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Meeting users’ needs 

It 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 requirements 

engineering. It also seems obvious that it should be carried out with some care. 

Feasibility study 
Before anything else is done, a feasibility study establishes whether or not the project is 

to proceed. It may be that the system is unnecessary, too expensive or too risky. One 

approach to a feasibility study is to perform cost-benefit analysis. The cost of the proposed system is 

estimated, which may involve new hardware as well as software, and 

compared with the cost of likely savings. This comparison then determines whether the 

project goes ahead or not. 

Requirements engineering (specification) 
At the start of a project, the developer finds out what the user (client or customer) 

wants the software to do and records the requirements as clearly as possible. The product of this stage 

is a requirements specification. 

User interface design 
Most software has a graphical user interface, which must be carefully designed so that 

it is easy to use. 

Maintenance 
When the software is in use, sooner or later it will almost certainly need fixing or 

enhancing. Making these changes constitutes maintenance. Software maintenance often 

goes on for years after the software is first constructed. The product of this activity is 

the modified software. 

Documentation 
Documentation is required for two types of people – users and the developers. 

Users need information about how to install the software, how to de-install the software and how to use 

it. Even in the computer age, paper manuals are still welcome. For 

general purpose software, such as a word processor, a help system is often provided. 

User documentation concentrates on the “what” (the external view) of the software, 

not the “how” (the internal workings). 

Developers need documentation in order to continue development and to carry out 

maintenance. This typically comprises the specification, the architectural design, the 

The qualities of a specification 

We have seen that, ideally, a specification should confine itself to what is needed. We 

now present a list of desirable qualities for a specification. A good specification should 

exhibit the following characteristics: 

■ implementation free – what is needed, not how this is achieved 

■ complete – there is nothing missing 

■ consistent – no individual requirement contradicts any other 

■ unambiguous – each requirement has a single interpretation 

■ concise – each requirement is stated once only, without duplication 

■ minimal – there are no unnecessary ingredients 

■ understandable – by both the clients and the developers 

■ achievable – the requirement is technically feasible 

■ testable – it can be demonstrated that the requirements have been met. 
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This list of desirable features can be used as a checklist when a specification is 

drawn up. Additionally it can be used as a checklist to examine and improve an existing specification. 

Design principles and guidelines 

Design principles are high-level principles that can guide the design of a user interface. 

Three overall principles are: 

■ learnability – how easily can new users learn to use the system? 

■ flexibility – does the interface support a variety of interaction styles? (We have 

already seen why this is an important consideration.) 

■ robustness – how much feedback does the system give the user to confirm what is 

going on? 

Each of these qualities can be specified in greater detail as follows: 

Learnability involves: 

■ predictability – is the effect of any of the user actions predictable? A user should 

never be surprised by the behavior of a system. 

■ synthesizability – can the user see the effect of their actions? A counter-example of 

this characteristic is some Unix commands, which give the user no information or 

even a confirmation of what they have accomplished. 

■ familiarity – are the facilities familiar to the user from their previous experience? The 

interface should use terms and concepts which are drawn from the anticipated class 

of user. This attribute will clearly be more easily achieved with an direct manipulation interface. 

■ generalizability – can the user safely assume that the same operation in different circumstances gives 

the same outcome? For example, does clicking the mouse button 

on a folder icon have the same effect as clicking on a file icon? 

■ consistency – are comparable operations activated in the same way? For example, in 

a word processor, is the selection of a single character, a word, a line or a paragraph 

achieved in a consistent manner? 

Flexibility involves: 

■ user initiative – can the user initiate any valid task whenever they desire? This is an 

issue of who is in control, the user or the machine. 

■ multi-threading – can several tasks be carried out concurrently? For example, carrying out text editing 

while printing is in progress? 

■ task migratability – can particular tasks be undertaken either by the user or the system, or some 

combination of the two? For example, some e-mail systems provide 

for automatic response to e-mail while the user is on vacation. 

■ substitutivity – can a facility be used in different ways? For example, selecting font 

size either from a menu or by typing font size explicitly. 

■ customizability – can the user change the user interface? For example, hiding an 

unwanted tool bar, adding macros or scripts. 

Robustness involves: 

■ observability – does the system display information that allows the user fully to 

know what is going on? Again, this attribute will clearly be more easily achieved 

with a direct manipulation interface. 

■ recoverability – does the system allow the user to recover from an unintended situation? For example, 

the provision of an undo button can help rectify certain user 

mistakes. 

■ responsiveness – does the system respond in a reasonable time? Response time has 

two characteristics, length and variability. Variability refers to the deviation from 

average response time, and is in some ways more important than length, because 

it can affect the user’s rhythm. So it is sometimes better to have equal length 

response times (even if they are long) in preference to response times that are 

unpredictable. 
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■ task conformance – does the system do everything that the user needs to do? Is 

some facility missing? 

 

Help systems 

The design of useful and clear information for users should be taken seriously and 

should be subject to the same quality process as designs or programs. 

Here are some guidelines for error messages. Error messages should always be polite, 

concise, consistent and constructive. They must not be abusive and should not have 

associated beeps or other noises which might embarrass the user. Error messages should: 

■ describe the problem in jargon the user can understand 

■ provide constructive advice for recovering from the error 

■ spell out any negative consequences of the error 

■ be accompanied by a visual cue 

■ not blame the user. 

Design 

One of the principles used in the design of object-oriented software is to simulate real 

world situations as objects. You build a software model of things in the real world. Here 

are some examples: 

■ if we are developing an office information system, we set out to simulate users, mail, 

shared documents and files 

■ in a factory automation system, we set out to simulate the different machines, 

queues of work, orders, and deliveries. 

Data typing 

A data type is a set of data objects and a set of operations applicable to all objects of 

that type. Almost all languages can be thought of as supporting this concept to some 

extent. Many languages require the programmer to define explicitly the type (e.g. integer or character) 

of all objects to be used in a program, and, to some extent or another, 

depending on the individual language, this information prescribes the operations that 

User testing 

there are three different types of user testing: 

1. Alpha testing, where users of the software work with the development team to 

test the software at the developer’s site. 

2. Beta testing, where a release of the software is made available to users to allow 

them to experiment and to raise problems that they discover with the system 

developers. 

3. Acceptance testing, where customers test a system to decide whether or not it is 

ready to be accepted from the system developers and deployed in the customer 

environment. 
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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: 

■ remedial maintenance, which is the time spent correcting faults in the software (fixing bugs) 

■ adaptive maintenance, which is modifying software either because the users’ 

needs have changed or because, for example, the computer, operating system or 

programming language has changed 

 

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 easy to use: 

■ many people have difficulty programming a video cassette recorder (VCR) 

■ some people find it difficult to divert a telephone call to another user within an 

organization 

 

Detailed design 
The design of each module or component is carried out. The products are detailed 

designs of each module. 

Programming (coding) 
The detailed designs are converted into instructions written in the programming language. There may 

be a choice of programming languages, from which one must be 

selected. The product is the code. 

System integration 
The individual components of the software are combined together, which is sometimes 

called the build. The product is the complete system. 

 

 

Data flow design is a method for carrying out the architectural (large-scale) design of 

software. Data flow design depends on identifying the flows of data through the intended software, 

together with the transformations on the flows of data. The method leads 

from a specification of the software to a large-scale structure for the software expressed 

in terms of: 

■ the constituent components of the software 

■ the interrelationships between the components 
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PROCESS MODELS 

The waterfall model 

In the waterfall model, software development is split up into a number of independent 

steps (Figure 21.1). These steps are carried out in sequence one after the other. Each 

stage produces a product which is the input into the next stage. It is important to realize that each stage 

is pursued until its conclusion before the next stage is begun. Thus, 

for example, all the coding is completed before testing starts. 

Like all process models, the waterfall model says nothing about what methods are 

used at any of its stages, nor does it stipulate what notations are used for the products 

at each stage. (This whole book is about the different methods and notations that are 

available.) It merely provides a framework for a development. 

Different people and authors have slightly different ideas about what exactly the 

steps should be. For example, some people include a feasibility study as the first step. 

However, the essentials of the approach are the same. 
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The principles of the waterfall model are: 

■ it is a series of steps (like a factory production line) 

■ each step is well defined 

■ each step creates a definite product (in some cases a piece of paper) 

■ each product forms the basis for the next step 

■ the correctness of each step can be checked (verification or validation). 

The waterfall model gets its name because each stage produces a product, like a 

stream of water which passes on to the next stage. So the complete development 

process is like a series of small waterfalls – see Figure 21.1. Just as water cannot flow up 

a waterfall, information does not flow backwards in the waterfall model. Once a step is 

complete, there is no going back. 

 

The principal stages of the waterfall model directly reflect the fundamental development activities: 

1. Requirements analysis and definition The system’s services, constraints, and 

goals are established by consultation with system users. They are then defined 

in detail and serve as a system specification. 

2. System and software design The systems design process allocates the requirements to either 

hardware or software systems by establishing an overall system 

architecture. Software design involves identifying and describing the fundamental software system 

abstractions and their relationships. 

3. Implementation and unit testing During this stage, the software design is realized as a set of 

programs or program units. Unit testing involves verifying that 

each unit meets its specification. 

4. Integration and system testing The individual program units or programs 

are integrated and tested as a complete system to ensure that the software 

requirements have been met. After testing, the software system is delivered to 

the customer. 

5. Operation and maintenance Normally (although not necessarily), this is the 

longest life cycle phase. The system is installed and put into practical use. 

Maintenance involves correcting errors which were not discovered in earlier 

stages of the life cycle, improving the implementation of system units and 

enhancing the system’s services as new requirements are discovered. 

In principle, the result of each phase is one or more documents that are approved 

(‘signed off’). The following phase should not start until the previous phase has finished. In practice, 

these stages overlap and feed information to each other. During 

design, problems with requirements are identified. During coding, design problems 

are found and so on. The software process is not a simple linear model but involves 

feedback from one phase to another. Documents produced in each phase may then 

have to be modified to reflect the changes made. 

Because of the costs of producing and approving documents, iterations can be 

costly and involve significant rework. Therefore, after a small number of iterations, 

it is normal to freeze parts of the development, such as the specification, and to continue with the later 

development stages. Problems are left for later resolution, 

ignored, or programmed around. This premature freezing of requirements may mean 

that the system won’t do what the user wants. It may also lead to badly structured 

systems as design problems are circumvented by implementation tricks. 

During the final life cycle phase (operation and maintenance) the software is put 

into use. Errors and omissions in the original software requirements are discovered. 

Program and design errors emerge and the need for new functionality is identified. 

The system must therefore evolve to remain useful. Making these changes (software 

maintenance) may involve repeating previous process stages. 

The waterfall model is consistent with other engineering process models and documentation is 

produced at each phase. This makes the process visible so managers can 
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monitor progress against the development plan. Its major problem is the inflexible partitioning of the 

project into distinct stages. Commitments must be made at an early stage 

in the process, which makes it difficult to respond to changing customer requirements. 

In principle, the waterfall model should only be used when the requirements are 

well understood and unlikely to change radically during system development. 

However, the waterfall model reflects the type of process used in other engineering 

projects. As is easier to use a common management model for the whole project, 

software processes based on the waterfall model are still commonly used. 

An important variant of the waterfall model is formal system development, where 

a mathematical model of a system specification is created. This model is then 

refined, using mathematical transformations that preserve its consistency, into executable code. Based 

on the assumption that your mathematical transformations are 

correct, you can therefore make a strong argument that a program generated in this 

way is consistent with its specification. 

Formal development processes, such as that based on the B method (Schneider, 

2001; Wordsworth, 1996) are particularly suited to the development of systems that 

have stringent safety, reliability, or security requirements. The formal approach simplifies the 

production of a safety or security case. This demonstrates to customers or 

regulators that the system actually meets its safety or security requirements. 

Processes based on formal transformations are generally only used in the development of safety-critical 

or security-critical systems. They require specialized 

expertise. For the majority of systems this process does not offer significant costbenefits over other 

approaches to system development. 
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The spiral model 

The main feature of the spiral model is the recognition that there is often enormous 

uncertainty at many stages during a software development project. It therefore incorporates periodic 

risk assessment. These assessments are followed by identifying alternative actions, selection of the best 

action and re-planning. 

The spiral model 
This model is shown in Figure 22.1. Progress is shown as a line that spirals out from near 

the centre of the diagram. Each cycle of the project passes through four steps, shown as 

the four quarters of the diagram. The project spirals outwards from the center of the diagram to convey 

the increasing expenditure of time, effort – and progress. 

As the diagram shows, each cycle consists of four steps: 

1. analyze risks and plan 

2. analyze requirements 

3. construct 

4. evaluate. 
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The distinctive feature of the spiral model is that it makes explicit the idea of risk. 

We have seen (Chapter 1) that during software development there can be difficult problems to be 

overcome. The spiral model explicitly recognizes that there are uncertainties 

associated with software development and that they should be dealt with as carefully as 

possible. Examples of risks that are commonly experienced are: 

■ the client changes some of the requirements 

■ during a long development, the users’ requirements are neglected 

■ someone leaves the development team 

■ one of the component tasks of the development goes beyond its deadline 

■ the software performs too slowly 

■ the software occupies too much main memory 

■ a new software development tool or technology becomes available 

■ a user requirement was misunderstood 

■ the target hardware configuration changes 

■ an intransigent bug 

■ a competitor launches a rival package onto the market. 

Ideally, any process model should make provision for these and any other pitfalls. 

However, the spiral model makes explicit and repeated provision for dealing with areas of 

uncertainty like these and thereby minimizes the risk to the software project. Thus the 

most important phase of each cycle is the risk analysis stage. Actions can then be taken to 

control the project, rescue the project, or, as happens sometimes, abandon the project. 

Many decisions are taken during software development, and for every decision there 

is a risk that something will go wrong or a mistake will be made. The later a problem 

is detected, the more effort is needed to fix it. The spiral model approach is therefore 

to try to discover errors frequently – at each cycle. This means they are uncovered early. 

Then something can be done about them immediately. 

In detail, the four steps of each cycle are as follows. 
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In categorizing software, we can distinguish two major types: 

■ system software is the software that acts as tools to help construct or support applications software. 

Examples are operating systems, databases, networking software, 

compilers. 

■ applications software is software that helps perform some directly useful or enjoyable 

task. Examples are games, the software for automatic teller machines (ATMs), the 

control software in an airplane, e-mail software, word processors, spreadsheets. 

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

categories of software: 

■ games 

■ information systems – systems that store and access large amounts of data, for example, an airline 

seat reservation system 

real-time systems – in which the computer must respond quickly, for example, the 

control software for a power station 

■ embedded systems – in which the computer plays a smallish role within a larger system, for example, 

the software in a telephone exchange or a mobile phone. 

Embedded systems are usually also real-time systems 

■ office software – word processors, spreadsheets, e-mail 

■ scientific software – carrying out calculations, modeling, prediction, for example, 

weather forecasting. 

Software can either be off-the-shelf (e.g. Microsoft Word) or tailor-made for a particular application 

(e.g. software for the Apollo moon shots). The latter is sometimes called 

bespoke software. 

All these types of software – except perhaps information systems – fall within the 

remit of software engineering. Information systems have a different history and, generally, different 

techniques are used for their development. Often the nature of the data 

(information) is used to dictate the structure of the software, so that analysis of the data 

is a prime step, leading to the design of the database for the application. This approach 

to software development is outside the scope of this book. 

Constructing software is a challenging task, essentially because software is complex. 

The perceived problems in software development and the goals that software development seeks to 

achieve are: 

■ meeting users’ needs 

■ low cost of production 

■ high performance 

■ portability 

■ low cost of maintenance 

■ high reliability 
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■ delivery on time. 

Each goal is also considered to be a problem because software engineering has generally been rather 

unsuccessful at reaching them. We will now look at each 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 see that the development of particular types 

of software requires the use of special techniques, but many development techniques 

have general applicability. 

 

 

 

 

If you have ever written a program, there a number of activities ( or SE steps ) that you know you 

are going to have to carry out, for example, testing. The same is true of larger developments, but for big 

programs and large software systems, there are additional elements. The activities are: 

■ a feasibility study 

■ requirements engineering 

■ user interface design 

■ architectural design 

■ detailed design 

■ programming 

■ system integration 

■ validation 

■ verification (testing) 

■ production 

■ documentation 

■ maintenance 

■ project management. 
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UML 

The Unified Modeling Language (UML) is a graphical notation for describing objectoriented software. 

It is not a method for design, but a notation that can help with 

designing software or help to document software once it is complete. 

This appendix gives a summary of those aspects of UML used in this book. UML is 

a large and potentially complex notation and therefore we have only used a part of the 

notation. Thus the diagrams described and used in this book are: 

■ use case diagrams 

■ class diagrams 

■ package diagrams 

■ activity diagrams. 

Use case diagrams 

These diagrams describe, in outline, the use cases associated with a system. Figure C.1 

shows an example of a use case diagram for users of a bank ATM. In this example there 

is a single type of user, a bank customer. A customer can ask the system to carry out 

either of two functions – withdraw cash and check balance. 
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                                  using UMLAnalysis    

If we suppose we want to analyze a Book Library System, we will go through several steps 

until the final step which is the documentation. According to your general look how will you 

analyze this system by using the UML diagram that you learned and draw the following : 

1. With the help of the use case diagram determine at least 4 main goals, 
and show the main relationships needed in the diagram. Use the 
dependence elements. 

 

2. Determine and draw another diagram to show the interaction between 
the objects in  " Borrow a Book " use case. 

 

----------------------------------------- 

If we suppose we want to analyze a supermarket System, we will go through several steps 

until the final step which is the documentation. According to your general look how will you 

analyze this system by using the UML diagram that you learned and draw the following : 

1. With the help of the use case diagram determine at least 4 main goals, and 
show the main relationships needed in the diagram. Use the dependence 
elements. 

 

2. Determine and draw another diagram to show the interaction between the 
objects in  " Borrow a Book " use case. 

 

---------------------------------------- 

If we suppose we want to analyze a Electronic Registration system (ERS ), we will go through 

several steps until the final step which is the documentation. According to your general look 

how will you analyze this system by using the UML diagram that you learned and draw the 

following : 

1. With the help of the use case diagram determine at least 4 main goals, and 
show the main relationships needed in the diagram. Use the dependence 
elements. 

 

2. Determine and draw another diagram to show the interaction between the 
objects in  " Borrow a Book " use case. 

 

 

Good Luck Guys  I hope you do the best                                             Eng.Kamal A. Almoflehi 

 


