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Abstract: When you build software the changes happens. Because it happens you need to manage it effectively; this is a set of activities 

designed to manage shanges by identifying the work prodicts that are lakely to change, establishing relationships among them, defining the 

mechanism for managing work products, controling the changes imposed ang repochanges made. In the report is made the distinction 

between software support and software configuration managemet ang give the examples of using. 

Keywords: Software engineering, Software Configuration Management (SCM), Elements of SCM System, SCElements,SCM 

Layers SCM features  

 

Introduction 

Software configuration management (SCM), also called chan-

ge management, is a set of activities designed to manage cha-

nge by identifying the work products that are likely to change, 

establishing relationships among them, defining mechanisms 

for managing different versions of these work products, cont-

rolling the changes imposed, and auditing and reporting on 

the changes made. 

SCM activities are developed to: identify change, control 

change, ensure that change is being properly implemented, 

and report changes to others who may have an interest. 

Software configuration management is a set of tracking and 

control activities that are initiated when a software engine-

ering project begins and terminates only when he software is 

taken out of operation (in opposite to Support that is a set of 

software engineering activities that occur after software has 

been delivered to the customer and put into operation). 

Software Configuration Management 

A primary goal of software engineering is to improve the 

ease with which changes can be accommodated and reduce 

the amount of effort expended when changes must be made. 

The output of the software process is information that may 

be divided into three broad categories: computer programs 

(both source level and executable forms), work products that 

describe the computer programs (targeted at various stake-

holders), and data or content (contained within the program 

or external to it). The items that comprise all information 

produced as part of the software process are collectively 

called a software configuration. 

As software engineering work progresses, a hierarchy of soft-

ware configuration items (SCIs) - a named element of infor-

mation that can be as small as a single UML diagram or as 

large as the complete design document - is created. If each 

SCI simply led to other SCIs, little confusion would result. 

Unfortunately, another variable enters the process - change. 

Change may occur at any time, for any reason. In fact [1,2] 

states: ―No matter where you are in the system life cycle, the 

system will change, and the desire to change it will persist 

throughout the full life cycle."  

There are 4 sources of changes: 

 New business or market conditions dictate changes in 

product requirements or business rules. 

 New stakeholder needs demand modification of data 

produced by information systems, functionality delivered by 

products, or services delivered by a computer-based system. 

 Reorganization or business growth/downsizing causes 

changes in project priorities or software engineering team 

structure. 

 Budgetary or scheduling constraints cause a redefinition 

of the system or product. 

Elements of Software Configuration Management System 

Software configuration management is a set of activities that 

have been developed to manage change throughout the life 

cycle of computer software. SCM can be viewed as a 

software quality assurance activity that is applied throughout 

the software process. In the sections that follow. 

A typical CM operational scenario involves a project mana-

ger who is in charge of a software group, a configuration 

manager who is in charge of the CM procedures and policies, 

the software engineers who are responsible for developing 

and maintaining the software product, and the customer who 

uses the product.  

The goals of the configuration manager are to ensure that 

procedures and policies for creating, changing, and testing of 

code are followed, as well as to make information about the 

project accessible. To implement techniques for maintaining 

control over code changes, this manager introduces mecha-

nisms for making official requests for changes, for evaluating 

them and for authorizing changes. The manager creates and 

disseminates task lists for the engineers and basically creates 

the project context. Also, the manager collects statistics 

about components in the software system, such as informa-

tion determining which components in the system are 

problematic. 

The White paper on software configuration management [3] 

identifies four important elements that should exist when a 

configuration management system is developed: 

 Component elements - a set of tools coupled within a file 

management system (e.g., a database) that enables access to 

and management of each software configuration item. 

 Process elements - a collection of actions and tasks that 

define an effective approach to change management (and 

related activities) for all constituencies involved in the 

management, engineering, and use of computer software. 

 Construction elements - a set of tools that automate the 

construction of software by ensuring that the proper set of 

validated components (i.e. the correct version) have been 

assembled. 

 Human elements - a set of tools and process features 

(encompassing other CM elements) used by the software 

team to implement effective SCM. 

In the context of software engineering, a baseline is a 

milestone in the development of software. A baseline is mar-

ked by the delivery of one or more software configuration 

items that have been approved as a consequence of a 

technical review. For example, the elements of a design 

model have been documented and reviewed. Errors are found 
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and corrected. Once all parts of the model have been revie-

wed, corrected, and then approved, the design model beco-

mes a baseline. Further changes to the program architecture 

(documented in the design model) can be made only after 

each has been evaluated and approved. Although baselines 

can be defined at any level of detail, the most common 

software baselines 

The software configuration item are defined as information 

that is created as part of the software engineering process. In 

the extreme, a SCI could be considered to be a single section 

of a large specification or one test case in a large suite of 

tests. More realistically, an SCI is all or part of a work 

product (e.g., a document, an entire suite of test cases, or a 

named program component). 

In addition to the SCIs that are derived from software work 

products, many software engineering organizations also 

place software tools under configuration control. That is, 

specific versions of editors, compilers, browsers, and other 

automated tools are ―frozen" as part of the software configu-

ration. Because these tools were used to produce document-

tation, source code, and data, they must be available when 

changes to the software configuration are to be made. 

Although problems are rare, it is possible that a new version 

of a tool (e.g. a compiler) might produce different results 

than the original version. For this reason, tools, like the 

software that they help to produce, can be baselined as part 

of a comprehensive configuration management process. 

In reality, SCIs are organized to form configuration objects 

that may be cataloged in the project database with a single 

name. A configuration object has a name, attributes, and is 

―connected" to other objects by relationships. Referring to 

Figure 1, the configuration objects, DesignSpecification, 

DataModel, ComponentN, SourceCode, and 

TestSpecification are each defined separately. However, 

each of the objects is related to the others as shown by the 

arrows. A curved arrow indicates a compositional relation. 

That is, DataModel and ComponentN are part of the object 

DesignSpecification. A double-headed straight arrow 

indicates an interrelationship. If a change were made to the 

SourceCode object, the interrelationships enable you to 

determine what other objects (and SCIs) might be affected 

 
Fig. 1 

Today, SCIs are maintained in a project database or reposi-

tory. Webster's Dictionary defines the word repository as ―any 

thing or person thought of as a center of accumulation or sto-

rage." During the early history of software engineering, the 

repository was indeed a person - the programmer who had to 

remember the location of all information relevant to a soft-

ware project, who had to recall information that was never 

written down and reconstruct information that had been lost. 

Sadly, using a person as ―the center for accumulation and 

storage" (although it conforms to Webster's definetion) does 

not work very well. Today, the repository is a ―thing" - a 

database that acts as the center for both accumulation and 

storage of software engineering information. The role of the 

person (the software engineer) is to interact with the reposi-

tory using tools that are integrated with it. 

Software Configuration Management Features 

To support SCM, the repository must have a tool set that 

provides support for the following features: 

Versioning As a project progresses, many versions of indivi-

dual work products will be created. The repository must be 

able to save all of these versions to enable effective manage-

ment of product releases and to permit developers to go back 

to previous versions during testing and debugging. 

The repository must be able to control a wide variety of 

object types, including text, graphics, bit maps, complex 

documents, and unique objects like screen and report define-

tions, object files, test data, and results. A mature repository 

tracks versions of objects with arbitrary levels of granularity; 

for example, a single data definition or a cluster of modules 

can be tracked. 

Dependency tracking and change management The 

repository manages a wide variety of relationships among the 

data elements stored in it. These include relationships betwe-

en enterprise entities and processes, among the parts of an 

application design, between design components and the 

enterprise information architecture, between design elements 

and deliverables, and so on. Some of these relationships are 

merely associations, and some are dependencies or manda-

tory relationships. 

The ability to keep track of all of these relationships is 

crucial to the integrity of the information stored in the 

repository and to the generation of deliverables based on it, 

and it is one of the most important contributions of the 

repository concept to the improvement of the software 

process. For example, if a UML class diagram is modified, 

the repository can detect whether related classes, interface 

descriptions, and code components also require modification 

and can bring affected SCIs to the developer's attention. 

Requirements tracing This special function depends on link 

management and provides the ability to track all the design 

and construction components and deliverables that result 

from a specific requirements specification (forward tracing). 

In addition, it provides the ability to identify which require-

ment generated any given work product (backward tracing). 

Configuration management. A configuration management 

facility keeps track of a series of configurations representing 

specific project milestones or production releases. 

Audit trails. An audit trail establishes additional information 

about when, why, and by whom changes are made. Informa-

tion about the source of changes can be entered as attributes 

of specific objects in the repository. A repository trigger 

mechanism is helpful for prompting the developer or the tool 

that is being used to initiate entry of audit information (such 

as the reason for a change) whenever a design element is 

modified. 

The software configuration management process defines a 

series of tasks that have four primary objectives: to identify 
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all items that collectively define the software configuration, 

to manage changes to one or more of these items, to facilitate 

the construction of different versions of an application, and 

to ensure that software quality is maintained as the configu-

ration evolves over time. 

A process that achieves these objectives need not be 

bureaucratic or ponderous, but it must be characterized in a 

manner that enables a software team to develop answers to a 

set of complex questions: 

 How does a software team identify the discrete elements 

of a software configuration? 

  How does an organization manage the many existing 

versions of a program (and its documentation) in a manner 

that will enable change to be accommodated efficiently? 

  How does an organization control changes before and 

after software is released to a customer? 

 Who has responsibility for approving and ranking 

requested changes? 

  How can we ensure that changes have been made 

properly? 

  What mechanism is used to apprise others of changes 

that are made? 

These questions lead to the definition of five SCM tasks—

identification, version control, change control, configuration 

auditing, and reporting—illustrated in Figure 2. 

 

Figure 2 

Referring to the figure, SCM tasks can viewed as concentric 

layers. SCIs flow outward through these layers throughout 

their useful life, ultimately becoming part of the software 

configuration of one or more versions of an application or 

system. As an SCI moves through a layer, the actions imply-

ed by each SCM task may or may not be applicable. For 

example, when a new SCI is created, it must be identified. 

However, if no changes are requested for the SCI, the change 

control layer does not apply. The SCI is assigned to a 

specific version of the software (version control mechanisms 

come into play). A record of the SCI (its name, creation date, 

version designation, etc.) is maintained for configuration 

auditing purposes and reported to those with a need to know. 

In the sections that follow, we examine each of these SCM 

process layers in more detail. 

Software Configuration Management Layers 

To control and manage SCI is need to used object-orientated 

approach. Two types of objects can be identified [4]: basic 

objects and aggregate objects. A basic object is a unit of 

information that you create during analysis, design, code, or 

test. For example, a basic object might be a section of a 

requirements specification, part of a design model, source 

code for a component, or a suite of test cases that are used to 

exercise the code. An aggregate object is a collection of basic 

objects and other aggregate objects. For example, a 

DesignSpecification is an aggregate object. Conceptually, it 

can be viewed as a named (identified) list of pointers that 

specify aggregate objects such as ArchitecturalModel and 

DataModel, and basic objects such as Compo- nentN and 

UMLClassDiagramN (Fig. 1). 

Configuration object identification can also consider the 

relationships that exist between named objects.  

For example:  

Class diagram <part-of> requirements model; 

Requirements model <part-of> requirements 

in SCIs hierarchy: 

DataModel <interrelated> DataFlowModel 

DataModel <interrelated> TestCaseClassM 

The identification scheme for software objects must 

recognize that objects evolve throughout the software 

process. Before an object is baselined, it may change many 

times, and even after a baseline has been established, 

changes may be quite frequent. 

Version control combines procedures and tools to manage 

different versions of configuration objects that are created 

during the software process. A version control system 

implements or is directly integrated with four major 

capabilities: a project database (repository) that stores all 

relevant configuration objects, a version management 

capability that stores all versions of a configuration object (or 

enables any version to be constructed using differences from 

past versions), a make facility that enables you to collect all 

relevant configuration objects and construct a specific 

version of the software. In addition, version control and 

change control systems often implement an issues tracking 

(also called bug tracking) capability that enables the team to 

record and track the status of all outstanding issues 

associated with each configuration object. 

A number of different automated approaches to version 

control have been proposed over the last few decades. The 

primary difference in approaches is the sophistication of the 

attributes that are used to construct specific versions and 

variants of a system and mechanics of construction’s process. 

For a large software project, uncontrolled change rapidly 

leads to chaos. For such projects, change control combines 

human procedures and automated tools to provide a mecha-

nism for the control of change. The change control process is 

illustrated schematically in Figure 3. A change request is 

submitted and evaluated to assess technical merit, potential 

side effects, overall impact on other configuration objects 

and system functions, and the projected cost of the change. 

The results of the evaluation are presented as a change report, 

which is used by a change control authority (CCA) - a person 

or group that makes a final decision on the status and priority 

of the change. An engineering change order (ECO) is genera-

ted for each approved change. The ECO describes the change 

to be made, the constraints that must be respected, and the 

criteria for review and audit. 

Prior to an SCI becoming a baseline, only informal change 

control need be applied. The developer of the configuration 

object (SCI) in question may make whatever changes are 

justified by project and technical requirements (as long as 

changes do not affect broader system requirements that lie 
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outside the developer's scope of work). Once the object has 

undergone technical review and has been approved, a 

baseline can be created. Once an SCI becomes a baseline, 

project level change control is implemented. Now, to make a 

change, the developer must gain approval from the project 

manager (if the change is ―local") or from the CCA if the 

change affects other SCIs. In some cases, formal generation 

of change requests, change reports, and ECOs is dispensed 

with. However, assessment of each change is conducted and 

all changes are tracked and reviewed. 
 

Need for changes is recognized

Change request from user

Developer evaluates

Change report is generated

Change control authority decides

Change request is denied

User is informed

Request is queued for action; ECO generated

Assign individuals to configuration objects

 Check out  configuration objects (items) 

Make the change

Review (audit) the change

 Check in  the configuration items that have 

been changed

Establish a baseline for testing

Perform quality assurance & testing activities

 Promote  changes for inclusion in next 

release (revision) 

Rebuild appropriate version of software

Review(audit) the change to all configuration 

items

Include changes in new version

Distribute the new version
 

Figure 3 

When the software product is released to customers, formal 

change control is instituted. The formal change control 

procedure has been outlined in Figure 3. 

The change control authority plays an active role in the 

second and third layers of control. Depending on the size and 

character of a software project, the CCA may be composed 

of one person - the project manager - or a number of people 

(e.g., representatives from software, hardware, database 

engineering, support, marketing). The role of the CCA is to 

take a global view, that is, to assess the impact of change 

beyond the SCI in question. How will the change affect 

hardware? How will the change affect performance? How 

will the change modify customers' perception of the product? 

How will the change affect product quality and reliability? 

These and many other questions are addressed by the CCA. 

A software configuration audit complements the technical 

review by assessing a configuration object for characteristics 

that are generally not considered during review. The audit 

asks and answers the following questions: 

1.  Has the change specified in the ECO been made? Have 

any additional modifications been incorporated? 

2. Has a technical review been conducted to assess technical 

correctness? 

3. Has the software process been followed and have 

software engineering standards been properly applied? 

4. Has the change been ―highlighted" in the SCI? Have the 

change date and change author been specified? Do the 

attributes of the configuration object reflect the change 

5. Have SCM procedures for noting the change, recording 

it, and reporting it been followed 

6. Have all related SCIs been properly updated? 

Configuration status reporting (sometimes called status account-

ting) is an SCM task that answers the following questions: 

What happened? Who did it? When did it happen? What else 

will be affected? 

The flow of information for configuration status reporting 

(CSR) is illustrated in Figure 3. Each time an SCI is assigned 

new or updated identification, a CSR entry is made. Each 

time a change is approved by the CCA (i.e., an ECO is 

issued), a CSR entry is made. Each time a configuration 

audit is conducted, the results are reported as part of the CSR 

task. Output from CSR may be placed in an online database 

or website, so that software developers or support staff can 

access change information by keyword category. In addition, 

a CSR report is generated on a regular basis and is intended 

to keep management and practitioners appraised of important 

changes. 

S ummary 

SCM is an umbrella activity that is applied throughout the 

software process: identifies, controls, audits, and reports 

modifications that invariably occur while software is being 

developed and after it has been released to a customer. All 

work products created as part of software engineering 

become part of a software configuration. The configuration is 

organized in a manner that enables orderly control of change. 

The SCIs are produced as a result of some software engi-

neering activity. In addition to documents, programs, and 

data, the development environment that is used to create 

software can also be placed under configuration control. All 

SCIs are stored within a repository that implements a set of 

mechanisms and data structures to ensure data integrity, 

provide integration support for other software tools, support 

information sharing among all members of the software 

team, and implement functions in support of version and 

change control. The evolution of a program can be tracked 

by examining the revision history of all configuration 

objects.  
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