBM 7094 at MIT in 1973, they found
a low-priority process that had been submitted in 1967 and had not yet been
run [36].

The Maiden flight of the Ariane 5 launcher (June 4th, 1996,) lasted around
40 seconds. The $500M loss was caused by an overflow in the conversion
from a 64-bit float to a 16-bit int. The bug had been present in an earlier
version (from which the component and code was re-used,) but the Ariane 4
(specified some 10 years earlier,) never flew fast enough to trigger this bug.


http://www.imdb.com/title/tt0086567/

A full analysis is provided in [44].

The Therac-25 Medical Linear Accelerator (X-Ray Machine,) a software fault
known as ‘Malfunction 54’ essentially the software didn’t check often enough
that new instructions has been entered. Essentially if the operator changes
two settings with the 8 seconds it takes to configure the system then no
second check is made on the sanity of the parameters given. One patient
received 10 times the safe radiation dose and died 5 months later. A full
analysis is provided in [44].

Most books on Software Engineering have examples of such failures and there
are many websites:
Software Horror Stories - Perhaps one of the best referenced.

The financial losses here and the loss of life (potential or actual,) are signifi-
cant. So what has been done to try and prevent this, the answer is - Software
Engineering!

1.4 Evolution of Software Engineering

This section gives an brief (perhaps too brief introduction to Software Engi-
neering, it writing this section I found some interesting things myself. No-
tably a lot of the ‘new’ ideas which I though were developed in the mid and
late 90’s (such as iterative development,) were actually substantially earlier
an had been reinvented! In the words of George Santayana “Those who
cannot remember the past are condemned to repeat it.”

1.4.1 A Brief History

The term ‘Software Engineering’ was first proposed at a 1968 NATO confer-
ence which considered the "software crisis’ [30]. This conference was organised
after it became clear that existing approaches to software development did
not scale to larger more complex systems and the systems being produced
were unreliable, over-budget and delivered late [39]. The original report
edited by Naur and Randell (referenced above,) makes interesting reading
and some of the problems faced by the industry and the solutions suggested
reveal that while we’ve moved on significantly in the field some practices are
much older than we might think!


http://www.cs.tau.ac.il/~nachumd/horror.html

This quote is from the introduction of [30] and gives the origin of the phrase
“Software Engineering”: “The phrase ’software engineering’ was deliberately
chosen as being provocative, in implying the need for software manufacture
to be based on the types of theoretical foundations and practical disciplines,
that are traditional in the established branches of engineering.” The aim
was to try and make the creation of software more like other engineering
disciplines, at the time these include the addition of design, verification,
prototyping and systematic testing. There are also implications for the man-
agement of the production process.

Sommerville [38] summarises developments between 1968 and 2000 as follows
(I've tried to add references where possible so you can read the original
sources if you wish,) and augmented some of the later sections based on
other sources.

e 1950s

— Evolutionary, itteritive and incremental (IID) development used
on the Mercuray space project [25]

e Late 1960s

— 1968 Nato conference aimed at tackling the ’software crisis’, in-
troduction of Software Engineering as a term. Digitised version
of the report.

— Seminal note (a kind of short paper in a journal,) by Dijkstra on
the dangers of the goto statement in programming.

— Simula67 developed for simulation, early object orientated lan-
guage.

— Trident submarine project uses an IID development method [25].

— Paper proposes an iterative development method rather than wa-
terfall (published 1968 at the IBM T.J. Watson Research Centre)
[25].

e Early 1970s

— Development of the big ideas of structured programming (i.e. se-
quence, selection and iteration). See

— Parna’s paper on the benefits of information hiding.

— Development of the Pascal programming language.


https://ifs.host.cs.st-andrews.ac.uk/Books/SE9/Web/History/
http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
http://simula67.at.ifi.uio.no/Archive/Birth-of-S.pdf
http://trace.tennessee.edu/cgi/viewcontent.cgi?article=1055&context=utk_harlan

Smalltalk language introduces notions of Object Orientated de-
velopment.

e Late 1970s

Early use of software design methods such as Yourdon and Con-
stantine’s structured design.

Development of first programming environments (dBase 2, OS/VS1,
ICCF, ISPF/PDF etc.,) several tools emerge which combined ed-
itor with compiler/debugger around the same time.

By the end of the 1970s most organisations were using some vari-
ation on the waterfall model (see later notes) [33].

Some software written with IID methods including USA Space
Shuttle flight controls (built in 17 four week iterations) [25].

Harlen Mills (a prominent thinker in Software Engineering,) wrote
about the failure of waterfall and the need for IID [25].

USA Department of Defence adopts the waterfall (DoD-2167) [25].

e Early 1980s

Development of the Ada programming language, includes notions
of structured programming and information hiding.

Development of algorithmic approaches to software costing and
estimation. More info. - See section 2.

CASE (Computer Aided Software Engineering) tools introduced
to support design methods. More info.

First edition of course text (Software Engineering by Sommerville,)
published.

e Late 1980s

Increased use of OO though languages such as C++ and Objective-
C.

Introduction of OO design methods.
Extensive use of CASE tools.

DoD estimates that 50% of its software projects are cancelled or
unusable.

IDD changes its mind about waterfall and moves to more IDD
methods (staring in 1987), however legacy waterfall thinking still
confuses some DoD projects [25].
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— Fred Brooks (another big thinker in SE,) publishes The Mythical
Man-Month and wrote about the shortcomings of waterfall and
the need for IID methods.

e Early 1990s
— Object-oriented development becomes mainstream development
technique.
— Commercial tools to support requirements engineering.
— IID widely accepted recognised as the successor to the waterfall
various new methods UP, DSDM, Scrum, XP etc. [25].
e Late 1990s
— Java developed and released (mid 1990s). See very commercial
history here.

— Increasing focus on software architecture, proliferation of client
server applications.

— Notation of component-based software engineering is proposed.
— UML (Unified Modelling Language) brings together several nota-
tions for representing aspects of object-orientated systems.

e Early 2000s

— Use of integrated development tools becomes more common.

— Use of stand-alone CASE tools declines.

Use of UML becomes widespread.

— Increasing use of scripting languages such as Python and PERL
for software development.

— C## released as a Java competitor.

— Evolution of the web
e Mid 2000s [39, 1]
— Birth of "Web 2.0’ the read-write web.

— Shift from dedicated applications to web based applications

— Introduction of Web Services followed by "Software as a Service’
and cloud computing
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— Software more distributed, constructed from re-usable components
this in turn demands incremental delivery.

e Late 2000s [37]

— Increased focus on user experience (UX) across a range of devices
and the introduction of standards.

1.4.2 Where are we now?

This will be a short section for now, we're obviously going to study what is
current though out the course. The big question is have we found the one
true way of producing software?

Moving Target Problem

In 1986 Fred Brooks suggested that there was No Silver Bullet, no one tech-
nical or managerial development which would keep ordinary projects from
becoming monsters [14] (The article was widely re-published the reference is
to a later publication in IEEE Computer). His article (which is easily ob-
tained on-line,) makes interesting reading, he notes a large number of “Silver
Bullet” candidates some of which had at that point not delivered and others
which have not done so since.

More Varied Targets

It is now well established that due to the range of systems being developed
that no one size fits all approach is possible, Sommerville [39] divides software
into Generic Products and Customised (or Bespoke) Products. The former
are usually stand alone and sold on the open market, these include for ex-
ample PC software such as word processors and computer games. We may
also include mobile applications along with so called vertical applications e.g.
generic library systems, dental practice software, shop systems, bar systems
etc. These are designed for specific purpose but not for a single customer
[39]. In such systems the organisation who create the software control the
specification [39] working (one hopes,) to fill a gap in the market or to meet
needs expressed by a focus group or similar.

Bespoke products are those which are created/commissioned by a customer

and usually developed under contract [39]. Control systems for factories and
production lines are usually this kind of system along with air traffic control
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and any critical system. Here the specification is controlled by the company
who ordered the system.

There is some blurring of this distinction more and more systems are based on
a generic base adapted for an individual company [39]. Sommerville [39] sug-
gests Enterprise Resource Planning systems are the best example (e.g. SAP,)
however a more tangible example for you may be the Student Information
System. Another example perhaps is the creation of software under licence,
examples include the development of computer games by games companies
on behalf of major games producers.

General Movement of the Targets

Software Engineering is essentially a moving target problem we keep improv-
ing what we do and how we do it (as detailed in part above,) but in reality
the systems we're trying to create are not only different, but changing.

Sommerville 39 suggests that there are general issues which affect all types
of software:

1. Heterogeneity More varied devices for us perhaps the most tangible
examples are mobile, PC, games platforms but realistically in industry
we often have to integrate with legacy systems written in old languages.
E.g. A student of mine working for a major corporation informed
me that they had three current systems the legacy one (written in
COBOL,) still held policy data and was actively maintained. Such was
the cost of moving the data to a new system management had decided
against it hoping that the volume of data (and cost of storage,) would
decrease enough that by the time the COBOL programmers retired the
cost of moving the data would be less painful.

2. Business and Social Change Business and society are changing and
very quickly, new markets, emerging technologies etc. who could have
predicted the Smart Watch (I did actually, I used it as an example of
something unknown my students could face in the future when I started
teaching this module). Traditional systems were one big program for
one big problem, they were for high risk, hight investment projects
- they were slow and document heavy. As we’ve moved to smaller
less expensive to produce systems and large numbers of interconnected
programs more flexible methods have become popular.
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3. Security and Trust As software becomes more ubiquitous its is increas-
ingly important that it can be trusted. This is especially true given
trends towards remote systems accessed via the a web based interface.
However it is equally true for critical systems, where the cost of failure
could be in terms of lives.

A Range of Weapons

Boehem and Turner [11] suggest that development methods exist on a con-
tinuum from adaptive to predictive, or agile to plan driven. Both approaches
have their homeground [10], i.e. an environment in which they are usually the
superior method, but none provides us with Brooke’s “Silver Bullet”, we’ll
come back to some of these ideas when we discuss development methodolo-
gies in a few weeks time.

My advice is to be pragmatic, there is no one method which you can learn
which works for every project, in fact the ones you find in books are probably
idealised versions of what really happens anyway. Fach project is different
and the best approach is dependent on the people (both users/sponsors and
development team,) and the project (known vs unknown, stability of require-
ments etc.).

In summary you need more than one weapon in your armoury, fortunately
the key processes remain virtually the same. We always: Find out what is
required, plan how we’re going to do it, write the code, make sure we followed
the plan and that we now have what was required!

Fortunately there are some key process in software development which are
common to almost all methods, once you know these applying them (a lot, or
a little,) in different methodologies is straight forward. The contrast between
the methods and their ‘homegrounds’ to borrow a term from Boehem and
Turner adds to our understanding of the topic.

1.5 Software Process
The systematic approach used in software development is sometimes known

as a software process - a sequence of activities which leads to the production
of software [39]. Sommerville defines these as [39]:
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Software Specification =~ Where customers and engineers define the
software to be produced and the constraints on
its operation.

Software Development Where the system is designed, (the software to
be produced is planned out,) and programmed.

Software Evolution The system is modified to reflected changing
customer requirements.

1.5.1 Development Methodologies?

All software development methodologies (which in this context means “a way
of developing a software product”[33],) are some combination of the above
some organised in different ways and undertaken at different levels of de-
tail [39]. A software process then is a simplified view of the activities in a
methodology. We consider these in more detail in future classes (?7), how-
ever a simple example is instructive at this stage.

1.5.2 Example: Waterfall

Waterfall is the simplest of all software methods, essentially take each of
the key processes themselves borrowed from traditional engineering and put
them in order. We must note that while this is the simplest its now more of
an example used for teaching (like Bubble Sort,) and considered too limited
for that vast majority of current real world software problems.

Sahach [33], suggest that until the end of the 1970s most organisations were

using as their life-cycle module what is now termed the waterfall model. This
has the following six phases [33]:
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Requirements phase Explore and refine the concept, work out
what the customer needs/wants.

Analysis phase Analyse the above, document this in terms
which are as explicit as possible to avoid
mistakes. Plan the rest of the process.

Design phase Design the system, this usually entails some
notion of Architectural Design (what are the
big bits of the system,) and Detailed (or
modular) Design (the bits inside the big
bits).

Implementation phase Code and Test (these phases are sometimes
separated with the small bits tested during
the coding and the whole system tested at
the end.

Post delivery maintenance Maintain (fix bugs,) adapt to change - e.g.
decimalisation in the 1970s, the millennium
bug etc.

Retirement Replace the whole system with a new one
and retire the old one.

The similarity between this and the common Software Processes outlined by
Sommerville in the last section should be obvious also perhaps the similar-
ity to engineering or manufacturing. Schach [33] notes that these names are
not standard and the phases were often renamed by individual organisations.
He also notes that the Implementation and Maintenance phases have only a
temporal distinction, if the client wanted a change before the product was
delivered its development the day after delivery its perfective maintenance.

While Schach describes the process very well, he doesn’t provide the obligi-
tory diagram of the waterfall model which perhaps gives rise to its name see
1.2

Given that most projects take many years there is an obvious (I hope,) flaw
with this method, i.e. if something changes while the process is on going
(there is a change in requirements), we have to go back this takes time and
costs money!!

1.5.3 Cost of Finding Flaws?

The cost of finding software flaws rises dramatically with the stage at which
they a found [33]. See
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Requirements
Definition
System and
Software Design
Implementation
and Unit Testing
Integration and
System Testing

( Operation and

Figure 2.1 The Maintenance
waterfall model

Figure 1.2: from Sommerville [40]: The Waterfall Model

Data from traditional modules shows that this is at best a linear increase in
cost, however later data suggests that as projects have become more complex
this begins to look more like an exponential increase [33]. See

1.5.4 So what is Software Engineering?

Having looked at the definitions of software engineering, a littel of its history
and some of the background lets re-consider our definition of Software Engi-
neering. [43] suggests that the following characteristics are always present,
in Software Engineering.

e Software Engineering concerns the development of large pro-
grams DeRemer and Kron made the distinction between programming-
in-the-small and programming-in-the-large in 1976 [1I7]. The latter is
used to programs written by one person in a short period of time, while
the latter refers to multi-person jobs spanning more than six months.
Traditional tools and methods were aimed at programming-in-the-small
(think flowcharts and structured programming,) these cannot be di-
rectly transferred to larger developments.

e Mastering Complexity In general the problems we need to solve are
complex. This is usually not in terms of what needs to be done, i.e.
not all problems involve the solution of complex equations or low level
optimisation, but the number of details which need to be considered.
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Figure 1.3: from [33].

We seek to master this complexity by dividing it into smaller commu-
nicating parts, this contextualises these details and allows parts of the
problem to be grasped. An analogy could be the constituent parts of a
portable radio, here an amplifier, receiver, tuner, speaker etc., are con-
nected by thin wires. Each component can be designed, constructed
and tested in isolation before assembly.

e Software Evolution Most software models an element of the real
world, e.g. bank transactions, hotel reservations etc., this reality changes
over time and if systems are to avoid becoming obsolete they must also
evolve. Other software such stand alone applications and games must
also change, consider the frequent updates, expansion packs and the
increased use of on-line services and on-line play in these applications.

e Efficiency of Development Software engineering both as a discipline
and a profession constantly searches for new ways to create high quality
software quickly. As programmable devices become ever more common
demand for software grows, however time-to-market demands also in-
crease as does and the cost and time required to develop software of
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ever increasing complexity.

e Regular Cooperation As the problems are large, many people have
to work on them concurrently. Teams, often in different geographic
locations must work together. The distribution of work, methods of
communication, responsibility etc., must be arranged and enforced with
standards and procedures. This requires discipline from those involved.

e Software must be ’fit for purpose’ In the context of bespoke sys-
tems, this means ensuring that the system we produce is what the
users want. The system must make what they have to do easier/faster
etc., or they’ll work around it, avoid using it, etc. This may include
training users to use the system and ensuring it works in its intended
environment. Where software is safety critical (e.g. nuclear power
stations, air traffic control etc., ) the software we produce may be re-
sponsible for the lives of others. In the vast majority of companies
ensuring user/customer /player satisfaction is vital for the commercial
continuation of the product and the company.

e Software Engineering is a field in which members of one cul-
ture create artifacts on behalf of members of another culture
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This relates closely to the last two points, software engineering in gen-
eral involves you (an expert in programming, software development
etc.,) building a system for a major bank, newsagent, plane etc. It
is often the case that software engineers lack the factual knowledge of
the domain, but also knowledge of the organisational culture. These
may or may not match with what is documented in procedures but
remains critical to success. This also makes teaching Software Engi-
neering more difficult, as case studies and coursework will require us to
gain a little domain knowledge of a possibly fictional domain to apply
that knowledge as we would in a real project.

e Software is a compromise In most cases it is futile to assume that
the requirements outlined at the start of the project are the only cri-
terion for success. In fact most requirements are negotiable in light of
business, technical and political constraints which influence the project.
The selection of a particular library of language may by taken based
on developer experience (to ensure speed and success of the project,)
rather than features. In extreme cases the availability of software
components may determine the functionality of the software produced
(though arguably this is the tail wagging the dog).

In his introduction to software engineering Vilet [43] states in summary that:
Software Engineering is not the same as programming, but programming is
certainly part of Software Engineering. Sound engineering practices are re-
quired to get useful products. Psychological and sociological aspects play a
role in the communication between, human and machine, organisation and
machine and between humans. That the development process must be con-
trolled, which is a management issue. Vilet suggests that mathematical as-
pects play a role in terms of the correctness of software, though this is only
really applicable to certain types of software.

1.6 Why do YOU need to know?

Lots of people write programs and it helps to make a distinction between the
sort of development that goes on [I7] make this distinction in terms of pro-
gramming in the small and programming in the large. They and others [33]
concede that this is not a sharp boundary, but there is certainly a difference
between programs written by one person in a short time and those written
by many hundreds over a year or so. Schach [33] suggests that traditional
tools (such as flowcharts,) and methods such as structured programming (se-
quence, selection and iteration,) are no longer sufficient for programming
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in the large. In fact, the term program itself is probably not adequate to
describe the present day software systems which are often a number of (in-
terconnected) programs or components.

You as students spent last year very much programming in the small (think
of your introductory programming module - and shudder). The programs are
not going to get much bigger this year but we’re creeping ever closer to the
tipping point where a more professional and considered approach is required.

Sommerville [39] goes a little further suggesting that professionally developed
software is that which is intended for use by someone other than the original
developer and is maintained throughout its life. Therefore the program is
only part of a greater whole, we must take into account the documentation
of the software (in terms of its construction and use,) how it will be main-
tained etc. along with associated configuration data.

While I broadly agree with Sommerville, I would argue that any software you
want to be of use to anyone (including yourself,) over a long term needs to
be professionally produced. Including the creation of appropriate documen-
tation, having re-written software on several occasions due to maintenance
issues this is a painful lesson you can avoid. Next year you’ll need to under-
take a project and demonstrate you can develop that software professionally,
this will hopefully be something which impresses your future employer.

Warning: This section exposes a key problem in teaching programming in
the large to students at university, there is no coursework/project that can
be set which is guaranteed to cross the line between small and large. In this
module you will apply the techniques for a large project to a small project
and this will seem like overkill, because it is. Remember the focus is on
learning the techniques for the future not creating software x for
the assignment!

1.6.1 Roadmap for the Module

The (perhaps ambitious) roadmap for the module is as follows:

e Consider the common software processes (analysis, design, implemen-
tation, testing)

e Look at the combination of these into Software Development Method-
ologies (and their underlying general process models).
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e Take an agile (iterative) approach to teaching the 'methods’ common
to a number of methodologies:
First iteration Just enough to get simple application created
essentially run though a simplified software process.
Second iteration Adding detail, looking at alternative and
complementary techniques etc.

e Consider professional issues concerned with software development e.g.
project management, ethics etc.

1.7 Tutorial - Definitions and Rationales

Prime Examination Question!

You're task is to split into pairs (or very small groups,) and search for good
definitions of Software Engineering and good reasons it continues to develop.
You’ll then complete based on the following scoring system.

1. Two quotes and two rational elements, 2 points for each. Each exam-
ple must be sufficiently documented, i.e. you’ll need to correctly quote
and reference the definition and reference the rational.

2. For each example over your two - 1 point per example.
3. References for the above:

e Journals, Conference papers, Books, Published Reports, PhD and
MSc Thesis - 2 points for each.

e Product, university, company web pages - 1 point for each.

e Blog, personal website, bloke in the pub - 0 points for each.
4. Bonus Points

e [f you are the only group with a given example - 5 points for each.

e The group with the most recent example - 5 points

The results will be written up and added to this section of the notes.

1.8 Summary

In summary Software Engineering is programming-in-the-large. But even the
term program (as in a single software artefact executed by a user) is way out
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of date. Software Engineering is an area of study/practice concerned with
the managed development of software systems. It is continually evolving to
keep pace with changes in technology, software use, software architecture,
team and project management, programming etc. but remains focused on
the need to develop high quality software, which is fit for a given purpose
within a specified time/budget.

Adhoc methods don’t scale to large projects, we need ‘a way’ some method
which we follow or work within. This doesn’t removed the creative element of
programming (us developing a solution to a problem,) but it looks to provide
a framework in which the creative efforts of multiple individuals (or the same
individual over a long period of time,) can be organised.

1.9 Preparation for Next Week

A nice easy one this week to get you into the spirit of things in year two. I
want you to read this chapter:

Sommerville, I. (2011a). Software Engineering, chapter Introduction, pages
3-27. Addison Wesley, 9th edition

YOU will need to do the preparatory work ahead of next weeks
class!
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