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Systems Analysis and Design
INTRODUCTION TO STRUCTURED INFORMATION SYSTEMS DEVELOPMENT

1  Systems Concepts

What is a System?

It is informative to find out exactly what is meant by a system. A system can be defined as:

· an inter-related set of components that work together within an identifiable boundary to achieve some overall goals.

Put another way, a system is a collection of parts which are related to each other and which may depend on each other and which work together as a coherent whole.  A system has input, process (or transform), output, feedback and control mechanisms. We are primarily concerned with organisational and information systems.

However, it is important to note that the term 'system' does not solely apply to computer systems. It can apply to things as diverse as the legal system, the transport system, the social services system, the solar system and even the digestive system! Any phenomenon which exhibits a relationship among interrelated components can be termed a system.

Key Elements of a System

The Transformation Process

All systems consist of input, process and output.

· Input: Capturing and assembling elements that enter the system to be processed e.g. raw materials, people, skills, money.

· Processing: The transformation processes which convert input into output, e.g. a production process, a mathematical calculation, a meeting of people.

· Output: Transferring elements that have been produced by a transformation process to their ultimate destination in a form which will be meaningful to its recipient, e.g. a product, a piece of information. In the case of information, output in the form of a report, a telephone call etc.
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It is not necessary to consider all the inputs and outputs of a system, but consider only those inputs which are considered to affect the outputs and only those outputs which are relevant to the systems objectives.

Outside and Inside the System

· Environment: All those external elements, whose changes in behaviour, attitude etc., effect the working of the system and all those external elements, which are effected by the system's environment.

· Boundaries: The separation of a system from its environment i.e. the features or constraints which depict the scope of activities for a system and delineate areas of responsibility. The system is inside the boundary, whereas the environment lies outside. Boundaries can be imposed by the nature of the system itself or can be decided upon by management. They may be flexible, changing over time or as the wider organisation changes.

· Interfaces: It is the area of contact between one system boundary and another. Several systems may share the same environment and may be connected to one another by means of a shared boundary, or interface.

· Sub-system: A system representing a component of a larger system. Systems often consist of numerous subsystems. Each subsystem has elements, interactions with other subsystems, and objectives. Subsystems perform specialised tasks for the overall system. In business, functions such as marketing, finance, and manufacturing are subsystems
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System Performance

Two measures of system performance are:

· Effectiveness: The degree to which set goals are achieved. It is therefore concerned with the results or the outputs of a system.

· Efficiency: A measure of the use of inputs (or resources) to achieve results. How much money is used to generate a certain level of sales.

The efficiency and effectiveness of a system can be measured by having the following two elements built into the system:

· Feedback: a flow of information from the output component to the decision-maker concerning the system's output or performance. Indicates if the system performance is meeting standards. Based on this the decision-maker, who acts as a control, may decide to modify the inputs or the processes or both.

· Control: A major system function which monitors and evaluates system feedback, to establish to what degree system goals are being achieved

A key element in the success of a system is its ready adaptation to changes in its environment. This again emphasises the need for monitoring and control of systems based on relevant, timely feedback.

Thus a system is composed of subsystems or components that are inter-related, has boundaries, exists within an environment, has interfaces between subsystems and with the environment, faces constraints (limitations) and receives inputs from and delivers outputs to its environment in order to fulfil its purpose (goal oriented).

Classification of Systems

Open vs. Closed Systems

· Closed Systems: A system that is cut off from its environment and does not interact with it. These systems have no exchange with the environment, i.e. all interaction goes on within the system's own boundaries. This term normally applies to machinery where if inputs are known, then outputs can be accurately predicted. Systems within organisations cannot be described in this way - interaction with other systems is an inherent characteristic of organisational systems.  A closed community would be an example of a (social) closed system.
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· Open Systems: A system that interacts freely with its environment. It receives inputs from its environment, processes or transforms these inputs and passes outputs of various types back into its environment. In this type of system, only some of the relevant inputs can be identified, others may occur unexpectedly, for example, a company's competitor may unexpectedly lower prices etc.
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Adaptive Systems

A system that has the ability to change itself or its environment in order to survive

Deterministic vs. Probabilistic Systems

· Deterministic/Mechanistic Systems: These are predictable systems where if the inputs are known, as well as the present state of the system then the system's outputs can be accurately forecast. Machines and computer programs are examples.

· Probabilistic/Stochastic Systems: The output of these systems can only be predicted as a probability rather than a certainty. This is true of almost all social or organisational systems as it is always impossible to account for all inputs.

Shared and Overlapping Sub-Systems

Systems consist of sub-systems, or in commercial terms, organisations are composed of departments and sections and these sections interact and are therefore inter-dependent. One sub-system can belong to one or more systems, therefore it can be inferred that a change to one sub-system may affect more than one system. The use of overlapping systems is often a sound economical arrangement, for example, a centralised computer facility can be used by a number of departments in an organisation so reducing overall costs. Shared systems do however cause some problems. There is a need for a high level of co-ordination and in the event of change, approval will need to be sought from a number of sources, making shared systems less flexible where rapid change is needed.

The Systems Approach (or Systems Theory)
The Systems Approach or Systems Theory has a set of ideas with which we can view systems.  This set of ideas can be summarised as follows:

· All systems are composed of inter-related parts or sub-systems and the system itself can only be fully explained and understood when viewed as a whole. This is known as holism or synergy. The systems approach takes the view that the whole is greater than the sum of the parts and that by looking at separate parts of a system in isolation, vital inter-relationships will be ignored or misunderstood.

· Systems are hierarchical in structure, i.e. a system is made up of sub-systems and each sub-system is made up of further sub-systems. For example, your course is a sub-system of the degree courses offered by the school which is a subset of the Faculty, subset of the Magee campus, subset of the University of Ulster etc. It is important to decide where to impose a boundary when attempting to analyse a system so that only those sub-systems which relate to your area of interest are considered.

· The components of a system form an indissoluble whole so that when one part is changed, this change will effect other parts of the overall system. When change is effected, it is important to realise what systems it does effect and what needs to be done to ensure that the changes are properly implemented.

· Sub-systems need to work towards the goals of the system to which they belong and not pursue their own goals independently. Where this latter situation does occur, a condition of sub-optimality or sub-optimisation occurs. This is to be avoided if possible, but it must be recognised that in most organisations conflicting objectives across departments is inevitable. In these cases, some form of compromise needs to be reached. For example, one department's goal may be to clear up a backlog of work. To do this they decide to work overtime. This in turn affects the Computer Services department who are quite content with leaving work at 5.00pm. How is this resolved?

Analysing a System

Important questions to be answered when analysing a system are:

· What are its boundaries?

· What are its inputs, processes and outputs?

· What feedback and control mechanisms are in place?

· How can its efficiency and effectiveness be measured?

The systems approach recommends the following steps:

· Decompose a system into smaller, more manageable and understandable subsystems, preferably of uniform size. This facilitates the focusing of attention on one area (subsystem) at a time without interference from other parts.

· Analyse each subsystem separately. This allows attention to concentrate on the part of the system pertinent to a particular audience, without confusing people with details irrelevant to their interest.

· Describe the subsystems/components and their relationships with each other and the external environment.

2  Information Concepts

The terms 'data' and 'information' are used interchangeably in everyday speech as meaning the same thing. However, the terms have distinct meanings.

Data

Raw facts, figures, images or sounds collected from observations or recordings about events, objects or people, which can be stored on a manual or computer-based medium e.g. employee’s name and number, number of hours worked in a week, inventory part numbers, or sales orders. Data has little meaning/value in its own right, it only has meaning when it is processed and put into context as information. For example, if we are told that John scored 85 in a test it does not tell us a lot. Is it 85 marks? If it is 85% it may appear a good result, but how did the other people taking the test do? What is the pass mark in the test? If it is 85 marks, what was the number of marks available? To be of any value it needs to be processed in some way to produce information e.g. collected, sorted, organised, presented in acceptable formats. Data is the input raw materials from which information is produced.

Information

Information is data that have been processed and presented in a useful format that will enable an individual to gain knowledge in order to be able to make a decision. The act of producing data does not itself produce information. Information is data that have been interpreted and understood by the recipient of the message.

Information has meaning within a specific context and is useful for making a decision, solving a problem, performing a task etc. It is important to note that different individuals may need the same data arranged in quite different ways to give them information. The information required varies with the type of decision, problem, or task, the type of person and his/her needs.
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Examples of Data and Information

	
	Payroll System
	Sales Ledger System

	Raw data
	Rates of pay, hours worked, deductions etc.
	Customer sales, customer remittances etc.

	Information
	Payslips, reports for management etc.
	· Balance owing statements, debtors balances etc.


Quality of information

Good information is that which is used and which creates value. Research shows that good information has numerous qualities as follows:

· Relevance/Appropriateness: Information must be relevant to the problem being considered. Too often reports etc. contains irrelevant parts which make understanding more difficult and causes frustration to the user and leads to information overload.

· Accuracy: Information should be sufficiently accurate for the purpose for which it is intended. need for accuracy varies according to information usage e.g. marketing director only interested in sales figures to +/- £100?

· Completeness: The information should be complete in respect of the key elements of the problem.

· Timeliness: Good information is that which is communicated in time to be used.

· Reliable: Users must have confidence in the source of the information for it to be used.

· Communicated to the right person. Information suppliers need to analyse the key decision points in an organisation in order to direct information exactly where it is required.

· That which contains the right level of detail. Information should contain the least amount of detail consistent with effective decision making. The level of detail should vary with the level in the organisation; the higher the level the greater the degree of compression and summarisation.

· Communicated by an appropriate channel of communication. To be useable by the manager, information must be transmitted by means of a communication process. Communication involves the interchange of facts, thoughts, value judgements and opinions and the communication process may take many forms: face-to-face conversations, telephone calls, informal and formal meetings, reports, tabulations, VDU transmissions etc. Whatever the process good communication results where the sender and receiver are in accord over the meaning of a particular message.

· That which is understandable by the user. Understandability is what transforms data into information. If the information is not understood it cannot be used and thus cannot add value.

From above we can see that many, many things need to be right before information can be considered as good. Note particularly how many of the factors relate to social and behavioural characteristics. It is not sufficient merely to consider the technical aspects of data capture and processing; these are only one aspect of information system.

Information is crucial to business operation and survival interacting with environment - customers, suppliers etc. and for interaction/communication within the business.  It is crucial that the business has information systems to manage this information.

Information Levels

Information within an organisation can be analysed into three levels. These levels of information are referred to as:

· Strategic Information: used by senior managers to plan the objectives of their organisation and to assess whether the objectives are being met in practice e.g. population statistics, investment statistics, national resource availabilities. Much of this information must come from environmental sources, although internally generated information will also be used. relates to long-term planning in an organisation, typically 3-5 years

· Tactical Information: used by middle management to ensure that the resources of the business are employed efficiently and effectively to achieve the strategic objectives of the organisation e.g. sales analyses and forecasts, production requirements, annual financial statements, predicted course/student numbers. A large proportion of this information will be generated from within the organisation. Tactical information is usually prepared regularly - perhaps weekly or monthly and is for medium-term planning, typically 6-24 months
· Operational Information: used by frontline managers such as foremen or head clerks to ensure that specific tasks are planned and carried out properly within a factory or office. Operational information is prepared regularly - perhaps weekly or daily and is used for short-term planning, days, weeks, possibly hourly e.g. stock levels, overdue purchase orders, production control, module enrolments

The destination level of information is very important as the information must be material to the user but without going into unnecessary and time consuming detail in order to achieve pointless accuracy. For example: Operational control may need information accurate to the nearest penny. Management control may be satisfied with costs to the nearest hundred or thousand pounds. Greater detail would serve no purpose. Strategic planning may be satisfied with figures to the nearest ten thousand, hundred thousand or even million pounds. In all cases, the information and reports must be relevant to the particular user.
3  Organisation Concepts

A Systems View of an Organisation

At this point then, it is useful to apply system terminology to a typical organisation. An organisation is a formal collection of people and various other resources established to accomplish some set of goals. All organisations receive inputs (resources such as materials, people, money etc.) and produces outputs (goods and/or services) by using a suitable transformation mechanism to achieve some purpose/set of goals within some environment. An organisation is part of many environments - physical (geography and ecological), social, political and technological.  A changing state of the environment drives change in the organisation to maintain consistency with purpose/goals  (i.e. Microsoft and the Internet). An organisation can affect its environment.

Organisations such as businesses and government agencies are good examples of the subsystems of society, which is their environment. Organisations themselves consist of many subsystems, such as departments, divisions, and other work groups. Organisations are examples of open systems, since they interface and interact with other systems in their environment. Organisations are also examples of adaptive systems, since they can modify themselves to meet the demands of a changing environment.

Organisational Purpose

Organisational purpose is the glue that holds the organisation together. An organisation will have several purposes: value to customers, providing excellent working conditions, high returns for shareholders, etc. An organisations managers work to bring the system to a state that is consistent with its purpose/goal.

Organisation Culture

Organisation culture consists of the major understandings and assumptions for a business, corporation, or organisation. It also includes common beliefs, values, and approaches to decision making. Culture can have a significant impact on the development and operation of information systems within the organisation.

Organisation Structure

Organisation structure refers to organisational sub-units and how they are related and tied into the overall organisation. How an organisation is structured influences its information needs. Types of organisation structure:

· Traditional organisation structure: Divided according to function, line position and staff position. It has a hierarchical structure.

· Flat organisation structure: a trend to reduce the number of management levels and span of control. Empowerment giving more power, responsibility, and authority to employees

· Project organisation structure: centred around major products or services. Most project teams are temporary.

· Team organisation structure: centred around work teams or groups

· Multidimensional organisation structure: it may incorporate several structures at the same time. Both traditional functional areas and major project units. Matrix structure

Business Organisations

A business is an organisational system where economic resources (input) are transformed by various organisational processes (processing) into goods and services (output). A business organisation exists to make money, to provide a service and to control people and resources.

Organisations vary in size and in their aims and objectives e.g. business organisations trying to make a profit, charities trying to raise money, service organisations such as the Health Service, special interest groups trying to change public opinion etc.

To achieve its objectives, a business organisation creates business work areas or sub-systems (departments, units, and teams) each of which is designed to pursue its own goals. Combining the work and the goals of these individual departments should result in the achievement of the overall organisational objective.

Many business organisations contain the following departments, which interact in order to achieve organisational goals:

· Sales: Task is to sell the products of the business.

· Production: Concerned with the internal processes of producing the goods and services and also ensuring that in this production process, raw materials and resources are being used in the most efficient manner.

· Marketing: Concerned with the external links to prospective customers and in determining the potential demand for a product through market research and advertising.

· Purchasing: Concerned with buying in the necessary raw materials so that an organisation can produce goods/services to meet the demands of its customers. This will involve forming contracts with suppliers and ensuring that materials are received on time and in the necessary quantities.

· Accounting: Financial accounting looks at what has been done with the money in the past while management accounting is concerned with deciding how capital can be best employed in the future.

· Corporate Management: Task is to co-ordinate all of the organisation's functions. For example, in marketing and production there is frequently a conflict between. Production prefers a uniform output of a limited range of goods throughout the year, marketing on the other hand is likely to encourage a wide product base in the hope of attracting new customers.

· Personnel: Personnel is often responsible for manpower planning, recruitment and selection, education and training, payment, industrial relations etc.

Every area has links with some or all of the others areas. For example, in a manufacturing organisation, stock control receives data, concerning materials, from the purchasing department and passes information, about components required, to production control. It is important that there is close liaison between the sales department and the production department to ensure that the sales team does not take more orders than the production team can produce goods.

Depending on the size of the organisation, each department may be responsible for one particular aspect of the business, or in smaller companies, one person may be responsible for a number of different job functions. For example, in a one-man business, the owner will undertake production, sales, marketing, accounting etc. on his own. In a larger company, each of these functions may require a large number of people. Departments then need to set their own goals and objectives but subject to the organisational goals in order to avoid sub-optimisation.

Management, either at departmental or organisational level needs to receive feedback on the performance of the systems for which they are responsible. This feedback comes in the form of information on which management can act as necessary. All business areas have data and information requirements. The information system is a subsystem within a business. Information systems are a critical part of the profitability and survival of many organisations

Information Needs of Organisations

All organisations must record information about their operations. The quantity and type of information recorded and the methods used to record it depend on the size and nature of the business. Information systems provide the means for ensuring efficient and effective management of information. The sorts of information that organisations need are:

· Recording Transactions: Done for every transaction in the organisation. Transactions are usually standard for each event/customer/etc. Includes very detailed specific information and usually done by relatively unskilled staff. Sales example: need to record details of every sales transaction to keep track of income.

· Managing/Controlling: Based on analysis of aggregate information from many transactions. Uses overall trends or patterns, not detailed specific information for individual transactions. Often involves recognising and responding to unusual or unexpected results i.e. something has gone wrong, so action is needed. Done on a short or medium-term basis - daily/weekly/monthly and usually done by managers or skilled staff. Finance example: monitoring cash flow, ensuring accounts (receivable and payable) are being kept under control.

· Planning: Based on analysis of aggregate information of many types - transaction, business, industry, economy, etc. Needs long-term trends or patterns and requires prediction of future trends, etc. Done on a medium or long-term basis - quarterly/yearly/5 year and done by senior management. Stock control example: determining most suitable stock management policies for optimum stock turnaround/minimum wastage/etc e.g. just-in-time techniques, automatic ordering systems.

Note the number and variety of information needs the business may have.  Each may need a system of its own. Note that although the basic information requirements may be the same, every organisation will have a unique blend of specific needs and ways of meeting them. You can have ‘standard’ systems (packages), but every business will have its own variations. Therefore the system developer must analyse the information needs individually for every system. 


Only when you understand the business and its information flows can you know what data needs to be input, stored, processed and output; what interactions there are between different parts of the system; what interactions the system has with the outside world; etc.

If you don’t know what sorts of information the business needs and how it uses it, how can you know what sort of systems to build to help it! Business people know their business well, but they don’t know about technology. Technologists know technology well, but they don’t know about businesses. Analysts need to be able to fill the gap by knowing about both!
4  Information Systems

What is an Information System?

Information systems are generally used in organisations to help provide for the information needs of the organisation.  An information system can be defined as:

a set of interrelated components, that collects, stores, and processes data from various sources to provide information necessary to support and improve the day-to-day operations in a business.
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Information systems transform data into useful information and include both technology and people. An information system generally incorporates one or more computers and the software to control them. In this case, the information system is said to be a computerised information system.

A computerised information system can be understood as having the following parts:

· Users – the people who add information to the system and request information from the system

· Hardware – not only the computers in the system but also any networks linking the computers, input devices like keyboards and mice, output devices like monitor and printers

· Data – what the system stores and processes

· Software – the electronic coding which controls all aspects of the hardware and the data

· Documents – manuals on how to use the system, sometimes even files of data which should not or could not be stored electronically

Information System (IS) vs. Information Technology (IT)

Information System (IS): The flow of information in an organisation and between organisations encompassing the information the business creates, uses and stores. Concern with efficient use of resources for providing the required level of information support for the management of business operations. Represents the applications perspective.

Information Technology (IT): The enabling mechanism which facilitates the processing and flow of this information. as well as the technologies used in the physical processing to produce a product or provide a service. Includes telecommunications, computers and automation technologies. Represents the technical perspective. Information technology has significantly expanded the power and potential of most information systems. Information technology is a contemporary term that describes the combination of computer technology (hardware and software) with telecommunications technology (data, image, and voice networks). Technology has created a data and information explosion in virtually all businesses. The ability of businesses to harness and mange this data and information has become a critical success factor in most businesses.
Objectives Of Information Systems In An Organisation

Information systems in an organisation is dedicated to improving the performance of knowledge workers in organisations through the application of information technology.

· Improving the performance is the ultimate objective of information systems - not the storage of data, production of reports, or even ‘getting the right information to the right person at the right time.’

· Knowledge workers (managers, professionals, staff analysts and clerical workers) are the clientele.

· Organisations are the context. Focus is on information handling in goal seeking organisations.

· The application of information technology is the challenge and opportunity facing the IS professional.

Major Categories Of Information Systems

It is automated information systems that we are going to study. However, these still cover a huge variety of systems. It is useful to break them down into the following categories:

Classification by functional areas:

· Marketing Information System

· Manufacturing Information System

· Distribution

· Accounting and Finance

· Personnel

· Administration

· .......

Early stages saw ad hoc development with private ownership of data and programs. Current wisdom is to build “integrated systems” with common databases.

Classification by support provided:

· Transaction Processing System (TPS): A system that processes data resulting from business transactions, updates operational databases, and produces business documents.

· Management Information System (MIS): A system or group of systems which collects and presents management information relating to a business in order to facilitate its control. Management Information Systems are those that support all management levels in the conduct of their functions, such as operations, administration, or planning and programming.

· Office Automation System (OAS): A system that automates office procedures and enhance office communications and productivity.

· Decision Support Systems (DSS): A system that provides interactive ad-hoc support for the decision making process of managers.

· Expert System (ES): A knowledge-based system that provides expert advice and acts as expert consultants to users.

· Executive Information Systems (EIS): A system that provides critical information tailored to the information needs of top management.

Relationship Among TPS, MIS, DSS, EIS and ES:

· The technologies can be viewed as being uniques classes of information technology.

· They are interrelated.

· They each support some aspects of managerial decision making.

· The evolution and creation of the newer tools help expand the role of IT for the betterment of management in organisations.

· The interrelationship and co-ordination between these tools is still evolving.

The Complexity of Information Systems

Information systems can be very complex even in a small organisation:

· Many components (lots of information).

· Much interaction between components.

· Systems within systems.

· The intangibility of information (it is hard to define).

· The subjective nature of information.

The Benefits of Information Systems

A good information systems ensures that:

· The right information is provided.

· to the right degree of accuracy

· when it is required

· in the right format/layout

· to the right people

· in the most efficient way possible.

5  Structured Information Systems Development

So far, we have talked about systems, information systems, and organisations (viewed as systems).  This module largely concerns how we go about creating (or developing) information systems, in particular large and complex information systems.  One approach to developing information systems is the Structured Systems Development approach.  There are many other approaches, but the structured approach is very common, and although not ideal, many of the others are variations of it.

The Software Crisis

Early computer systems' development was fraught with problems. The term 'software crisis' was coined as far back as the 1960s to describe the state that the software industry found itself in.

It was characterised by systems which:
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were delivered much later than scheduled.

SYMBOL 183 \f "Symbol" \s 10 \h
cost more than the budget allowed.

More seriously however, was that the delivered systems:
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rarely met user requirements.
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remained unused.
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were discarded at considerable cost to the organisation.

Many of the problems came as a result of the decrease in hardware costs which has occurred over the years. With hardware, which had previously been the more expensive component of an information system, now at such a low cost, information systems which before had been too expensive to implement, became feasible. This also meant that it was feasible to introduce computers to all areas of an organisation.  The result of these changes led to major software problems.  Because the hardware in use was more powerful and more complex than before, bigger and more complicated software systems were needed to drive it.  And, because hardware was less expensive, it became economically possible to apply software solutions to more and more widespread problems.  Computerised IS began to be applied to new areas for many different kinds of reasons, for example:

· The current system might be unable to cope.

· They could help save money.

· They could provide better information for decision-making.

· They could provide better customer service.

· New technology could provide greater opportunities for organisations.

At that stage, the process for developing IS was, in effect, simply programming and most development work was done by programmers who, although skilled in technical matters, were far from successful in social and communication skills, skills which are essential in finding out what the potential user wants from the new system.  New systems were being developed in an ad hoc manner, whenever an organisation saw the need for one.  The programmer came up with a solution him/herself and stared programming the new system.  The user was generally not involved, which meant that systems were often inadequate or inappropriate for the users’ needs.

At that stage also, there were no recognised, formalised methods by which systems could and should be developed. Each programmer had his own informal, unique and rarely documented methods by which his software was developed. This diversity of methods made maintenance difficult, if not impossible, especially in those instances where the original programmer had left the organisation.

As time went on, systems grew in size and complexity, making them more difficult to be developed by a single individual programmer.  In addition, ad hoc, one-off solutions to problems were becoming less attractive and managers wanted more integrated systems.  As this situation got steadily worse, with programmers overworked and spending much of their time on maintenance and enhancements, instead of on the more profitable development, the realisation dawned that things would have to change. It was recognised that errors discovered early in the development life cycle were much less expensive to fix than those which came to light in testing or implementation.  It was becoming apparent that there was more to development than just programming.  Development had to concern some analysis of the problem and design.  More importance, therefore, was attached to the analysis and design stages of the development process and the idea of approaching development using some structured, formal technique was established.

Why Use Structured Techniques?

Structured techniques were introduced in an effort to overcome, minimise or avoid the types of problem mentioned previously. The need for better techniques is illustrated in these quotes:

We build systems like the Wright brothers built aeroplanes - build the whole thing, push it off a cliff, let it crash, and start over again.

Prof. R. M. Graham

If builders built buildings the same way that programmers wrote programs, the first woodpecker would destroy civilisation.

Dr Gerald Weinberg

The primary objectives (there are others) of structured techniques are:
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achieve high-quality programs of predictable behaviour.
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build easily maintainable programs.
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speed up system development.
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lower the cost of system development.

How do we achieve these Objectives?

To combat the problems inherent in the software crisis, a structured approach to development was felt to be the solution. Most large computer-based information systems are now developed in a sequence of steps called the Systems Development Life Cycle (or simply the systems life cycle). The key point is that it provides system builders with a structured approach to follow. It is used to:
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organise the large number of activities which are necessary in building a system.
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specify an orderly way to proceed through these activities.
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make it easier to solve problems as they occur in the development process.

SYMBOL 183 \f "Symbol" \s 10 \h
produce reports on project status, resource usage etc. as development progresses.

A number of different  kinds of life cycle are used in practice, the most common systems development process takes an essentially linear approach dividing the necessary tasks into a number of stages. No stage in the sequence can commence before the previous stage has been completed.

There is little consensus on the terminology, the subdivision or the exact content of each stage of the life cycle, but the most common approach is outlined below:
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Problem Definition
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Feasibility Study
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Systems (and Requirements) Analysis
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Systems Design
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Implementation
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Maintenance

1.
Problem Definition

This stage establishes the nature of the problem to be solved, and estimates the scope of the problem.  The problem definition basically states the reason/idea for the new system, at a high level.  The new system might be needed to:
· Solve a problem (e.g. replace a manual system with a computer system in order to increase processing speed, provide better communication, reduce costs, or enhance competitive advantage).

· Take advantage of an opportunity (e.g. to expand or improve organisational performance, improve customer service).

· Respond to a directive (e.g. new legislation).

This is often considered to be the most important stage in development because it sets the direction of the rest of the project. The project limits are set in terms of what parts of the system can be changed by the project and what parts are outside its control. The resources to be made available to the project are also specified at this stage. These three important factors - goal, bounds, and resource guidelines are referred to as terms of reference and they form the main deliverable of this stage.

At this stage too, a project committee may be established, which is made up of the following people:
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The role of the systems analyst is to bridge the communications gap between users and programmers (who will later write the programs for the new system).

User { Systems Analyst } Programmer

The systems analyst translates user needs into the technical specifications needed by the programmer. The role of management is to control the systems development process.
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2.
Feasibility Study

Starting with the problem defined in the previous stage, an investigation known as the Feasibility Study is carried out to determine quickly and with little expense:
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If there is a feasible solution (i.e. can the problem be solved?).

SYMBOL 183 \f "Symbol" \s 10 \h
If the problem is worth solving.

If not, then time, effort, and money have not been wasted on a full project.  The task of the Feasibility Study is NOT to solve the problem, but to gain a sense of its scope and determine if a problem is worth solving.  The Study is important because it ensures that the right system is to be developed.  The rest of the development effort concentrates on making the system work right.  So, if the wrong system is defined here, all further work is pointless.

In the Feasibility Study, three aspects of feasibility need to be considered:

(i)
Technical Feasibility
It must be established whether or not the organisation has the technology and skills needed to carry out the project? If it does not, can these skills be bought, through hiring extra staff or through employing an outside consultancy firm?

(ii)  Operational Feasibility

The system users are shown the proposed solution and asked if it seems to satisfy their requirements.

(iii) Economic Feasibility

Management need to determine if the project can be carried out within the resource limits allocated to it. They must also decide if the benefits of the new system will outweigh the costs it will inevitably incur.

A Feasibility Study should cover the following:

· Nature of the existing system.

· Shortcomings and problem areas (bottlenecks etc.).

· Scope for improvements.

· Alternatives available.  Once the problem is understood, alternative solutions are developed.

· The preferred solution.

· Preliminary estimates of cost and benefits of the preferred solution.  The Feasibility Study must show that the solution will help the organisation attain its objectives, that it conforms to the organisation’s strategic plan, and that it is technically, economically, and operationally feasible.

· The recommended approach i.e. a plan plus a rough time scale.

These issues can be resolved using methods such as Fact-Finding techniques and Cost-Benefit Analysis.  Through fact-finding techniques (e.g. interviews with users and managers), the analyst can find out what the existing system is like, what the problems are, and what is needed by the new system (i.e. high-level functional requirements – what the system will do; high-level non-functional requirements – resource restrictions, security isuses, number of users, equipment needed/available, retraining of employees, availability of people to develop system, etc.).

Using Cost-Benefit Analysis, the Feasibility Study can show how the preferred solution will help the organisation attain its objectives, how it conforms to the organisation’s strategic plan, and how it is technically, economically, and operationally feasible.  When preparing the Cost-Benefit Analysis, the analyst will ask questions such as:

· What will be the difference in cost and profit between the old and the new system?  Is a new system justified on the basis of cost alone?

· Will the cost of maintenance of the new system be greater than the old one?  What are the true savings in maintenance costs in the short and long term?

· What indirect benefits will resuts from the new system?  Will changing the design of one system improve the operation of another?

· Will the new system be more reliable and dependable?  Can we expect less down-time from equipment breakdowns?  How can we put a value on these changes?

· What improvements in personnel attributes will result?  Will the new system lead to greater motivation, less absenteeism, and greater productivity?

The Feasibility Study ends with a formal presentation to users and management:  a GO / NO GO decision must be made.

3.
Systems (and Requirements) Analysis

The aim of analysis is to develop a model of the way the current system works, on the assumption that the existing system provides a good guide as to what is required of a new system (as opposed to how the new system will achieve the requirements).  Analysis summarises and models key elements in the system to faciliate understanding of the system and to help with the System Design stage.

Analysis therefore, is about what is to be done in order to satisfy the requirements of a new system.  The how comes later (in the Systems Design stage).  During the analysis stage, the analyst uses the facts gathered during the Feasibility Study about the existing system and about the requirements for the new system, to model the system.  Generally, the analyst will need to gather more detailed facts about the existing system and about the requirements for the new system than is available from the Feasibility Study.  To do this, s/he can use the same fact-finding techniques as used Feasibility Study.

This stage consists of a detailed investigation (using the usual fact-finding techniques) of the workings of the system currently in use, whether manual or computerised. The analyst must become familiar with:
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what the system is supposed to do.
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whether or not, under current conditions, it actually does it.
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what constraints the system operates under.
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what controls are imposed on it.
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what type of data is processed.
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exception circumstances.

SYMBOL 183 \f "Symbol" \s 10 \h
problems with present working conditions.

This stage should result in detailed models of what the existing system does (if there is one) and models of what the new system will do.  This stage should also produce a list of requirements for the new system (i.e. a requirements specification).

To develop the models of the system, this stage uses techniques and aids such as Data Flow Diagrams, Entity Relationship Models, Entity Life Histories, Data Dictionaries, Structured English, Decision Tables, and Decision Tress.

4.
Systems Design

Using the facts and models from the Feasibility Study and Analysis stages, a design for the new system is developed.  At this stage, the models from analysis are amended to incorporate any new requirements (for the new system) and any inefficiencies or mention of physical aspects are removed.  Both of these are legacies of having used an existing physical system as the basis for analysis.  The result is that the design for the new system should eliminate the problems of the old system.  Systems Design shows how the new system will be implemented (i.e. a design for the new system is produced).

In their design of the new system, analysts have to:

· Select the hardware will be needed to implement the new system.

· Write specifications of new programs or amendments to existing ones in terms of what they must do and what languages they should be written in.  Programs can be specified using Structure Charts.

· Specify a database structure, what data should it contain, and what queries will be made of it.

· Provide details of input data, outputs, processes, security and backup provisions, implementation and testing plans, file structures, etc.

· Design user interfaces.

· Develop user procedures which will instruct the users how to make the most of their new system.

· Develop cost estimates and an implementation schedule.

5.
Implementation

In this stage, individual system components are built, i.e. programs are written, the database is created etc. System components are tested individually and then linked and tested again to ensure that they hang together properly without causing the system to crash. The user interface, i.e. the screens which link the user with the system are developed. Users are introduced to the system and encouraged to voice their opinions on it.  The hardware specified in Systems Design is acquired and installed.  Targeted training and education are provided for staff.  Historical data is loaded into the system.

6.
Maintenance (and Review)

This stage is ongoing throughout the useful life of the system and involves correcting faults which are not detected during testing and making enhancements to the system in order to satisfy new requirements. This is the most expensive part of  the life cycle and, in order to minimise costs, every effort should be made during earlier stages to get the requirements right first time and to trap as many errors during testing as is possible.

6  Systems Development Methodologies

The systems development life-cycle that is described in the previous section, is a model of the systems development process.  To perform, manage, and control this process, a methodology is normally used.  A systems development methodology may be defined as:

· A methodology is based on some philosophical view, and is made up of a collection of phases, procedures, rules, techniques, tools, documentation and management aids.  These aids help systems developers choose the appropriate techniques for each phase of a project and also help them plan, manage, and control information systems projects.

There are hundreds of methodologies available, many of which are very similar to each other.  All are based on some philosophical view (e.g. scientific – structured, functional; humanistic – participation, prototyping; object-oriented).

The systems development life-cycle is similar to a methodology, according to the above definitions:

· It is split into discrete phases.

· It makes extensive use of documentation.

· It is standardised and can be applied in many circumstances.

· It uses techniques and tools.

· There is an implied philosophy (i.e. that computerisation is a good way of 
dealing with, for example,  clerical problems).

Types of Methodology

There are a variety of methodologies available and some examples along with their main phases are listed below.

1.
Business Systems Planning
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requirements are identified
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requirements are defined
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general system design
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detailed system design
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system development and testing
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installation
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operation

2.
STRADIS (Structured Analysis and Design of Information Systems)
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initial study
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detailed study

SYMBOL 183 \f "Symbol" \s 12 \h
defining and designing alternative solutions
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physical design (of chosen alternative)

3.
Information Engineering (IE)
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business planning
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information strategy planning, as part of overall corporate objectives
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a business area analysis of each business area identified in the information strategy plan is carried out
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business systems design is performed for the entire business, up to the point at which implementation issues emerge
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technical design
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construction
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transition (changeover)

4.
SSADM (Structured Systems Analysis and Design Methodology)

SSADM  is the Civil Service standard and is primarily aimed at/used for large-scale projects. SSADM is discussed in more detail below.

4.1   SSADM

SSADM has become, since its launch in 1981, the most widely used method for analysis and design in the UK. SSADM was developed by Learmonth and Burchett Management Systems in conjunction with the UK government's Central Computer and Telecommunications Agency. Originally used on projects within the UK government sector, it is now also gaining popularity within UK private industry. The following section discusses SSADM within the context of the summary definition given at the start, that is:

A methodology is a collection of philosophies, phases, procedures, rules, techniques, tools, documentation and management aids.
The basic objectives of SSADM (or underlying philosophy) were that it should satisfy the following:

1.
Improve project planning and control.

2.
Aid more effective use of experienced and inexperienced staff.

3.
Lead to better-quality systems.

4.
Resilience to loss of key staff.

5.
Supportable by computer-based tools.

6.
Support good communication between developers and end-users.

1.
Improved Project Planning and Control

Splitting a project into modules, stages, steps, and tasks gives project managers a clear picture of how an SSADM project should proceed and what should be done in order to achieve milestones in a project. Each module of SSADM has a stated objective and a clearly defined set of products.

2.
Effective Use of Experienced and Inexperienced Staff

SSADM incorporates a number of techniques into a clearly defined framework. This means that what needs to be done is very clearly defined. Although the successful implementation of SSADM still requires skilled analysts and designers, there will always be tasks that can be delegated to more inexperienced staff as the results of their work will be visible and checkable against other work done.

3.
Better-quality Systems

'Quality' of a system can be defined as 'fitness for purpose' in that it:
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satisfies the user's requirements
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is delivered on time
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is developed within budget

The use of SSADM can contribute to the quality of a system by producing documentation at all stages of development that can be checked by the users to ensure that their requirements are being understood, interpreted and implemented in the correct way.

4.
Resilience to Loss of  Key Staff

The use of SSADM ensures that a large proportion of the information collected and modelled during the project is documented in a way that can be understood by staff subsequently assigned to the project.

5.
Supportable by Computer-based Tools

SSADM is well defined in terms of the techniques employed and the products developed. The techniques and procedures (e.g. DFDs, ER-D, ELHs, Relational Data Analysis etc.) are defined in terms of notation standards and syntax rules and can be readily supported by computer-based tools (e.g. Excelerator). Many of the techniques produce graphical representations of the information that are especially well suited to computer-based support. SSADM products are defined in terms of their information content and cross-references to other products and these aspects can be built into a computer-based tool.

6.
Good Communication between Developers and Users

There is often a great difference in the way users and developers view a computer system. Both groups use jargon the other finds unfamiliar and communication can often prove difficult. It is very important, therefore, that each group is able to check their understanding of what the other has said so that they are not misinterpreted. The SSADM techniques and procedures help communication in two ways:

(i)
They prompt developers to ask the right questions and to make sure they have a comprehensive understanding of what is required.

(ii)
They provide the user with a means of checking the interpretation of what they have stated as their requirements.

In summary SSADM:
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Describes how a system is to be developed.
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Reduces development into phases: each phase is reduced into stages, and each stage contains a number of steps which contain tasks, inputs and outputs.

SYMBOL 183 \f "Symbol" \s 12 \h
Is self-checking, and it can be tailored to a number of applications.

The structure of a systems development project using SSADM is outlined in figure one.
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Figure one SSADM (with feasibility study)

Phase 1: Feasibility Study

This phase, although not mandatory in many SSADM projects examines the 'case' for undertaking a particular project in terms of its technical feasibility and cost/benefit. In short this phase involves a limited investigation and analysis of the problem, the current system and alternatives, so that management can make a decision whether or not to commit resources of time, money, hardware and expertise to the later stages of the project (i.e. analysis and design).

This phase is divided into two stages. The results of which are formalised into a feasibility study report, which should also contain costings for the next phase.

(i)
Problem Definition

A problem i.e. some deficiency in the system as it is now running, or an anticipated future deficiency is identified, it is then analysed in more detail.

(ii)
Project Identification

At this stage a series of options are identified for solving, or at least coping with the problems defined. Each potential project identified will have an outline specification and will be costed.

Phase 2: Systems Analysis

This contains the following stages:

(i)
Analysis of systems operations and current problems.

This is to ensure that the current system is properly documented, for both its physical processes, and its data flows. A list of 'current problems' is made. Some or all of these tasks may have been carried out as part of a feasibility study.

(ii)
Specification of requirements

Here, what users actual require is laid down in detail. In informal systems development, users may not be sure of what they need exactly, or the instructions may be unclear.

(iii)
Selection of technical options
At this stage users, having defined their requirements choose the means by which they would like the system to be implemented. Some of these 'technical' options (e.g. type of computer) may have been outlined in brief in the feasibility study phase.

Phase 3: System Design

From the requirements laid down earlier the system is designed, both logically and physically.

(i)

Data design - this might involve 'entity' analysis.

(ii)
 
Process design - involves stating exactly which processes are to produce which

outputs.

(iii)
 Physical design - where program specifications are made for all transactions, 
testing and implementation are planned and operating instructions are designed.

7  Additional Notes

7.1  Overview of the Structured Software Development Life Cycle


Problem Definition

Establishes the nature of the problem and estimates the scope.



Feasibility Study

Investigates if there is a feasible solution to the problem and if it is worth solving.

Three aspects of feasibility are considered:  technical, operational, economic.

Fact-finding techniques and Cost-Benefit Analysis are used to conduct the Study.

Alternative solutions proposed; one is selected.  A GO/NO GO decision is made.


Systems (and Requirements) Analysis

The analyst models what the existing system does (if there is one), independent of how it works.  The analyst models what the new system will do, independent of how it will do it.  The analyst identifies and specifies the requirements for the new system.  Modelling techniques and aids used during analysis include Data Flow Diagrams, Entity Relationship Diagrams, Entity Life Histories, Data Dictionaries, Process Specificaton (i.e. decision tables, decision trees, structured English).  These models present graphical representations of the existing/new system, and are tools for communication and understanding of the system.  At the end of analysis, the analyst has models of the existing and new system, and has a requirements specification for the new system (i.e. a list of user requirements).


Systems Design

Describes how the new system will work and how it will be

implemented.  The models and requirements output from analysis

are used to create the design for the new system.  Design gives details

of program specifications, required hardware, file and database

structures, implementation and testing plans, etc.



Implementation

The new system, designed during systems design, is implemented.  Code is writtten and tested, required hardware is acquired and installed, user interfaces are written, etc.



Maintenance

Ongoing stage, which continues throughout the useful

life of the new system.  Faults in the new system are

corrected.  Enhancements to the system are made when

new requirements occur.
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