CHAPTER
Software - problems

and prospects

This chapter:

m reviews the goals of software engineering
m describes the difficulties of constructing large-scale software
m analyses the problems that software engineers face.

1.1 @ Introduction

Softwarc Engincering is about methods, tools and techniques used for developing soft-
warc. This pardeular chaprer is concerned with the reasons tor having a ficld of study
called software engincering, and with the problems that are ¢cncountered in developing
softwarc. This book as a whole explains a varicty of techniques that attempt to solve the
problems and mect the goals of softwarce cngincering,.

Softwarc surrounds us cverywhere in the industrialized natdons — in domestic apphi-
ances, communications systems, transportation systems and in businesscs. Software comes
in ditferent shapes and sizes — from the program in a mobile phone to the software to
design a new automobile. In categorizing software, we can distinguish two major types:

m system software is the software that acts as tools ro help conseruce or suppore appli-
carions software. Examples are operating systems, databases, nerworking, software,
compilers.

m applications soflwareis sofiware that helps perlorm some dircetly usclul or enjoyable
task. Examples arc games, the sofiware {or automatic tclier machines (A'1'Ms), the
control soltware in an airplanc, c-mail soltware, word proccssors, spreadshects.

Within the category of applications software, it can be useful to identify the following
categories of software:

B gamcs

m information systems — systems that storc and access large amounts of dara, for cx-
ample, an airlinc scar rescrvarion system
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Chapter 1 B Software - problems and prospects

m  rcal-time systems — in which the compurer must respond quickly, tor cxample, the
control sofrware for a power station

m  cimbedded systems — in which the computer plays a smallish role within a larger sys-
tem, for cxample, the softwarc in a telephone exchange or a mobile phone,
Embedded systems are usually also real-time systems
office software — word processors, spreadshects, ¢-mail
scientific software — carrying out calenlations, modeling, prediction, tor example,
weather torecasting.

Softwarc can cither be off-the-shelf (¢.g. Microsoft Word) or tailor-made for a particu-
lar application (c.g. softwarc for the Apollo moon shots). ‘Lhe latter is sometimes called
bespoke software.

All these types of software — cxcept perhaps information svstems — fall within the
renit of softwarce engincering. Information systems have a ditferent history and, gener-
ally, different techniques arce used for their development. Often the mature of the data
{information} is uscd to dictatc the structure of the softwarc, so that analvsis of the data
is a prime step, leading to the design of the databasc for the application. "L'his approach
to softwarc development is outside the scope of this book.

Comnstructing softwarc is a challenging task. cssentially because software is complex.
‘Lhe pereeived problems in software development and the goals that software develop-
ment secks to achicve arc:

meetng users’ needs
low cost of production
high performance
portability

low cost of maintcnance

high reliabilicy

delivery on time.

Each goal is also considered to be a problan because software engincering has gener-
ally been rather unsuceesstul at reaching them. We will now look at cach of these goals
in turn. Later we will look at how the goals relate one to another.

In the remainder of this book we shall sce that the development of particular types
of softwarc requires the use of spedial techniques, but many development techniques
have general applicability.

L F
1.2 ® Meeting users’ needs
Tt seems an obvious remark to make that a piece of software must do what its users want
of it. Thus, logically, the first step in developing some software is to find out what the

client, customer or user needs. This step is often called requirements analysis or require-
ments enginecring. It also seems obvious thac it should be carried out with some care.
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1.3 The cost of software production
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Figure 1.1 Effectiveness of typical large software projects

‘There is evidence, however, that this is not always the case. As cvidence, one study of
the cffectivencss of large-scale software projects, Figure 1.1, tound that less than 2%
were used as delivered.

These figures arc one of the few picees of hard cvidence available, because (not sur-
prisingly) organizations arc rather scerctive about this issue. Whatever the cxact fig-
urcs, it secms that a large proportion of systems do not meet the necds of their uscrs
and are therefore not used as supplied. It may be, of course, that smaller systems arc
more successful.

We mighr go further and deduce rhar the main problem of software development
lics in requirecmenrs analysis rather than in any orher arcas, such as reliability or cost,
which arc discussed below.

The rask of trying ro cnsure that software docs whar irs users wanr is known as
validation.

1.3 @ The cost of software production

Examples of costs

First of all, let us get some idca of the scale of software costs in the world. i the USA
it is estimatcd that about $500 billion arce spent cach vear on producing software. "L'his
amrounts to 1% of the gross national product. The estimated figure for the world is that
$1,000 billion is spent cach yvear on software production. These figurcs arc set to risc
by about 15% cach vear. Lhe operating systeny that IBM developed for one of its major
range of computers (called OS 360) is cstimated to have cost $200 million. Ln the
USA, the software costs of the mannced space program were $1 billion between 1960
and 1970.

These examples indicate that the amount spent on softwarc in the industrialized
nations is of significont proportions.
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‘ Chapter 1 B Software - problems and prospects

Programmer productivity

The cost of software is determined largely by thie productivity of the programmers and
the sakarics that they are paid. Perhaps surprisingly, the productivity of the average pro-
grammer is only about 10-20 programming language statements per day. To the layper-
son, a productivity of 20 lines of code per day may well scem disgracetul. However, this
is an avcrage figure that should be qualificd in two ways. First, cnormous differences
berween individual programmers — tactors of 20 — have been found in studics. Sccond, the
software type makes a difference: applications software can be written more quickly than
systems software. Also, this apparently poor performance docs not just reflect the time
taken to carry out coding, but also includes the time required to carry out claritying the
problem specification, software design, coding, testing and documentatdion. Therctore,
the software engincer is involved in many more tasks than just coding. However, what
is intcresting is that the abovce figure for productivity is independent of the programming
language vsed — it is similar whether a low-level language is used or a high-level language
is uscd. Lt is therefore more difficult than it inicially appears to attribute the level of pro-
ductivity to laziness, poor tools or inadequate methods.

1.1 A well-known word processor consists of 2 million lines of code.
Calculate how many programmers would be needed to write it, assum-
ing that it has to be completed in five years. Assuming, that they are each
paid $50,000 per year, what is the cost of development?

Predicting software costs

Tt is very ditficulr to predict in advance how long it will rake to write a particular piece
of software. Tr is not uncommon fo underestimate the required effort by 50%, and
hence the cost and delivery date of software is also attecred.

Hardware versus software costs

The relative costs of hardware and software can be a lively bartleground for contro-
versy. Tn the early davs of computers, hardware was costly and software relacively cheap.
Nowadays, thanks to mass production and miniacurization, hardware is cheap and soft-
ware (labor intensive) is expensive. So the costs of hardware and software have been
reversed. These changes are reflected in the so-called “S-shaped curve”, Figure 1.2,
showing the relative costs as they have changed over the years. Whereas, in about 1955,
software cost typically only about 10% of a project, it has now escalated to 90%, with
the hardware comprising only 10%. These proportions should be treated carcfully.
They hold for certain projects only and not in each and every case. In fact, figures of
this kind are derived largely trom one-off large-scale projects.
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Figure 1.2 Changes in lhe refalive cosls ol hardware and sollware

1.2 Someone buys a PC, with processor, monitor, hard disk and printer.
Thev also buy an operating svsiem and a word processing package.
Caleulate the relative costs of hardware and soliware,

We will now look at a number of issnes thace affecr the popular perception of soft-
ware and ifs costs.

The impact of personal computers

Perhaps the greatest influence on popular perceptions of sottware costs has come abour.
with the advent of personal computing. Many people buy a PC for their home, and so
come to realize very clearly what the costs are.

First is the “rock and roll” factor. If you buy a stereo tor $200, yon don’t expect to
pay $2,000 for a CD. Similarly, if you buy a PC for $1,000, you don’t expect to pay
$10,000 for the sotitware, which is what it would cost if yon hired a programmer to
write it for you. So, of course, software for a PC either comes free or is priced at abour
$50 or so. Tt can be hard to comprehend that something for which you paid $50 has
cost millions of dollars to develop.

Second is the teenager syndrome. Many school students write programs as part of’
their studies. So a parent might easily think, “My kid writes computer programs. What’s

b2l

s0 hard about programming? Why is software so expensive?
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‘ Chapter 1 B Software - problems and prospects

Software packages

There has been another significant reaction to the availability of cheap compurers. If
you want to caleulate vour tax or design your garden, you can buy a program off the
shelf to do it. Such software packages can cost as litde as $30. The reason for the
remnarkably low price is, of course, that the producers of the software scll many idend-
cal copics — the mass production of software has arrived. The problem with an oft-the-
shelt package is, of course, that it may not do exactly what you want it to do and you
may have to resort to talor-made software, adapt your way of lifc to fit in with the soft-
ware, or make do with the inadequacics.

Nonctheless, the availability of cheap packages conveys the impression that softwarc
is cheap to produce.

Application development tools

If you want to create certain tvpes of applications software very quickly and easily, sev-
eral development tools are available. Notable examples of these tools are Visual Basic
and Microsott Access. These tools enable certan types of program to be constructed
very easily, and even people who are not programmers can learn to use tools like a
spreadsheet (e.g. Microsoft Excel). Thus a percepton is created that programming is
easy and, indeed, that programmers may no longer be necessary.

The truth is, of course, that some software i1s very simple and easy to wiite, but most
commercially used software is large and exiremely complex.

The IT revolution

The sophistication ol 1oday’s sofiware far oulsivips that ol the past, For example, com-
plex graphicat user interfaces (GUT’s) are now scen as essentiat, systems are commonly
implemented on the web, and the sheer size ol projecis has mushroomed., People and
organizations cxpect ever more facilities [rom computers, Arguably, as hardware becomes
available 10 make previously impractical soliware projects feasible, soltware costs can only
continue 1o cscalate,

Tn summary, what we sec today is that soltware is cxpensive:

relative to the gross national product

because developers exhibit apparently tow productivicy

rclative 10 the cost of hardwarce

in popular pereeption.

How is the cost made up?

It is interesting to sce which parts of a sottware development project cost most moncy.
Figurc 1.3 shows typical figurcs.

Clearly the cost of testing is enormous, whereas coding constitutes only a small part
of softwarc development. One interpretation of this is that if a new magical development
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1.3 The cost of software production
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Figure 1.3 Relative costs of the stages of software development

method was devised that ensured the software was correct from the start, then testing,
would be unnecessary, and therefore only half the usual eftort would be needed. Such

a method would be a discovery indeed!

If mistakes are a major problem, when are they made? Figure 1.4 shows figures
showing the mumber of errors made at the various stages of a typical project:

ITowever, this data is rather misleading. What macters is how much it costs to fix
a fault. And the longer the tault remains undiscovered, the more a tault costs to tix.
Errors made during the carlicr stages of a project tend to be more expensive, unless they
are discovered almost immcediately. Henee Figure 1.5 showing the relative costs of fix-
ing mistakes in a typical project is probably more relevant.

A design flaw made carly in the project may not be detected until late on in system
tesung — and it will certainly involve a wholc lot of rework. By conwrast, a syntax crror
in a program madc late in the project will be automatically detected on a first compila-

tion and then casily corrected.

Programming
and |
logic !

syntax N\
y” g
1]

Figure 1.4 Relalive numbers of errors made during the slages of sollware development
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Figure 1.5 Relative cost of fixing different types of fault

1.4 ® Meeting deadlines

Meccting deadlines has always been a headache in sottware production. For example, sur-
veys have consistently shown thar this is the worst problem faced by project managers.
‘I'he problem is relared to the difficuly of predicting how long it will take to develop
somcthing. It vou do not know how long it is going to take, you cannot hope to mect
any deadline. It is a common experience tor a software project to run late and over
budget, disappointing the client and cansing despair among the software team. Evidence
suggests that around 60% of projects exceed their inittal budgers and around 50% are
completed late. Whatever the exact figures, meeting deadlines is clearly a problem.

Back in the 1980s, TRM’s major new operating svstem {calted (S 360) for its prime
new range of computers was one vear late. The computers themselves langnished in
warchouses waiting to be shipped. Microsoft’s NT operating svstem was atlegedly also
a year late.

1.5 @ Software performance

This is sometimes called efficiency. This terminology dates from the days when the cost
and speed of hardware meant that every effort was made to nse the hardware  primarily
memory and processor  as carefully as possible. More recently a cultural change has
come about due to the increasing speed of computers and the fall in their cost.
Nowadays there is more emphasis on meeting people’s requirements, and conse
quently we will not spend much time on performance in this book. Despite this, per
formance cannot be completely ignored  often we are concerned to make sure that:

an intcractive system responds within a rcasonably short time
a control signal is output to a plant in sufficient time

a game runs sufficiently fast that the animation appears smooth

a baich job is not taking 12 hours when it should take onc.
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1.7 Maintenance

1.3 Identify two further software systems in which speed s an important
factor.

The prablem with fast run time and small memory usage 1s that they are usually
mutually contradictory. As an cxample to help sce how this comes about, consider a pro-
gram to carry out a calculation of tax, We could cither carry out a calculation, which
would involve using relatively slow maching instructions, or we could usc a lookup table,
which would involve a relatively fast indexing instruction, “he first case is slow but small,
and the sccond casc is fast but large. Generally, of course, it is wecessary to nvake a judg-
ment about what the particular performance requirements of a picee of softwarc arc.

1.6 ® Portability

The dream of portability has ahvays been to transter software from one type of com-
puter to another with the minimum expenditure of effort. With the advent of high-level
languages and the establishment of international standards, the prospects looked bright
for the complete porrabihity of applications programs.

The reality is that market forces have donnated the situation. A supplicr secks 10
attract a customer by ofTering lacilitics over and above those provided by the standard
language. Typically these may lessen the work of soliware development. An example is
an ¢xolic hle access method. Once the user has bought the sysiem, he or she is locked
into using the special facilitics and is reliant on the supplicr (or developments in cquip-
ment that are fully compatible. 'The contradiction s, of course, that cach and every user
is ticd Lo a particular supplicr in this way, and can only switch allegiance at a consider-
able cost in converting software, Only larse uscrs, like government agencics, are pow-
crlul enough 1o insist that supplicrs adopt standards.

Given this piciure of applications soliware, what are the prospects lor systems soft-
ware, ltke operating svsiems and filing systems, with their closer dependence on specific
hardware?

1.7 ® Maintenance

Maintenance is the term for any effort that is put into a piece of software after it has
been written and put into operation. There are two main types:

w  remedial maintenance, which is the time spent correcting faults in the sofiware (lix-
ing bugs)

m  adaptive maintenance, which is modifying software cither because the uscrs’
nceds have changed or because, for example, the computcer, operating system or
programming language has changed
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12 Chapter 1 B Software - problems and prospects

Remedial mainrenance is, of course, a consequence ot inadequare resting. As we shall
see, effecrive resting is nororiously ditficult and ame-consuming, and ir is an accepred
fact of lite in software engineering that mainrenance is incvirable.

Tt is often difficult to predict the future ases for a picee of sofrware, and so adaprive
mainrenance is also rarely avoided. Bur because software is called sott, it is somerimes
believed thar ir can be modified casily. In reality, sottware is Drittle, like ice, and when
you try to change it, it tends ro break rather than bend.

In cirher case, maintenance is usually regarded as a nuisance, borh by managers, who
have ro make sure that there are sufficient people to do ir, and by programmers, who
regard ir as less interesting than writing new programs.

Some idea of the scale of what has been called the “maintenance burden” can be
appreciated by looking at a chart, Figure 1.6, showing typical figures for the amount of
time spent. in the different activities of developing a particular piece of software.

In a project like this, the maintenance efforr is cleary overwhelming,. Tt is not unusu-
al for organizations rhat use well-established compurter systems to be spending three-
quarters of their programming time on maintenance.

Here are some more estimares:

world-wide, there are 30 billion lines of Cobol in use today

in the United Stares, 2% of the GNP is spent on software maintenance

in the UK, £1 billion (about $1.5 million) annually arc spent on software
maintenance

The millions of lines of program written in what many people consider to be out-
dated programming languages (like Cobol) constitute what arc known as legacy systems.
Thesc are software systems that are up to 30 years old, but in full use in organizations
today. They are otten poorly documented, cither because there was no documentation

Design 5% Requirements 3%

Coding 7% J Specification 3%
Unit test 8% \ /
\“ / \\“

\ Maintenance /
67%

Figure 1.6 Relative costs ot the stages ot sottware development
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in the first place or because the documentation is uscless because it has not been kepr
up ro dare as changes have been made. Legacy systems have been written using
expertise in tools and methods that are rarely available roday. For these reasons, it is expen-
sive to update them o meet ever-changing requirements. Equally, it would be expen-
sive to rewrite them from scratch using a contemporary language and methods. Thus
legacy systems are a huge hability for organizations.

Another major example of the problems of maintenance was the mzllenninm buyg.
A greatr deal of software was written when memory was in short supply and expensive.
Dates were therefore stored cconomically, using only the lase two digits of the year, so
thar, for example, the year 1999 was stored as 99. Afrer 2000, a compurer could frear
the date value 99 as 1999, 2099 or even 0099. The problem is that the meaning rthar
1s artached to a year differs from one system to another, depending on how the indi-
vidual programmer decided to design the software. The only way to make suare that a
program worked correctly after the vear 2000 (termed year 2000 compliance) was to
examine it line by line to find any reference to a date and rhen ro fix the code appro-
priately. This was an immensely time-consuming, skilled and therefore costly process.
The rask often needed knowledge of an ourdated programming langunage and cerrain-
ly required an accurate understanding of the program’s logic. The penalties for nor
updating software correctly are potentially immense, as modern organizations are totally
reliant on compurter systems for nearly all of rheir acrivities.

1.8 @ Reliability

A picce of software is said ro be reliable it it works, and continucs to work, without
crashing and without doing something undesirable. We say that software has a bug
or a fault if it docs not perform properly. We presume that the developer knew what
was required and so the unexpected behavior is not intendced. It is common to talk
about bugs in softwarc, but it is also uscful to define some additional rerms morce
clearly:

m error — a wrong decision made during software development
m fanlt - a problem that may cause software to depart from ivs intended behavior

m  failure — an event when software departs from its intended behavior.

In this terminology, a favult is the samic as a bug. An crror is a mistake madc by a
human being during onc of the stages of software development. An crror causcs onc or
morc faults within the softwarc, its specification or its documenration. In turn, a fauk
can causc onc or morc faiturcs. Failures will occur while the svstem is being tested and
after it has been put into usc. (Confusingly, some authors use the rerms fault and fail-
urc differently.} Failures arc the symptom thar users cxpericnce, whereas faults are a
problem that the developer has ro deal with. A fault may never manifest itsclf because
the conditions that causc it to make the software fail never arise. Converscly a single
fault may cause many different and frequent faiturcs.
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The job of removing bugs and rrying to ensure reliability is called verification.

There is a close but disrinet relatonship between rhe coneept of reliability and
thar of meering users’ needs, mentioned above. Requirements analysis is concerned
wirh esrablishing clearly what the user wants. Validarion is a collecrion of rechniques
thar rry to ensure that the software does meet the requirements. On the otler hand,
rehiabilitv is to do with the technical issue of whether there are any faulrs in the
sottware.

Currently resting is one of the main techniques for rrying ro ensure rhat software
works correctly. In testing, the software is run and irs behavior checked against what is
expected to happen. However, as we shall see larer in this book, rhere is a tundamental
problem witly testing: however much you rest a piece of software, you can never be sure
that vou have found every last bug. This leads us to assert fairly confidently the unset-
tling conclusion thar every large piece of software conrains errors.

The recognition that we cannot produce bug-tree sottware, however hard we try, has
led to the concept of good enough software. This means rhar the developer assesses what
level of faults are acceptable for the particalar project and releases the software when
this level is reached. By level, we mean the number and severity of faults. For some
applications, such as a word processor, more faults are acceprable than in a safety criti-
cal system, such as a drive-by-wire car. Note thar this means that good enongh software
is sold or put into productive use knowing that it contains bugs.

On the orher hand, another school of thought says that if we can only be careful
enough, we can creare zero defect suftware — software that is complerely fault free. This
approach involves the use of stringent quality assurance techniques that we will exam-
ine later in this book.

One way of gauging the scale of the reliability problem is to look at the following
series of caudonary takes.

In the carly days of computng — the days of batch data-processing systems — it used
to be part of the folldore thar computers were regularly sending out fuel bills for (incor-
rectly) enormous amounts. Although the people who received these bills might have
been seriously distressed, particularly the old, the situadon was widely regarded as
amusing. Reliability was not treated as an important issue.

IBM’s major operating system OS 360 had at least 1,000 bugs each and every rime
it was rercleased. How is this known (after all we would expecr thar IBM would have
corrected all known errors)? The answer is that by the time the next release was issued,
1,000 errors had been found in the previous version.

As part of the US space program, an unmanned vehicle was sent ro look at the
planet Venus. Part way through its journey a course correction proved necessary. A
computer back at mission control executed the following statement, written in the
Fortran language:

DO 3 I =1.3

‘T'his s a perfectly valid Fortran statcment. 'The programmer had intended it to be a rep-
ctition statcment, which is introduced by the word Do. However, a DO statement should

www.it-ebooks.info

N
|




1.8 Reliability

comrain a comma rather than rhe period characrer actually used. The use of the period
makes the srarement into assignment statement, placing a value 1.3 inro the vanable
named DO3I. The space probe murned on the wrong course and was never seen again.
Thus simall errors can have massive consequences. Norte rhar tlus program had been
compiled successtully without errors, which illusrrares how language norarion can be
important. Bugs can be syntactically correet bur incorrect for rhe job they are required
tor. The program had also been thoroughly tesred, which demonstrares the limirarions
of resring rechniques.

In March 1979, an error was tound in the program rhar had been used ro design the
cooling systems of nuclear reactors in the USA. Five plants were shut down becanse
rheir satety became questionable.

Some vears ago, the USA’s system for warning againse enemy missiles reported rhat
rhe USA was being artacked. Tt turned out to be a talse alarm — the resulr ofa computer
error — but betore the error was discovered, people went a long way into the procedures
for reraliating using nuclear weapons. This happened nor just once, bur three times in
a period of a year.

Perhaps the most expensive consequence of a software fault swas the crash, 40 sec-
onds after blast-off, of the European Space Agency’s Ariane 5 lwancher in June 1996.
The loss was estimared at $500 million, luckily wirhour loss of life.

In 1999, the website tor eBay, the internet auction site went down for 22 hours. As
the markets began ro doubt that eBay could adequately maintain its key technology, $S6
billion was wiped oft the share value of the company.

The incidents related above are just a few in a long catalog of expensive problems
caused by sottware errors over the vears, and there is no indicagon that the simation is
improving.

How does the reliability of software compare with the reliability of hardware? Studies
show that where both the hardware and software are at comparable levels of develop-
ment, hardware fails three times as often as software. Although this is grounds tor
fricndly nvalry between software and hardware designers, it can be no grounds for com-
placency among software people.

There are particular applications of computers that demand particularly high reli-
ability. These are known as safety-crizical systemss. Examples are:

m  {ly-by-avire control of an aircrall
m control of critical processes, such as a power station

m  control of medical equipment

Ln this book, we will look at techniques that can be used in developing svstems such as
thesc.

Lt is not always clear whether o picee of software is safety related. 'The example men-
tioned carlicr of the faulty softwarc used in designing a power plant is just one example.
Another example is communications software thac mighe play a critical role in summon-
ing help in an cmergency.

The conclusion is that, generally, software has a poor reputation for reliability.
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1.4  Idcutify three further cxamples of software systems that are safety criti-
cal and three that arc not.

1.9 ® Human-computer interaction

The user interface is what the human user of a software package sees when they need to
use the software. There are many examples of computer systems that are not casy to use:
many people have difficulty programming a vidco cassctte recorder (VCR)
some people find it difficult to divert a telephone call to another user within an

organization

ln recent years, many interfaces have become graphical uscr interfaces (GUILs) that
usc windows with features like buttons and scroll bars, together with pointing devices
like 2 mousc and cursor. Many people saw this as a massive step in improving the uscr
interface, but it remains a challenging problem to design a user interface that is simple
and casy Lo usc.

1.5 Think uf rwo computer-based svstems that vou know of thar are ditfi-
culr to use in some way or another. Alternafively, rhink of v feanares
of a program you use that are difficulr to use.

1.10 @ A software crisis?

We have discussed various perceived problems with software:

it fails 10 do what users want it 10 do

it is cxpensive

it isn’t always fast enough

it cannot be transterred to another machine casily
it is cXpensive 10 maintain

it is unrcliable

it is often late

it is not always easy to use.
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Figure 1.7 Complementary and conflicting goals in a software project

Of these, meeting users” needs (validation), reducing software costs, improving reli-
ability (veritication} and delivery on time are probably the four most important present-
day problems.

Many people argue that things have been so bad — and continue to be so bad — that
there is a continuing real “crisis” in software development. They argue that something
must be done about the sitvation, and the main remedy must be to bring more scien-
tific principles to bear on the problem — hence the introduction of the term software
engineenng. Indeed, the very term software engineering conveys that there is a weight-
icr problem than anses in small-scale programming,

One of the obsracles to rrying to solve the problems of software is thar very offen
they conflier wirh cach other, For example, low cost of construcrion and high reliabil-
ity conflict, Again, high performance and portability are in conflict. Figure 1.7 indicates
the situarion,

Happily, some goals do not conflict with cach other, For example, low cost of nvain-
remance and high reliability are complementary.

1.11 e A remedy - software engineering?

As we have scen, it is gencerally recognized that there are big problems with develop-

ing software successfully. A number of idcas have been suggested for improving the

situation. These methods and tools are collectively known as software engincering.

Some of the main idecas arc:

m  preater emphasis on carrying our all stapes of development systemartically.
computer assistance for soliware development — sofiware (00ls,

m  an cmphasis on finding out cxactly what the users of a system really want (requirements
enginccring and validation)

®  demonstrating an early version of a system to its customers (protoryping)

® use of new, innovative programming, languages
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Chapter 1 B Software - problems and prospects

m  grearer emphasis on reying 1o ensure thar software is free of errors (verification).
m incremental development, where a project proceeds in small, manageable steps

We will be looking at alt of these ideas in this book. These solutions are not murually
exclusive; indeed they otten complement each other.

Veritication, protoryping and other such techniques actually address only some of the
problems encountered in software development. A large-scale software project will com-
prise a number of separate related activites, analysis, specification, design, implementation,
and so on. It may be carried out by a large number of people working to strict deadhines,
and the end product usually has to conform to prescribed standards. Clearly, if software
projects are to have any chance of successtully delivering correct software on time within
budget, they must be thoroughly planned in advance and effectively managed as they are
executed. Thus the aim is to replace ad hoc methods with an organized discipline.

One term that is used a lot these days in connection with sottware is the word guai-
szy. One might argue that anv product {from a cream bun to a washing machine) that
tulfilis the purpose tor which it was produced could be considered to be a quality prod-
uct. In the context of sottware, if a package meets, and continues to meet, a customer’s
expectations, then it too can be considered to be a quality product. In this perspective,
quality can be atrained only if etfective standards, techniques and procedures exist to be
applied, and are seen to be properly employed and monitored. Thus, not only do good
methods have to be applied, but they also have to be seen to be applied. Such proce-
dures are cenural to the activity called “quality assurance™.

The problem of producing “correct” software can be addressed by using appropii-
ate specification and verification techniques (formal or informal). However, correctness
s just one aspect of quality; the explicit use of project management discipline is a key
tacror in achieving high-quality software,

We have considered a numbcer of goals and probleny arcas in soliware development,
Gengerally, soliware developers have a bad image, a reputation for producing soli-
warce that is;

late

over budget

unrcliable

inflexible

hard to use.

Because the problems arce so great, there has been widespread talk of a crisis in sofi-
warc production. 'I'he general response to these problems has been the creation of a
number of systematic approaches, novel techniques and notations to address the sofi-
ware devclopment task. "T'he different methods, (ools and languages lit within a plan
of action (called a process model)}. 'This book is about these approaches. Now read on,
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