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INTRODUCTION

Duringthe life cycle of Software Systems, the following phases can be distinguished:

- Software Requirements.
- System Analysis.
- Architectural Design.
- Detailed Design.
- Coding.
- Testing.
- Installation.
- Maintenance.

In order to ensure the integrity of the system throughout its life cycle (LC), various
disciplines are involved:

- Configuration Management.
- Quality Assurance.
- Verification and Validation.
- Auditing.

Software Configuration Management is directed towards identifying system
configuration at specific points of its life cycle, so as to control changes to the
confíguration and to maintain the integrity and traceability of the confíguration
throughout its life.

The functions to be performed for Software Confíguration Management do
not differ greatly from the functions to be executed for Confíguration Mana-
gement of any system, and consist of:

- Identification of all the elements comprising the system.
- Determination of the method for control of changes to be made in the system.
- Control of changes made in the system throughout its lifetime.
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The systems which involve software differ in some important aspects from others
without software, owing to the characteristics of the information handled in their
lifetime. The first difference arises because the information handled is structured
with logic and functional properties. The second difference is caused by the
different media in which the information is supported throughout the life time. The
software appears in more than one form during its evolution (documentation,
operation, etc). The third differentiating characteristic is that the software (at least
in its final phases) is constructed and adapted so that it can be run by a specific
type of machine.

The Software Confíguration comprises all the elements produced during the
software product life time as well as those which have been used in its base or
environment and have a direct influence on the end product. The first set of
elements contains the documents and code (source and operable) elements
generated during the life time, and in the second set are the operating systems,
compilers, linkers and other tools which influence the software and which, if
changed, could affect it.

The final objective of Software Configuration Management consists in having a
representation of the configuration which is visible to all those participating in its
development and maintenance, while ensuring coherence and integrity of all the
elements among themselves and in their external relationships.

BASIC CONSIDERATIONS

Two basic concepts should be borne in mind for Software Configuration
Management:

- Configuration baselines.
- Versions and revisions of the configuration elements.

During its life cycle,, the software undergoes changes in its configuration and it
would be very difficult, especially during its development phases, to maintain a
configuration management governing the system configuration. It is therefore
necessary to establish certain confíguration baselines which will reflect specific
moments of the LC and be used as the main reference to carry out configuration
control.

Since the various configuration elements undergo changes throughout the LC
and need to be consulted by different members of the software development and
maintenance teams, it is necessary to issue revisions and versions of these
elements.
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CONFIGURATION MANAGEMENT TASKS

Software Configuration Management requires the performance of the following
basic tasks:

- Identification of configuration elements.
- Control of changes in the configuration.
- Definition and management of the configuration baselines.
- Control of the software libraries.
- Preparation of configuration status accounts.
- Control of the editing process of the different elements.

Identification of Configuration Elements

The first task to be done for Software Configuration Management is that oi
enumerating and identifying all the elements which willcompnse the Configuration.

The different elements of the software product will appear in the course
of its life. It is necessary to know the implications on management of choosing
very large elements for control or of subdividing them, as in the case of
Architectural Design which may be complete or divided according to the
different subsystems and modules. If the configuration control elements are too
large, several modifications will be produced which will affect them and it will not
be easy to perceive the degree of impact of the new revision or version of this
element on related elements. As a rule, the elements or their subdivisions should
be reflected in the configuration as soon as their development stabilizes.

The elements which have to be considered in the configuration may be divided
into two classes:

- Non-processable elements (documents)
Project plan.
Verification and validation plan.
Configuration management plan.
Audit plan.
System plan.
Architectural design.
Detailed design.
Integration test plan.
User manual.
Installation manual.
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Verification reports.
Integration test reports.
Validation test reports.
Quality Assurance audit reports.
List of resulting source code.

- Processable elements
Source codes.
Object code.
Operable codes.
Support software, operating systems, compilers, etc.
Files with test data.

Identification of the configuration elements should reflect the project structure,
preferably in a hierarchical mode:

- System.
- Subsystems.
- Functions.
- Modules.

It should also reflect the version and revision of the element considered.
Identification of the development support software (tools, compilers, etc) should
include the name given by the manufacturer, the version and revision.

Configuration Change Control

The control of changes made to the Configuration is the fundamental job of
Software Configuration Management.

The main objectives of change control are to evaluate, follow up and imple-
ment software changes so that the current status of the Configuration is known
at all times.

The procedures followed in Configuration change control can vary, depending
on the software LC considered.

In the Development Phase, the specific aim of change control is to ensure
that the persons involved know what changes are proposed and approved, in
case they affect the different tasks undertaken.
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It is advisable that two levels of change control be established in this phase:

a. Internal control (by the development team itself).

b. External control (by the persons responsible for Software Configuration
Management).

Internal control applies to changes that directly or indirectly affect those ele-
ments of the Configuration that have not undergone Verification and Valida-
tion; otherwise, external change control applies.

Internal Change Control

The person proposing the change completes a Software Change request form,
giving the following information:

- Identification of the part to be changed.
- Petitioner's name.
- Date of request.
- Reason for change and description.

The request will subsequently be studied and approved or rejected by persons
of the development team other than the petitioner.

External Change Control

As in the previous case, the change begins with the completion by the petitioner
of the information indicated.

The subsequent study will be more detailed in this case, examining information
concerning:

- Time, cost and estimated impact of the change.
- Recommendation for resolving the request.
- Priority of the change.

The request will then be examined by the Change Control Committee respon-
sible for approving change requests.

Any approved change is recorded in the Change Register. A schedule of acti-
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vities is then prepared for its implementation and followup.

Change control during the Maintenance Phase will be more strict because
they affect the software already employed by the Client/User.

The specific objectives of Configuration Management in this phase are to
ensure the integrity of software in commercial use and to optimize the
maintenance process.

Change control will be exercised similarly to external change control during
the Development Phase, although it will be essential that the Client/User
be on the Change Control Committee during the Maintenance Phase.

Configuration Status Accounting

The objective of Configuration status accounting is to ensure that the persons
involved in software development and maintenance have updated, overall
knowledge of the software Configuration. It is therefore essential that the
information on the configuration and its changes which serves as a basis for the
status accounts be established and continuously updated.

The following information is to be considered:

- Configuration Elements. For each element that forms part of the Configuration
the following data will be borne in mind:

Identification.
Title or description.
Configuration baseline to which it pertains.
Date of entry under Configuration control.
Date of integration into Configuration baseline.

- Configuration Changes. Each configuration change request will contain the
following information:

Change request number.
Description of the change requested.
Configuration elements affected.
Date of change request.
Change status.
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- Release Record. Containing the following information on each of the system
software releases:

Number of the software version and release.
Elements that comprise the release.

Facilities where the software has been implemented, including basic software
and hardware.

Based on this information, the status accounts that have to be periodically
generated and distributed will be defined.

Software Configuration Management Elements

Apart from the primary elements discussed above (the Confíguration elements
and control of the changes that affect them), other elements are involved in
Software Confíguration Control. These are described below.

- Definition of Confíguration Baselines.

Confíguration baselines define the temporary milestones considered during the
Software LC as a reference for Confíguration Management. Since we want to
control the changes in the confíguration elements, we need a stable base with
which we can compare the status of an element at any given moment.

Once a software element has been approved by the development team it
becomes part of the Confíguration and is first subject to internal change control.
However, when the element is subject to Validation and Verification, it becomes
part of the corresponding baseline and is then subject to external change control.

Because a software system can become very complex, it is necessary to define
several baselines throughout the software LC. These Configuration baselines
normally coincide with the software LC phases:

Functional baseline.
Allocated baseline.
Design baseline.
Product baseline.
Operational baseline.
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- Software Libraries.

The software libraries constitue one of the main tools in the control of Confi-
guration elements. Their main objective is to group the different elements and
control access to them. In this way, since they contain information for the
persons involved in software development, they can be subjected to whatever
change control procedures are established.

The software libraries contain two types of elements:

Documentation.
Operable elements.

The way these libraries are put to use depends largely upon the hardware and
software environment in which development takes place. The more sophis-
ticated the environment, the greater the possibility of exercising advanced
Configuration Control.

Three types of libraries are established:

Work Library
It permits free access by members of the development team. It contains the
elements that have not yet become part of the software configuration.

Master Library
Access to the elements contained in this library is controlled. When an
element becomes part of the configuration, it is included in the master library and
any modification to it must be made through the change control process.

Production Library
The installed software is included in this library. Access to it is controlled by the
Client/User under the established change control system.

- Control of Interfaces.

The software interfaces that form part of the configuration is one aspect which
should be taken into account to achieve configuration integrity, but which in many
cases is not considered in sufficient detail.

The first step consists in clearly defining the interfaces. This normally requires
that an agreement be reached among the different organizations involved.
We can consider four types of interfaces:
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Interface between organizations.
Interface between software LC phases.
Interface with support, subcontractor and vendor software.
Interface with hardware.

The characteristics and data associated to each interface and the methods to
control changes thereto are established for each type of interface.

- Software Release.

The ultimate aim of developing a software product is to deliver it to a Client/User
(software release process). Control of this process is essential to achieve the
integrity of the developed product.

As new software versions and releases are produced, they will contain some
elements that will be the same as in the previous release and others that
will have been modified. It is therefore necessary to control the version and
release level of each element individually. The end product of this objective
is the release description document.

This document contains a brief description of the elements comprising the
release, information on the modification with respect to the previous release,
and procedures for its installation.
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Figura 1. Product life cycle and quality


