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1 INTRODUCTION

1.1 Purpose

This document describes the approach to software development to be used by GFG IT staff on all projects where prior client standards do not apply. It also describes the responsibilities of the project manager. 

Its purpose is to provide a general overview of the phased approach to software development and the project manager's role in development.  It is intended to act both as an introduction to the more specific GFG IT standards, and as an introduction to the terminology used within GFG IT when referring to project related activities.

1.2 Scope

The document provides an overall description of the phased approach to software development together with a summary of the aims and objectives of each phase and an overview of the project manager's responsibilities in achieving them.

Not all the phases described in this approach apply directly for maintenance or enhancements of software, or for porting software to new machines.

1.3 Audience

This document is intended for all technical and managerial staff within GFG IT involved in project planning and management.

1.4 Related GFG IT Standards

The reader should be familiar with the following documents that supplement the contents of this Standard.

Project Management:

[1]
GFG IT UK
SO
9
Estimation for Software Development Projects

[2]
GFG IT UK
SO

How to Approach Project Planning

[3]
GFG IT UK
SO

Project Planning for Research and Development 

[4]
GFG IT UK
SO
11
Change Control Procedures 

[5]
GFG IT UK
SO

Technical Reviews

[6]
GFG IT UK
SO

Project Reporting for Research and Development 

[7]
IEEE Std -
730
1984
IEEE Standard for Software Quality Assurance Plans 

Quality Control:

[8]
GFG IT UK
SO

The GFG IT Quality Manual

Specification:

[9]
GFG IT UK
SO
1
Requirements Specification

[10]
IEEE Std -
830
1984
IEEE Guide to Software Requirements Specification

[11]
GFG IT UK
SO
3
Certification Test Specification

[12]
GFG IT UK
SO

Guidelines for Software Design

[13]
GFG IT UK
SO

Architectural Design Specifications

[14]
GFG IT UK
SO
12
Detailed Design Specifications

1.5 Revision History

Version
Date
Author
Description
Sections Affected

0.03
98/01/22
GFG
Second Draft
Completed diagrams

0.02
98/01/13
GFG
First revision


0.01
97/12/15
GFG
First draft
All, diagrams and forms to be added

THE PHASED APPROACH TO SYSTEM DEVELOPMENT

The complexity of many software systems surpasses the comprehension of any one individual.  To control better the development of such systems, seven phases have been identified, through which software projects pass. These phases are collectively referred to as the "software development life cycle" (see Figure l):

i)
Specification and Planning: the users, the customer and GFG IT Development(the producers of the system) agree on what is to be done and how it is to be shown to be done.

ii)
Architectural Design: the producers of the system decide how the overall system is to be constructed.

iii)
Detailed Design: the producers of the system break the system down into more manageable sized sub-components, each of which is then designed in sufficient detail for coding to commence.

iv)
Coding: coding of the software.

v)
Testing: verification and validation (module and integration testing) of the system.

vi)
Acceptance: execution of the certification procedures defined in Phase 1 in order to demonstrate to the customer that the system meets the functional and performance requirements also defined in Phase 1.

vii)
Operation and Maintenance: no computer system is immutable.  Following acceptance of the system, the customer may request changes in the delivered system.  Errors missed in testing will be discovered later.  Different installations may need special modifications for local conditions.  It is clear therefore that the responsibilities of GFG IT Development do not end with acceptance of the system.

Enforcing these phases rather than just paying lipservice to them provides a number of benefits to both the customer and GFG IT Development:

i)
It simplifies the task of the project manager.

ii)
Commitments are made in a graduated manner that allows all interested parties to review the materials produced in one phase before proceeding to the next.

iii)
By reviewing each phase before proceeding with the next one, useful information is made available without which there would be a danger of the client or GFG IT Development prematurely over-committing themselves.

Each of the phases identified above is defined further in the following sections in terms of the prime objectives of the phase and the materials produced (see Figure 2).  An indication of the relative effort required for each of the implementation phases is given in Figure 3; for further details refer to "How to Approach Project Planning" - GFG IT UK-99-SO-??. For information on the quality control aspects of the material produced, reference should be made to "The Quality Manual" - GFG IT UK-99-SO-19.

1.6 Phase 1: Specification

The prime objective of this phase is to define in precise terms what the system is to do and the criteria for acceptance.  The materials produced in this phase include:

i) User Requirements Specification: this specification should contain an exact and complete statement of the end-users requirements and the constraints imposed.  Together with the Functional Specification it specifies what the user wants.  For further information on the contents of this document refer to the standard "Requirements Specification - GFG IT UK-99-SO-8.

ii)
Functional Specification: this specification defines what the system is to do.  However, whereas the User Requirements Specification is addressed to the beneficial users of the system, the Functional Specification is addressed to the (computing) engineers who are acquiring the system, i.e. the client.  In those cases where the client and end-user are one and the same, it may be acceptable to combine the two documents into a single specification.  For further information on the contents of this document refer to the standard "IEEE Guide to Software Requirements Specification IEEE Std 830-1984".

iii)
Certification Test Specification: this specification defines the procedures for certification, what will be tested and what the levels of acceptability will be.  On contracts where there is a responsibility to provide a system to meet specified functional and performance requirements, the Certification Test Specification will also be the acceptance criteria.  For further information on the contents of this document refer to the standard "Certification Test Specification" - GFG IT UK-99-??.

Of these three specifications, the Functional Specification is the most important document produced during the software development life cycle for a number of reasons:

i)
When a question arises as to what the system is going to do, everyone's first inclination is to look for the answer in the Functional Specification.

ii)
When a change is going to be made in the function of the system, the first step in making the change is to modify the Functional Specification.

iii)
Whenever a question of the form, "What did we say was going to happen in this situation?" arises between GFG IT and the user, the natural reaction is to look for the answer in the Functional Specification.

iv)
The Functional specification often forms the agreed contractual basis (between GFG IT and the client) for implementation.

v)
The Functional Specification defines precisely the functions to be performed, and therefore the scope of the solution.



These considerations raise a number of very important issues.

Since the Functional Specification defines the scope of the solution, it is often used as the reference for invitation-to-tender documents concerned with the acquisition of software and/or hardware systems.

In addition, the Functional Specification often forms the agreed contractual basis for implementation so it must be precise, accurate, unambiguous and complete.  Further, no attempt should be made to proceed with Phase 2 of Systems Development until the contents of the Functional Specification, as well as the User Requirements and the Certification Specifications have been reviewed and approved by all interested parties.  The processes of review and approval should be performed in accordance with the quality control procedures laid down in "The Quality Manual" - GFG IT UK-99-SO-??.

Until the Functional Specification has been completed, the scope of the solution is unknown.  The GFG IT project manager should therefore not commit himself to rigid timescales and cost budgets until it has been completed.  For large projects this commitment is usually delayed until completion of Phase 2 - High Level Design.  It follows from this that detailed planning can not commence until the Functional Specification has been completed and approved.

User approval of the Functional Specifications means the specifications are frozen.  This doesn't mean that the specifications can't be changed.  It does mean that the project leader is going to make plans, schedules and cost estimates for the remainder of the system development on the basis of the approved Functional Specification, and if the user changes the specifications, he must have the right to adjust his plans, schedules and estimates appropriately.  Consequently, if changes to the Functional Specification may affect costs and timescales then a change control procedure must be followed.  For further information on change control procedures, reference should be made to the standard "Change Control Procedures" - GFG IT UK-99-SO-11.

In summary, therefore, the goal of the specification stage is to come to an agreement with the customer on what the system is to do, and to maximise the probability that this will occur by:

i) Requiring that at least one upper level operating manager from the user organisation participate full-time in the analysis phase.

ii) Maintaining an education program to teach users:

a) what to expect from data processing

b) what are the user's system development responsibilities

c)
how the user is to carry out his responsibilities

iii)
Establishing a policy that analysis isn't complete (that is, that design can't progress) until the user signs off the system functional specifications.

iv)
Establishing and enforcing a "request for change" procedure as the only avenue through which the user can institute a change in signed-off functional specifications.

A final point about the Functional Specification is that it initiates activities on a wide front: often the User Manual can start to be drafted and test harnesses prepared once the Functional Specification is agreed.

1.7 Phase 2: Architectural Design

This phase commences only when the Functional Specification has been completed and approved.

The separation of highest level design and detailed design is an essential requirement in all but the smallest of projects.  The reason for this is that by separating the two tasks, there is the opportunity to review, at the completion of the high level design, the feasibility of what is being attempted (and the way in which it is being attempted) before investing further time and effort.

The goal of this phase is to produce a good design, and a specification which:

i) Acts as a kind of master plan of the system.  It provides a convenient starting point and reference point when orienting oneself to the system.

ii) Acts as an introduction to the detailed design documents produced in Phase 3.

iii)
Provides a mapping between the various components to be produced and the functions identified in the Functional Specification.

iv)
Identifies all major modules, module interface, hardware and software interfaces, low level libraries, etc.

Objective iii) is of major importance since without this mapping there can be no guarantee of continuity between the requirements and the work that follows.


In providing an introduction to the detailed design, the Architectural Design should cover the first level breakdown of the system into a number of component subsystems.  A subsystem being defined as a portion of the system that can be designed and implemented independently of other parts of the system.  This does not exclude relationships between subsystems.

For further information on the contents of the Architectural Design Specification reference should be made to the standard "Design -Architectural Design Specifications" - GFG IT UK-99-SO-??.

In order to maximise the probability that the goal of the design phase is reached, the project manager will be responsible for:

i)
Establishing and maintaining design standards

iii) Requiring that at least one alternative design be considered

iii)
Establishing a policy that design isn't complete, that is, construction can't progress until a design review committee signs off the design specifications

iv) Quality control in accordance with the procedures laid down in "The Quality Manual" - GFG IT UK-99-SO-??

1.8 Phase 3: Detailed Design

In this phase, the overall design developed in Phase 2 is expanded to sufficient detail such that coding can commence.

Using the breakdown provided by the Architectural Design, each component subsystem can be assigned to an individual or small team who will be responsible for its detailed design down to module or subroutine level.  It is, however, the responsibility of the project manager, with assistance from Q/A, to ensure that each individual or team performs this design process in an acceptable manner and according to any design standards selected for the project (reference "Guidelines for Software Design" - GFG IT UK-99-SO-??).

During this phase a number of design specifications will be produced:


Subsystem Specification


Operational and Organisational Specification


Database Specification


Build-Tests Specification

The contents of these are defined in "Detailed Design Specification" -  GFG IT UK-99-SO-12.

In parallel with the development of these documents it will also be necessary to produce the test specifications required in Phase 5. It is essential that these test specifications be produced before coding commences (reference Section 2.5).

1.9 Phase 4: Coding

This is the easiest phase in the development (or at least it should be if all the previous phases have been performed correctly).  High level languages and structured programming techniques simplify the task and both should be used where possible.

To maximise the possibility of a smooth transition through this phase of development, the project manager should ensure that:

i)
All design specifications have been reviewed and approved according to the quality control procedures.

ii)
All coding is performed in accordance with the coding standards selected as relevant to the project.

iii)
Changes to the code are forbidden except in response to an approved change request and after the necessary amendments have been made to the specification and design documents.

iv)
Coding is actually performed in accordance with the design specifications.

v)
Code that is produced is controlled in that it is available in the correct form, in the proper place and at the right time.

1.10 Phase 5: Testing

The testing phase may require up to one-third of the total effort for implementation of the system.  Inadequately planned testing (always) results in woefully late deliveries.  During testing the system is presented with data representative of that for the finished system, thus test data cannot be chosen at random.  In fact, the planning of the testing phase should be performed as early as possible, specifically during the detailed design phase when the need and specification for a test harness may be derived.

The testing phase includes all aspects of testing (excluding acceptance):

· Module testing: subjecting each module to the supplied test data

· Integration testing: testing the operation of groups of components together, i.e. collections of modules and collections of subsystems

-
System testing: testing of the complete system prior to going forward to the acceptance phase

To maximise the probability of success, the project manager should ensure that:

i)
Test plans are produced before coding commences

ii)
The test plans are in accordance with the relevant standards

iii)
The test data is representative of the data to be processed in the complete system

iv)
The programs are adequately tested, i.e. using the "normally" accepted criteria; every statement is executed at least once, every path through the program has been executed at least once, etc.

v)
Adequate documentation is generated to provide a record of tests carried out and their results.

v) integration instructions are correct and clear.

1.11 Phase 6: Acceptance

The purpose of acceptance testing is to demonstrate to the user that the system as produced is acceptable for the task intended.  To be acceptable, the system must meet the functional requirements laid down in the Functional Specification and the levels of acceptability and performance laid down in the Certification Test Specification.

It is the responsibility of the project manager to ensure that the system does not enter the acceptance phase unless the testing phase has been completed to the point where the passing of the acceptance tests is practically a certainty.

All appropriate levels of documentation must be finalised especially that documentation which will be required for future maintenance and use.

1.12 Phase 7: Operation and Maintenance

Successful test and acceptance phases ensure a minimum level of errors in the accepted system.  However, it can often happen that the client is willing to accept inadequate testing and then invest in an extensive maintenance/commissioning period which is in reality a continuation of the construction phase.

Apart from such corrective activity, the bulk of maintenance is concerned with adaptive and enhancement changes which should be anticipated.  The two important steps in preparing for maintenance of any type are:

i)
Preparation of good documentation

ii)
Development of well organised programs

These steps speed and assist the determination of what should be done, and where and how changes should be implemented.  This statement applies equally for maintainers who are new to the system as for those involved with the earlier development.  Principal aims of any maintenance work are to limit the potential for damage done when changing the existing (working) product and to ensure that the required changes (and no more) are implemented to the letter.

The project manager can assure that the system is maintainable and properly maintained by setting standard which must be met by the developed system before it can be released into maintenance or a new version replaced for use.  This amounts to an additional set of acceptance criteria which probably overlap the user's but are concerned primarily with development rather than use of the system. Such standards of development are explained more fully in "The Quality Manual" -  GFG IT UK-99-SO-19.

Maintenance activities must be performed in a controlled and disciplined manner that is just as good, if not better, than the earlier development.  Therefore, maintenance activities should be subject to a formal system for bug/enhancement reporting, evaluating and implementing system such as described in "Change Control Procedures" - GFG IT UK-99-SO-11.

Comparative Terminology

The terminology used by GFG IT to identify the various phases of the project and the documents produced are in general use throughout the computer industry.  However variations in terminology will be encountered particularly with respect to the specifications:

Requirements Specification: sometimes referred to as External Specification or User Specification or URD (User Requirements Document).

Functional Specification: sometimes referred t o as Internal Specification or Software Requirements or Software Requirements Document.

Acceptance Specification: often  referred to as Certification Specification.
THE ROlE OF THE PROJECT MANAGER

A project is an organised effort to reach a redefines goal.  The essence of project management is that a single individual, the project manager, is given total responsibility for attainment of the project goal on time, within cost and according to specification.  Attainment, of a project goal involves the project manager in a number of different activities:

i)
Project planning

ii)
Monitoring and controlling performance

iii)
Progress reporting

iv)
Change control

In addition to these are the normal roles of any manager, i.e. personnel management and motivation of staff.

The project manager is often, but not always, the Design Authority.    If he isn't, then someone must be allocated to this role.

1.13 Project Planning

Project planning is one of the most essential aspects of project management for many reasons, including:

i) Once there is a plan in existence, schedules can be quoted

ii) From the plan, realistic cost estimates can be deduced

iii) Without a plan, there is no way of telling whether the project is on course

iv)
once it is determined that the project is off course, the plan provides the context in which to decide what is going to be done next.

v)
The plan can be used to direct progress as the project moves through the various development phases in a co-ordinated fashion towards the predetermined goal.

vi)
The project plan identifies inter-dependencies and prerequisites.

The production of plans having these attributes is discussed in greater detail in the standard "Project Planning for Research and Development" - GFG IT UK-99-SO-??, which also includes items dealing with the various aspects of planning, e.g. manpower planning, computer time planning, schedules, resource scheduling, etc.

1.14 Monitoring and Controlling Performance

Having established the specification of the system and the plan for its implementation, the project manager's main responsibility is to then ensure that both of these are adhered to. To achieve this, the project manager must both monitor and control the performance of the project team using a number of established procedures that are summarised below:

-
Standards:
These exist for two reasons.  Firstly to define the characteristics that will or will not make a system acceptable and include such things as “quality”, “maintainability”, “ease-of-use”, etc.  Secondly, they define the procedures that must be followed in order to ensure that the system has these characteristics.  The quality procedures and mechanisms to be used for a specific project are specified in the Quality Assurance Plan.  The standard to be used in preparing this plan is as defined in "IEEE Standard for Software Quality Assurance Plans - IEEE Std 730-1984".

-
Project Meetings: These include meetings internal to the project team and meetings with the client.  They are necessary in order to:

a)
communicate to all interested parties the state of the project

b)
identify potential problem areas

c)
motivate the team members

d)
ensure that the various individual efforts will fit together into a system that operates smoothly


It is important to minute such meetings and to keep these minutes in the project file.  The formality of presentation of these is dependent upon the importance and formality of the meeting.

-
Technical Review: These are needed at all phases of the project development life cycle.  The purpose of a technical review is to:

a)
point out needed improvements in a product, eg. a design specification, a piece of code, etc.

b)
confirm those parts of a product in which improvement is either not desired or not needed

c)
achieve technical work of a more uniform, or at least more predictable, quality than can be achieved without reviews, in order to make technical work more manageable

d)
inform

e)
provide external perspective to a project and to stimulate thought


For general information on technical reviews, the reader is referred to the "EthnoTechnical Review Handbook" and for aspects specific to GFG IT projects to the GFG IT Standard "Technical Reviews" - GFG IT UK-99-SO-??.

1.15 Progress Reporting

A progress report is a written statement on project status that is prepared on a regular periodic basis.  It is written to inform both  GFG IT management and the client on the current position of the project although versions for each may differ to satisfy differing informational needs.  It should be regarded primarily as a recording device and not contain any surprises for any parties - all deviations from intentions or plans must be highlighted as soon as they are recognised and not held over until status reporting time.

A more important function of a progress report is that it forces the project manager to review the progress of the project to date, to assess the progress in terms of the overall goals and plans, and to adjust the plans accordingly in order to maintain the best posture towards the long term goals.

Typically, the progress report will contain status information in the following categories:

i)
accomplishments in the last report period

ii)
overall progress towards long-term goals

iii)
problems

iv)
goals for the next report period which are covered in detail in the standard "Project Reporting for Research and Development" - GFG IT UK-99-SO-??.

Preparation of the report involves the project manager in evaluating the progress made during the last report period against the goals he set for that report period, which in turn gives him a picture of where he now stands.  In making this evaluation one of the most important tasks is the identification of problems (contingencies) of various types:

i)
Problems that have occurred and which have set the project back, but which have subsequently been solved.

ii)
Problems that have occurred and which are setting the project back, but for which there is now a solution, which is presently being applied.

iii)
Problems that have occurred, which are setting the project back, which are within the project manager's control, and for which there is a solution which hasn't yet been implemented.

iv)
Problems that have occurred, which are setting the project back, which are beyond the project manager's control, and for which he can't suggest a solution. (Entries in this category should be rare, but we don't want to completely eliminate the possibility.)

1.16 Change Control

Approval of the Functional Specification implies that any changes to the specifications must follow a request-for-change procedure.  Without a formal change control procedure there will be a tendency for changes to creep into the system during implementation.  Any change, however small, will have some impact on the progress of development; it is therefore essential that the project manager:

i)
Accepts only written change requests

ii)
Spells out the impact of the change on schedules and costs to the client

iii)
Ensures that implementation of the change is not begun until the user has approved the change and its effect on schedules and costs

iv)
All change requests are filed safely for future reference

Further information on change control procedures can be found in the standard "Change Control Procedures" - GFG IT UK-99-SO-11.
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FIGURE 2 - Some of the Project Outputs
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