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1 I ntroduction

1.1 Background

Software CMM1 has gained wide acceptance in software process improvement, especidly in
USA, but now even at the European market. Software CMM, called plain CMM in the
seque, is publicaly available and has been described in literature [3], and isdso available on
the world wide web. The gains of usng CMM for improving the software processes of an
organization have aso been published by a number of large US organizations, e.g. [2]. In
Sweden, only the large organizations have adopted CMM, e.g. Ericsson and ABB, but they
have not published same detail of investment or ROI of adopting CMM asthe US
organizations. Exact figures might dso be hard to determine, asit is difficult to derive the cause
of an event to asingle factor, like CMM use. Most likely, a success depends on severd
factors, not easily digtinguishable from each other.

Implementing CMM in an organization is a difficult task, as are the most improvement efforts,
requiring another way of thinking, and other tasks to be performed by the staff than they are
used to. Today, dso information about implementing CMM is publicaly available, eg. [1],[9],
presenting guiddines and pitfals for CMM implementation, supported by forms and templates.

A software development organization with notably symptoms of chaos caused by inmaturity,
should start a software process improvement program. Such a program may adopt CMM, or
any other modd publicaly available, or it can be gpproached in other ways, eg. by usng
GQM [8] to derive the attributes and metrics to be collected, which assess the State of the

1 The abbreviations are explained in the Appendix A.



processes, and by developing and implementing improved processes based on the GQM
andyss. CMM — as well as any other model presenting the maturity levels sepwise and to
enough detall, eg. SPICE [10], offer however a path which has historicaly proved to lead to
success with high probability, and being fundamentally based on sound management practices,
witnessed by the working philosophy of CMM developers a the Software Engineering
Ingtitute. The modd offers an improvement ladder, by introducing more and more software
enginering and management practices when dimbing on the ladder. It is intuitivdy a
comfortable way of executing an improvement program. Thereby we do not argue that CMM
isthe only or even the best modd for getting good improvement results.

It is often argued that about 2/3 of the organizations worldwide would be on the Level 1 if
asessed by CMM. When a chaosiis aready there, it is certainly wise to Start an improvement
program. It would, however, been even wiser to dart an improvement program before the
chaos became a redlity. This posshility is for obvious reasons only open for smal, newly
initiated organizations, with a few software enginears, and with a smple management
hierarchy. In the gart-up phase, with a few software engineers, with one or a most a few
versgons of one product, the communication is Smple, configuration management is Smple,
everybody knows what the colleque engineer is doing, neither the development work nor the
management offers bigger problems.

However, if the organization is successful, it will grow: after some time there will be many more
software engineers, one manager does not manage it dl, but there will be managers speciaised
to certain tasks, and aso an organizationd hierarchy in place, there will be even more versons
of the first product, but there will dso be new products, new application aress, the technology
growth forces new tools and methods to be used, - the list can be made much longer. At some
point in time, things dart to get complicated: it is not that easy to know what the colleque
engineer is doing, it is not easy to know which verson of the compiler was used to generate a
particular verson of a particular product to a particular customer, the management has no
overdght over the development, but needs some vighble evidence of the progress in the
development projects. This is exactly the same Studion as is the redlity for the 2/3 of dl the
organizations worldwide.

1.2 The Problem

In order to avoid that common dtuation, an organization should have the focus on software
process even before it is redly needed, i.e. dmost from its start. The existing modds are naot,
however, adequate for such a Situation. For example, CMM proposes more than 25 groups
and organizationd roles, with various tasks and respongbilities. In asmal organization, thereis
not even enough peopleto fill dl the roles proposed. Therefore, the models need to be scaed
down to the needs and possbilities of small organizations. At the same time, it is important that
such a modd is gpplicable continuoudy in the course of time, if the organization grows.
Therefore, the mode should advice steps for introducing activities to be implemented in the
course of time, otherwise it will cease to be useful after awnhile,



1.3  The Objectivesand Methodology

The research reported in this paper ams to develop models like CMM for smal and medium
dze organizations according to the requirements of being useful before chaos and while
growing. The scope of the modd is Leve 2 of CMM. When the organization has reached the
Level 2 maturity, most likely, the origind CMM modd can be used. In order to serve a
business before chaos, dready from its start, and to provide for growing needs, the SME
busnesses are classfied into three classes: eXtra eXtra Smdl (XS), Extra Smdl (XS), and
Smdl (S). Further, the type of business has its implications, whether it is the development of
software for open market, or the provison of customer specific solutions of type information
technology.

In this paper, we limit oursdves to organizaions in their dating phase, i.e for XS
organizations, both for organizations developing software to an open market as wel as
organizations providing information technology solutions to specific customers. We are avare
that the classes dong the sze and the type of business might not cover dl possible lines of
business. For example, an organization growing extremely fast might not find the models with
three dternatives accurate, as they represent a stepwise growth, but a continuous model for
growth might be needed. In this phase of the research, we limit oursaves to the sepwise
growth model, however.

In order to propose CMM for XS, an revolutionary gpproach of experimental paradigm has
been used. Such an gpproach starts with proposing a new model, and applying the modd to
case sudies, measuring and andyzing, and vdidating the modd. The new modd is the CMM
for XS. The gpplication of the modd to case sudies will be done later, and will not be a part
of this paper. The models XXS and S are described in [3],[4]. Some advice which model to
use and when to change the modd, are presented in [5]. The mode building requires
knowledge and undergtanding of the intentions of the CMM, as well as of the tasks and
activities to be performed by the people possessng the roles. In additions to that, the
conditions and dtuations in XS type of organizations must be wel-understood, and the
difficulties and obstacles when proposing and implementing quaity improvement in small
organizations 2.The task is to reduce the number of roles, which requires merging of severd
roles to one. For that reason, it is important to sudy the dependencies between the roles, in
order to avoid the origina intentions of the model to be logt. For example, it isintuitively clear
that software quality assurance (SQA) role should not be possessed by a person who is part
of the devdopment team, as the SQA role is supposed to assure the quality of the work
products developed, among other things.

The basis for the work is CMM Leve 2 and characterization of XXS organizations. Some of
the roles proposed are not relevant for smal organisations. Some of the roles are relevant as
to their tasks and responshilities, but not to formally appoint a person to the role.

2 Astrid Laryd, PragmaKonsult AB, has contributed with her competencein quality improvement work
from Swedish industry. The association to the EC supported project EUREX (European Experience
Exchange) of Terttu Orci has given someinsight to the process improvement work in the European
industry.



In Section 2, an XS organization is characterized, and the roles in CMM are classfied.
Further, the role taking over the responsbility of an Rl role are presented. Section 3 presents
aCMM for XS organizations, and Section 4 contains concluding remarks.

2 Characteristicsand Rolesin Extra Small Organizations

An eXtra Smdl organization has 3-15 employees, and a few product/product versons. If the
organization is developing products for open market, the time of entering XS modd is
probably the time of the first release, i.e. the time when the hard work with successive releases
and change management begins. Moreover, the life after the first product is of drategic
importance. In order to keep the first product successful and on the market, the organization
needs to grow. Most probably, new products are on the way, adso implying need to recruit
more daff. The roles PM, MS, STG, and SWM are essentid and classfied as RE. STG
should be an internd role. Still, a person possessing one of those roles may very well work
aso in another role. In organizations developing customer specific solutions, SWM becomes
the expert on computers and adjustments a the customer dte. Further, we assume that
subcontracting is not practized in a XS organization.



2.1 Rolesand Responsibilities

Many of therolesin CMM do not imply any responsihilities, e.g. affected groups, but rather
they appear in other roles descriptions as partners for negotiations. Such roles are dso
manager and managersin SQA reporting chain, asit is not reaigtic to assume more than one
manager in XXS organizations. Some roles are irrdlevant, e.g the roles associated to SSM.
Those roles are omitted in Table 1. A rolein table under the heading Role in CMM, which
should be formaly appointed, appears dso in the table under Role in charge. A role under
Rolein CMM, which does not need aforma gppointment, but the tasks and responsibilities
are assgned to another role, has that role under the heading Rolein charge.

Rolein CMM Abbrev i Rolein charge
Contract management group MS
Customer SQA representative CSQA CSQA
Documentation Support Group DSG SE
Hardware engineering group G
Marketing and Sales MS MS
Project Manager PM PM
Senior Manager SM SM
Software Configuration Management SCM SCM
Software Engineering group SE SE
Software estimating group PM
SoftWare Manager SWM SWM
Software Quality Assurance group SQA SQA
System engineering Group G G
System Test Group STG STG

Table 1. Theroles

In XS, the tasks of Contract management group are proposed to be carried out by
Marketing and Sales (MYS).

Hardware engineering group has no responshility is CMM, rather the group isinvolved in
negotiations concerning the requirements, etc. SG group, responsible for the entire system with
software and hardware, is supposed to take over the tasks of hardware engineering group.

Softwar e estimating group is an expert group, possessing expert skillsin estimation. In an
XS, such expert group is not redidtic to assume: in the beginning of an organization'slife, there



is normdly no such skills within the organization, naither isit redidtic to hire those sarvices.
Edtimation, to the extent done, is assumed to be handled by project manager PM.

SoftWare Manager (SWM) is the manager of the software development environment, but also
of the operative software and hardware in the organi zation.

Documentation support might be needed, but isis not redigticto assume aforma role of
Documentation Support Group (DSG). The respongibility is assgned to the Software
Engineer (SE).

CQA isrdevant only for organizations developing customer specific solutions, and if the
customer has a CSQA.

System Engineering Group (SG) isrespongble for the systems with both software and
hardware.

Softwar e configuration control board — SCCB isrequired to exist according to CMM. In
an XS, the tasks of the board are assigned to Software Configuration Management group
(SCM).

System Test Group (STG) is supposed to be responsble for system tests, while SE hasthe
respongibility of tests during development. Vaidation and verification including testing is of
primary importance to obtain aquaity product.

In Figure 1, the roles in an XS organization are presented. The associations between the roles
have the semantics of "shared-by", which is a binary reation, more exactly an equivaence
relation. Therefore, trangtivity gpplies. For example, the activities and respongbilities of SE
may be shared by SG. The frames represent projects. A role within a frame is specific to a
project, eg. each project has a project manager (PM), while the role SWM is shared
between several projects. A shaded circle means that the role is new compared to the
"previous’ modd, i.e. an organization growing from an XXS organization to an XS
organization, introduces the shaded role.
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Figure 1. Therolesin an XSorganization

3 CMM Leve 2 for XS Organizations

In this section, the CMM for XS organizations is presented. It isrelevant for both types of
organizations. organizations developing software to open market and organizations providing
information technology solutions to specific customers. When the modd differs, it will be
explicitly sated.

The text isfrom CMM in [3], modified according to the changed roles.

Requirements M anagement

The purpose of Requirements Management is to establish a common understanding between
the customer and the software project of the customer’ s requirements that will be addressed



by the software project.

Requirements Management involves establishing and maintaining an agreement with the
customer on the requirements for the software project. This agreement is referred to asthe
“system requirements alocated to the software” The “customer” may be interpreted asthe
system engineering group, the marketing group, ancther interna organization, or an externd
customer. The agreement covers both the technica and nontechnicd (e.g., ddivery dates)
requirements. The agreement forms the basis for estimating, planning, performing, and track
the software project’ s activities throughout the software life cycle.

The dlocation of the system requirements to software, hardware, and other system
components (e.g. humans) may be performed by a group externd to the software engineering
group (e.g., the system engineering group), and the software engineering group may have no
direct control of this dlocation. Within the congraints of the project, the software engineering
group takes appropriate steps to ensure that the system requirements alocated to software,
which it is responsible for addressing, are documented and controlled.

To achieve this control, the software engineering group reviews the initid and revised system
requirements alocated to software to resolve issues before they are incorporated into the
software project. Whenever the system requirements alocated to software are changed, the
affected software plans, work products, and activities are adjusted to remain consstent with
the updated requirements.

Goals

Goal 1 System requirements allocated to software are controlled to
establish a baseline for software engineering and management use.

Goal 2 Software plans, products and activities are kept consistent with the

system requirements allocated to software.

Commitment to Perform

Commitment 1 The project follows a written organizational policy for managing
the system requirements allocated to software

The system requirements allocated to the software are referred to as “ allocated
requirements” in these practices. The allocated requirements are the subset of
the system requirements that are to be implemented in the software components
of the system. The allocated requirements are a primary input to the software
development plan. Software requirements analysis elaborates and refines the
allocated requirements and results in software requirements which are
documented.



This policy typicaly specifiesthat:

1. Theadlocated requirements are documented.
2. Thedlocated requirements are reviewed by:
the software managers, and
other affected groups.

Examples of affected groupsinclude:
- systemtest (STG),
software engineering (SE),
system group (SG),
software quality assurance (SQA), and
software configuration management (SCM).

3. The software plans, work products, and activities are changed to be
congstent with changes to the allocated requirements.

Ability to Perform

Ability 1

Ability 2

For each project, responsibility is established for analyzing the system
requirements and allocating them to hardware, software and other
system components.

Analysis and allocation of the system requirementsis not the responsibility of the
software engineering group but is a prerequisite for their work.

This respongbility covers

1. Managing and documenting the system requirements and their dlocation
throughout the project’slife.
2. Effecting changes to the system requirements and their alocation.

The allocated requirements are documented.
The dlocated requirements include:

1. Thenontechnical requirements (i.e., the agreements, conditions, and/or
contractua terms) that affect and determine the activities of the software
project.

Examples of agreements, conditions, and contractual termsinclude:
products to be delivered,
delivery dates, and

milestones



2. Thetechnica requirements for the software.

Examples of technical requirementsinclude:
- end use, operator, support, or integration functions;
performance requirements;
design constraints;
programming language; and
interface requirements

3. Theacceptance criteriathat will be used to vdidate that the software
products satisfy the dlocated requirements.

Ability 3 Adeguate resources and funding are provided for managing the allocated
requirements.

1. Software engineers are assgned to manage the dlocated requirements.
2. Toolsto support the activities for managing requirements are made
available.

Example of support toolsinclude:
- spreadsheet programs,
tools for configuration management,
toolsfor traceability, and

toolsfor text management.

Ability 4 Members of the software engineering group and other software-related
groups aretrained to performtheir requirements management activities.

Examples of training include:
the methods, standards, and procedures used by the project, and
the application domain.

Activities Performed

Activity 1 The software engineering group reviews the allocated requirements
before they are incorporated into the software project.

1. Incomplete and missing alocated requirements are identified.
2. Thealocated requirements are reviewed to determine whether they are:
feasble and appropriate to implement in software,
clearly and properly stated,
consgtent with each other, and
testable
3. Any dlocated requirements identified as having potentia problems are
reviewed with the system group responsible for analyzing and alocating

10



system requirements, and necessary changes are made.
4. Commitments resulting from the dlocated requirements are negotiated with
the affected groups.

Examples of affected groupsinclude:
- software engineering,
project manager,
system group,
system test group,
software quality assurance,
software configuration management, and

marketing and sales.

Refer to Activity 6 of the Software Project Planning key process areafor practices
covering negotiating commitments.

Activity 2 The software engineering group uses the allocated requirements as the
basis for software plans, work products, and activities.

The dlocated requirements.

1. Aremanaged and controlled.

“Managed and controlled” implies that the version of the work product in use at agiven
time (past or present) isknown (i.e., version control), and changes are incorporated in a
controlled manner (i.e., change contral).

If agreater degree of formality thanisimplied by “managed and controlled” isdesired,
the work product can be placed under the full discipline of configuration management,
asisdescribed in the Software Configuration Management key process area.

2. Arethebassfor the software development plan.
3. Arethebadsfor developing the software requirements.

Activity 3 Changes to the allocated requirements are reviewed and incor porated
into the software project.

1. Theimpact to existing commitments is assessed, and changes are
negotiated as appropriate.
Changes to commitments made to individuas and groups externd to
the organization are reviewed with senior management.

Refer to Activity 4 of the Software Project Planning key process areaand Activity 3 of
the Software Project Tracking and Oversight key process area for practices covering
commitments made external to the organization.

Changes to commitments within the organization are negotiated with
the affected groups.

1



Refer to Activities 5, 6, 7, and 8 of the Software Project Tracking and Oversight key
process areafor practices covering negotiating changes to commitments.

2. Changesthat need to be made to the software plans, work products, and
activities resulting from changes to the dlocated requirements are;

- identified,
evaluated,
assessed for risk,
documented,
planned,
communicated to the affected groups and individuals, and tracked
to completion.

Measurement and Analysis

M easurement 1 Measurements are made and used to deter mine the status of the

activities for managing the allocated requirements.

Examples of measurements include:
status of each of the allocated requirements
change activity for the allocated requirements, and
cumulative number of changes to the allocated requirements, including
total number of changes proposed, open, approved and incorporated into
the system baseline.

Verifying | mplementation

Verification 1

Verification 2

The activities for managing the allocated requirements are
reviewed
with senior manager on a periodic basis.

The primary purpose of periodic reviews by senior management isto provided
awareness of and insight into software process activities at an appropriate level
of abstraction and in atimely manner. The time between reviews should meet
the needs of the organization and may be lengthy, as|ong as adequate
mechanisms for exception reporting are available.

Refer to Verification 1 of the Software Project Tracking and Oversight key
process area for practices covering the typical content of senior management
oversight reviews.

The activities for managing the allocated requirements are
reviewed
with the project manager on both a periodic and event-driven



bas's.

Refer to Verification 2 of the Software Project Tracking and Oversight key
process areafor practices covering the typical content of project management
oversight reviews.

Verification 3 The software quality and assurance reviews and/or audits the
activities and work productsfor managing the allocated
requirements and reports the results.

Refer to the Software Quality Assurance key process area.

At aminimum, these reviews and/or audits verify thet:

1. Theadlocated requirements are reviewed, and problems are resolved
before the software engineering group commits to them.

2. The software plans, work products, and activities are appropriately
revised when the allocated requirements change.

3. Changesto commitments resulting from changes to the alocated
requirements are negotiated with the affected groups.

Softwar e Project Planning

The purpose of Software Project Planning is to establish reasonable plans for performing the
software engineering and for managing the software project.

Software Project Planning involves developing estimates for the work to be performed,
establishing the necessary commitments, and defining the plan to perform the work.

The software planning begins with a statement of the work to be performed and other
congtrains and goas that define and bound the software project (those established by the
practices of the Requirements Management key process areg). The software planning process
includes steps to estimate the size of the software work products and the resources needed,
produce a schedule, identify and assess software risks, and negotiate commitments. Iterating
through these steps may be necessary to establish the plan for the software project (i.e., the
software development plan).

This plan provides the basis for performing and managing the software project’ s activities and
addresses the commitments to the software project’ s customer according to the resources,
congraints, and capabilities of the software project.

Goals

13



Goal 1 Softwar e estimates are documented for the use in planning and tracking

the software project.
Goal 2 Softwar e project activities and commitments are planned and
documented.
Goal 3 Affected groups and individuals agree to their commitmentsrelated to
the software project.

Commitment to Perform

Commitment 1 A project manager is designated to be responsible for negotiating
commitments and devel oping the project’ s software
development plan.

Commitment 2 The project follows a written organizational policy for planning a
softwar e project.

This palicy typicdly specifiesthat:

1. The system requirements alocated to software are used as the basi's
for planning the software project.

Refer to Activity 2 of the Requirements Management key process area.

2. The software project’ s commitments are negotiated between:
the project manager, and
the software manager.

3. Involvement of other engineering groups in the software activitiesis
negotiated with these groups and is documented.

Examples of other engineering groupsinclude:
system group and,
system test group.

4. Affected groups review the software project’s.
software Sze estimates,
effort and cost estimates,
schedules, and
other commitments.

14



Examples of affected groupsinclude:
- software engineering ,
project manager,
system group,
system test group,
software quality assurance,
software configuration management, and

marketing and sales.

5. Senior manager reviews dl software project commitments made to
individuas and groups externd to the organization.

6. The project’s software development plan is managed and controlled.

The term “ software development plan” is used throughout these practicesto refer
to the overall plan for managing the software project. The use of “development”
terminology is not intended to exclude software maintenance or support projects
and should be appropriately interpreted in the context of theindividual project.

“Managed and controlled” implies that the version of the work product in use at a
given time (past of present) isknown (i.e., version control) and changes are
incorporated in a controlled manner (i.e., change control).

If agreater degree of control than isimplied by “managed and controlled” is
desired, the work product can be placed under the full discipline of configuration
management, as is described in the Software Configuration Management key
process area.

Ability to Perform

Ability 1 A documented and approved statement of work exists for the software
project.

1. The statement of work covers.
scope of the work,
technical gods and objectives,
identification of customers and end users,

The end usersreferred to in these practices are the customer designated end
users or representatives of the end users.

imposed standards,

assigned respongbilities,

cost and schedule congtraints and goals,

dependencies between the software project and other organizations,

Examples of other organizationsinclude:

15



Ability 2

Ability 3

Ability 4

the customer, and
joint venture partners.

resource congtraints and god's, and
other congtraints and goas for development and/or maintenance.

2. The statement of work is reviewed by:

the project manager,
the software manager, and
other affected groups.

3. The statement of work is managed and controlled.

Responsibilities for devel oping the software development plan are
assigned.

1

The project manager, directly or by delegation, coordinates the project’s
software planning.

Responsihilities for the software work products and activities are
partitioned and assigned to software manager in atraceable, accountable
manner.

Examples of software work products include:
- work products for delivery to the external customer or end users, as
appropriate;
work products for use by other engineering groups; and
major work products for internal use by the software engineering group.

Adequate resources and funding are provided for planning the
software project.

1

Where feasible, experienced individuals, who have expertise in the
gpplication domain of the software project being planned, are available to
develop the software development plan.

Toolsto support the software project planning activities are made
avaladle.

Examples of support toolsinclude:
-preadsheet programs,
estimating models, and
project planning and scheduling programs.

The software manages, software engineers, and other individuals
involved in the software project planning are trained in the software

16



estimating and planning procedures applicable to their areas of
responsibility.

Activities Performed

Activity 1  The software engineering group participates on the project proposal
term.

1. The software engineering group isinvolved in:

proposa preparation and submission,

clarification discussons and submissons, and

negotiaions of changes to commitments that affect the software
project.

2. The software engineering group reviews the project’ s proposed
commitments

Examples of project commitmentsinclude:
the project’ stechnical goals and objectives;
the system and software technical solution;
the software budget, schedule, and resources; and
the software standards and procedures.

Activity 2 Software project planning isinitiated in the early stages of, and in
parallel with, the overall project planning.

Activity 3 The softwar e engineering group participates with other affected groups
in the overall project planning throughout the project’slife.

1. The software engineering group reviews the project-level plans.

Activity 4 Software project commitments made to individuals and groups external
to the organization are reviewed with senior manager according to a
documented procedure.

Activity 5 A software life cycle with predefined stages of manageable szeisidentified or
defined.

Examples of softwarelife cyclesinclude:
waterfall,
overlapping waterfall,

17



Activity 6

Activity 7

spiral,
serial build, and
single prototype/overlapping waterfall.

The project’ s software development plan is devel oped according to a
documented procedure.

This procedure typicdly specifies that:

1. The software development plan is based on and conforms to:
the customer’ s standards, as appropriate;
the project’ s standards;
the approved statement of work; and
the dlocated requirements.

2. Plansfor software rdated groups involved in the activities of the software
engineering group are negotiated with those groups, the support efforts are
budgeted, and the agreements are documented.

Examples of software-related groups include:
software quality assurance, and

software configuration management.

Examples of other engineering groupsinclude:
system group, and
system test group.

3. Pansfor involvement of the software engineering group in the activities of
other software-related groups and other engineering groups are negotiated
with those groups, the support efforts are budgeted, and the agreements
are documented.

4. The software development planisreviewed by:
the project manager,
the software manager, and
other affected groups.

5. The software development plan is managed and controlled.

The plan for the software project is documented.

In the key practices, this plan or collection of plansisreferred to asthe
software development plan.

Refer to Activity 1 of the Software Project Tracking and Oversight key process area for
practices concerning the project’ s use of the software development plan.

18



Activity 8

Activity 9

The software development plan covers:

N

»

0.

The software project’ s purpose, scope, goas, and objectives.
Sdection of a software life cycle.

I dentification of the selected procedures, methods, and standards for
developing and/or maintaining the software.

Examples of software standards and procedures include:
- software development planning,
software configuration management,
software quality assurance,
software design,
problem tracking and resolution, and
software measurement.

Identification of software work products to be devel oped.

Size estimates of the software work products and any changesto the
software work products.

Estimates of the software project’ s effort and cogts.

Estimated use of critical computer resources.

The software project’ s schedules, indluding identification of milestones and
reviews.

| dentification and assessment of the project’s software risks.

10. Plansfor the project’ s software engineering facilities and support tools.

Software work products that are needed to establish and maintain
control of the software project are identified.

Refer to Activity 4 of the Software Configuration Management key process

area.

Estimates for the size of the software work products (or changes to the
size of software work products) are derived according to a documented
procedure.

This procedure typicdly specifies that:

1.

Size estimates are made for dl mgor software work products and
activities.

Exampl es of software size measurementsinclude;
function points,
feature points,
lines of code,
number of requirements, and
number of pages.
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Activity 10

o b~ w

Examples of types of work products and activities for which size estimates are made
include:
operational software and support software,
deliverable and nondeliverable work products,
software and nonsoftware work products (e.g., documents), and
activitiesfor developing, verifying, and validating work products.

Software work products are decomposed to the granularity needed to
meet the estimating objectives.

Historica data are used where available.

Size edimating assumptions are documented.

Size edtimates are documented, reviewed, and agreed to.

Examples of groups and individuals who review and agree to size estimates include:
the project manager, and
the software manager.

Estimates for the software project’s effort and costs are derived
according to a documented procedure.

This procedure typicaly specifies that:

1.

2.

Estimates for the software project’ s effort and cogts are related to the size
estimates of the software work products (or the size of the changes).
Productivity data (historical and/or current) are used for the estimates
when available; sources and rationae for these data are documented.

The productivity and cost data are from the organization’s projects
when possible.

The productivity and cost data take into account the effort and
sgnificant cogts that go into making the software work products.

Examples of significant costs that go into making the software work products
include:
- direct labor expenses,
overhead expenses,
travel expenses, and
computer use costs.

Effort, staffing, and cost estimates are based on past experience.

Similar projects should be used when possible.

Time phasing of activitiesis derived.

Digributions of the effort, saffing, and cost estimates over the
software life cycle are prepared.

Edtimates and the assumptions made in deriving the estimates are
documented, reviewed, and agreed to.
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Activity 11

Activity 12

Estimates for the project’s critical computer resources are derived
according to a documented procedure.

Critical computer resources may be in the host environment, in the integration
and testing environment, in the target environment, or in any combination of
these.

This procedure typicdly specifies that:
1. Critica computer resources for the project are identified.

Examples of critical computer resourcesinclude:
computer memory capacity,
computer processor use, and
communications channel capacity.

2. Edimatesfor the critica computer resources are related to the estimates
of:
- the size of the software work products,
the operationa processing load, and
the communications traffic.
3. Edtimates of the critica computer resources are documented, reviewed,
and agreed to.
The project’ s software schedule is derived according to a documented
procedure.
This procedure typicdly specifies that:
1. The software schedule isrelated to:
the Size estimate of the software work products (or the size of
changes), and
the software effort and codts.
2. The software schedule is based on past experience.
Similar projects are used when possible.

3. The software schedule accommodates the imposed milestone dates,

21



Activity 13

Activity 14
are

Activity 15

critical dependency dates, and other congdtraints.

The software schedule activities are of gppropriate duration and the
milestones are of gppropriate time separation to support accuracy in
progress measurement.

Assumptions made in deriving the schedule are documented.

The software schedule is documented, reviewed, and agreed to.

The softwar e risks associated with the cost, resource, schedule, and
technical aspects of the project are identified, assessed, and documented.

1.

The risks are analyzed and prioritized based on their potential impact to
the project.
Contingencies for the risks are identified.

Examples of contingencies include:
schedule buffers,
alternate staffing plans, and
alternate plans for additional computing equipment.

Plans for the project’ s software engineering facilities and support tools

prepared.

1.

3.

Edtimates of cagpacity requirements for these facilities and support tools are
based on the sze estimates of the software work products and other
characterigtics.

Examples of software development facilities and support tools include:
software devel opment computers and peripherals,
software test computers and peripherals,
target computer environment software, and
other support software

Respongibilities are assigned and commitments are negotiated to procure
or develop these facilities and support tools.
The plans are reviewed by dl affected groups.

Software planning data are recorded.

1.

2.

I nformation recorded includes the estimates and the associated information
needed to reconstruct the estimates and assess their reasonableness.
The software planning data are managed and controlled.



Measurement and Analysis

M easurement 1

Measurements are made and used to deter mine the status of the
software planning activities.

Examples of measurementsinclude:
compl etions of milestones for the software project planning activities
compared to the plan; and
work completed, effort expended, and funds expended in the software
project planning activities compared to the plan.

Verifying | mplementation

Verification 1

Verification 2

Verification 3

The activities for software project planning are reviewed with
senior manager on a periodic basis.

The primary purpose of periodic reviews by senior management is to provide awareness
of, and insight into, software process activities at an appropriate level of abstraction and

in atimely manner. The time between reviews should meet the needs of the organization
and may be lengthy, aslong as adequate mechanisms for exception reporting are
available.

The technicd, cost, saffing, and schedule performance is reviewed.
Conflicts and issues not resolvable at lower levels are addressed.
Software project risks are addressed.

Action items are assigned, reviewed, and tracked to closure.

A summary report from each meeting is prepared and distributed to the
affected groups and individuds.

g~ wpdpE

The activities for software project planning are reviewed with the
project manager on both a periodic and event-driven basis.

1. Affected groups are represented.

2. Statusand current results of the software project planning activities are
reviewed againgt the software project’s satement of work and all ocated
requirements.

Dependencies between groups are addressed.

Conflicts and issues not resolvable at lower levels are addressed.
Software project risks are reviewed.

Action items are assigned, reviewed, and tracked to closure.

A summary report from each meeting is prepared and distributed to the
affected groups and individuds.

No gk~ w

The software quality assurance group reviews and/or audits the



activities and work products for software project planning and
reports the results.

Refer to the Software Quality Assurance key process area.
At aminimum, the reviews and/or audits verify:

The activities for software estimating and planning.

The activities for reviewing and making project commitments.
The activities for preparing the software devel opment plan.

The standards used for preparing the software development plan.
The content of the software development plan.

g~ wbdpE

Softwar e Project Tracking and Oversight

The purpose of Software Project Tracking and Oversight isto provide adequate visbility into
actual progress so that management can take effective actions when the software project’s
performance deviates sgnificantly from the software plans.

Software Project Tracking and Oversight involves tracking and reviewing the software
accomplishments and results against documented estimates, commitments, and plans, and
adjusgting these plans based on the actual accomplishments and results.

A documented plan for the software project (i.e., the software development plan, as described
in the Software Project Planning key process areq) is used as the basis for tracking the
software activities, communicating Satus, and revisng plans. Software activities are monitored
by the management. Progressis primarily determined by comparing the actua software Size,
effort, cost, and schedule to the plan when sdlected software work products are completed
and at selected milestones. When it is determined that the software project’ s plans are not
being met, corrective actions are taken. These actions may include revising the software
development plan to reflect the actua accomplishments and replanning the remaining work or
taking actions to improve the performance.

Goals
Goal 1 Actual results and performance are tracked against the software plans.
Goal 2 Corrective actions are taken and managed to closure when actual results

and performance deviate significantly from the software plans.
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Goal 3 Changes to software commitments are agreed to by the affected groups
and individuals.

Commitment to Perform

Commitment 1 A project manager is designated to be responsible for the
project’ s software activities and results.

Commitment 2 The project follows a written organizational policy for managing
the softwar e project.

Thispalicy typicaly soecifies that:

1. A documented software development plan is used and maintained as
the basis for tracking software project.

2. The project manager is kept informed of the software project’s status
and issues.

3. Caorrective actions are taken when the software plan is not being
achieved, either by adjusting the performance or by adjusting the
plans.

4. Changes to the software commitments are made with the involvement
and agreement of the affected groups.

Examples of affected groupsinclude:
- software engineering,

project manager,

system group,

system test group,

software quality assurance,

software configuration management, and

marketing and sales.
5. Senior management reviews al commitment changes and new software
project commitments made to individuas and groups externd to the
organizetion.

Ability to Perform

Ability 1 A software development plan for the software project is documented and
approved.
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Ability 2

Ability 3

Ability 4

Refer to Activities 6 and 7 of the Software Project Planning key process areafor
practices covering the software development plan.

The project manager explicitly assigns responsibility for software work
products and activities.

The assgned responsibilities cover:

The software work products to be developed or servicesto be provided.
The effort and cost for these software activities.

The schedule for these software activities.

The budget for these software activities.

AwbdE

Adequate resources and funding are provided for tracking the software
project.

1. The software manager and the project manager are assgned specific
respongbilities for tracking the software project.
2. Toolsto support software tracking are made available.

Examples of support toolsinclude:
spreadsheet programs, and
project planning/scheduling programs.

The software managers are trained in managing the technical and
personnel aspects of the software project.

Examples of training include:
managing technical projects;
tracking and oversight of the software size, effort, cost, and schedule; and
managing people.

Activities Performed

Activity 1

A documented software development plan is used for tracking the
softwar e activities and communicating status.

Refer to Activity 7 of the Software Project Planning key process areafor practices
covering the content of the software development plan.

This software development plan is:

1. Updated as the work progresses to reflect accomplishments, particularly
when milestones are compl eted.
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Activity 2

Activity 3

Activity 4

2.

Readily avalable to:
- the software engineering group (including al subgroups, such as
software design),
the software managers,
the project manager,
senior management, and
other affect groups.

The project’ s software development plan isrevised according to a
documented procedure.

Refer to Activity 6 of the Software Project Planning key process areato practices
covering the activities for producing the software development plan.

This procedure typicaly specifies that:

1.

»

The software development plan is revised, as gppropriate, to incorporate
plan refinements and incorporate plan changes, particularly when plans

change sgnificantly.

| nterdependenci es between the system requirements alocated to software,
design congtraints, resources, costs, and schedule need to be reflected in
al changesto the plan.

The software development plan is updated to incorporate al new software
project commitments and changes to commitments.

The software development plan is reviewed at each revision.

The software devel opment plan is managed and controlled.

“Managed and controlled” implies that the version of the work product in use at a
given time (past or present) isknown (i.e., version control) and changes are
incorporated in a controlled manner (i.e., change control).

If agreater degree of control than isimplied by “managed and controlled” is
desired, the work product can be placed under the full discipline of configuration
management, as is described in the Software Configuration Management key
process area.

Softwar e project commitments and changes to commitments made to
individuals and groups external to the organization are reviewed with
senior management according to a documented procedure.

Approved changes to commitments that affect the software project are
communicated to the member s of the software engineering group and
other software-related groups.
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Activity 5

Activity 6

Activity 7

Examples of other software-related groups include:
software quality assurance, and
software configuration management.

The sizes of the software work products (or sizes of the changesto the
software work products) are tracked, and corrective actions are taken as
necessary.

Refer to Activity 9 of the Software Project Planning key process areafor practices
covering derivation of size estimates.

1. Sizesfor dl mgor software work products (or the sizes of the changes are
tracked.

2. Actual sze of code (generated, fully tested, and delivered) is compared to
the estimates documented in the software devel opment plan.

3. Actud units of delivered documentation are compared to the estimates
documented in the software development plan.

4. Overdl projected sze of the software work products (estimates,
combined with actuals) is refined, monitored, and adjusted on aregular
basis.

5. Changesin size estimates of the software work products that affect
software commitments are negotiated with the affected groups and are
documented.

The project’ s software effort and costs are tracked, and corrective
actions are taken as necessary.

Refer to Activity 10 of the Software Project Planning key process areafor practices
covering the derivation of cost estimates.

1. Actud expenditures of effort and costs over time and againgt work
completed are compared to the estimates documented in the software
development plan to identify potentid overruns and underruns,

2. Software costs are tracked and compared to the estimates documented in
the software development plan.

3. Effort and gaffing are compared to the estimates documented in the
software development plan.

4. Changesin gtaffing and other software codts that affect software
commitments are negotiated with the affected groups and are documented.

The project’ s critical computer resources are tracked and corrective
actions are taken as necessary.

Refer to Activity 11 of the Software Project Planning key process areafor practices
covering the derivation of computer resource estimates.

1. Theactua and projected uses of the project’s critical computer resources

28



Activity 8

Activity 9

Activity 10

Activity 11

are tracked and compared to the estimates for each mgjor software
component as documented in the software development plan.

2. Changesin estimates of critical computer resources that affect software
commitments are negotiated with the affected groups and are documented.

The project’ s software schedule is tracked, and corrective actions are taken
as necessary.

Refer to Activity 12 of the Software Project Planning key process areafor practices
covering derivation of the schedule.

1. Actud completion of software activities, milestones, and other
commitments is compared againg the software development plan.

2. Effectsof late and early completion of software activities, milestones, and
other commitments are evauated for impacts on future activities and
milestones.

3. Software schedule revisions that affect software commitments are
negotiated with the affected groups and are documented.

Softwar e engineering technical activities are tracked, and corrective
actions are taken as necessary.

1. Members of the software engineering group report ther technicd satusto
ther firs-line manager on aregular basis.

2. Software release contents for successve builds are compared to the plans
documented in the software development plan.

3. Problemsidentified in any of the software work products are reported and
documented.

4. Problem reports are tracked to closure.

The softwar e risks associated with cost, resource, schedule, and technical
aspects of the project are tracked.

Refer to Activity 13 of the Software Project Planning key process areafor practices
covering identification of risks.

1. Thepriorities of the risks and the contingencies for the risks are adjusted
as additiona information becomes available.
2. High-risk aress are reviewed with the project manager on aregular basis.

Actual measurement data and replanning data for the software project
arerecorded.

Refer to Activity 15 of the Software Project Planning key process areafor practices
covering recording of project data.
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Information recorded includes the estimates and associated information
needed to recongtruct the estimates and verify their reasonableness.

The software replanning data are managed and controlled.

The software planning data, replanning data, and the actual measurement
data are archived for use by ongoing and future projects.

Activity 12 The software engineering group conducts periodic internal reviewsto
track technical progress, plans, performance, and issues against the
softwar e development plan.

These reviews are conducted between:

1.

The project manager and software manager.

Activity 13 Formal reviews to address the accomplishments and results of the
software project are conducted at selected project milestones according
to a documented procedure.

These reviews

1.

2.

6.
7.

Are planned to occur a meaningful pointsin the software project’s
schedule, such as the beginning or completion of selected stages.

Are conducted with the customer, end user, and affected groups within the
organization, as appropriate.

The end usersreferred to in these practices are the customer designated
end users or representatives of the end users.

Use materidsthat are reviewed and approved by the responsible software
managers.

Address the commitments, plans, and status of the software activities.
Resault in the identification and documentation of significant issues, action
items, and decisions.

Address the software project risks.

Reault in the refinement of the software development plan, as necessary.

Measurement and Analysis

Measurement 1

Measurements are made and used to determine the status of the
software tracking and oversight activities.

Examples of measurements include:
effort and other resources expended in performing the tracking and oversight
activities, and



change activity for the software development plan, which includes changesto size
estimates of the software work products, softare cost estimates, critical computer
resource estimates, and schedule.

Verifying Implementation

Verification 1 The activities for software project tracking and oversight are
reviewed with senior manager on a periodic basis.

The primary purpose of periodic review by senior management isto provide
awareness of, and indght into software process activities at an appropriate level og
abgraction and in atimely manner. The time between reviews should meet the needs
of the organization and may be lengthy, aslong as adequate mechanisms for exception
reporting are available.

The technical, cogt, saffin, and schedule performance is reviewed.

Conflicts and issues not resolvable at lower levels are addressed.

Software project risks are addressed.

Action items are assigned, reviewed, and tracked to closure.

A summary satus report from each meting is prepared and distributed to the affected

groups.

g~ owdpPE

Verification 2 The activities for software project tracking and oversight are
reviewed with the project manager on both a periodic and event-
driven basis.

1. Affected groups are represented.
2. Thetechnicd, cog, staffing, and schedule performance is reviewed againg the
software development plan.
3. Useof critica computer resources is reviewed; current estimates and actua use of
these critical computer resources are reported againt the origina estimates.
Dependencies between groups are addressed.
Conflicts and issues not resolvable at lower levels are addressed.
Softare project risks are addressed.
Action items are assigned, reviewed, and tracked to closure.
A summary report from each meeting is prepared and distributed to the accefted

groups.

N O A

Verification 3 The software quality assurance group review and/or audits the
activities and work products for software project tracking and
oversight and reports the results.

Refer to the Software Quality Assurance key process area.
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At aminimum, the reviews and/or atidts verify:

The actiities for reviewing and revisng commitments.

Activitiesfor revising the software development plan.

The content of the revised software development plan.

The activities for tracking the software project's cost, schedule, risks,

technical and design condraints, and funtiondity and performance.

5. Theactivities for conducting the planned technica and management
reviews.

A owbdpE

Softwar e Quality Assurance

The purpose of Software Quality Assurance is to provide management with appropriate
vighility into the process being used by the software project and of the products being built.

Software Qudity Assurance involves reviewing and auditing the software products and
activitiesto verify that they comply with the applicable procedures and standards and
providing the software project and other appropriate managers with the results of these
reviews and audits.

The software quality assurance group works with the software project during its early stages
to establish plans, standards, and procedures that will add vaue to the software project and
satisfy the congraints of the project and the organization’s policies. By participating in
establishing the plans, standards, and procedures, the software quality assurance group helps
ensure they fit the project’ s needs and verifies that they will be usable for performing reviews
and audits throughout the software life cycle. The software quality assurance group reviews
project activities and audits software work products throughout the life cycle and provides
management with vishility asto whether the software project is adhering to its established
plans, standards, and procedures.

Compliance issues are firgt addressed within the software project and resolved there if
possible. For issues not resolvable within the software project, the software quality assurance
group escaates the issue to an gppropriate level of management for resolution.

This key process area covers the practices for the group performing the software quality
assurance function. The practices identifying the specific activities and work products that the
software qudity assurance group reviews and/or audits are generdly contained in the Verifying
Implementation common feature of the other key process aress.
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Goals

Goal 1

Goal 2

Goal 3

Goal 4

Software quality assurance activities are planned.

Adherence of software products and activities to the applicable
standards, procedures, and requirementsis verified objectively.

Affected groups and individuals are informed of software quality
assurance activities and results.

Noncompliance issues that cannot be resolved within the software
project are addressed by senior manager.

Commitment to Perform

Commitment 1 The project follows a written organizational policy for

implementing software quality assurance (SQA).
Thispolicy typicaly specifiesthat:

1. The SQA functionisin place on dl software projects.
2. The SQA group has areporting channd to senior management thet is
independent of:

the project manager,
the project’ s software engineering group, and
the software configuration management.

Organizations must determine the organizational structure that will support
activities that require independence, such as SQA, in the context of their
strategic business goals and business environment.

Independence should:

- provide theindividuals performing the SQA role with the
organizational freedom to be the “eyes and ears” of senior
management on the software project;
protect theindividuals performing the SQA role from performance
appraisal by the management of the software project they are
reviewing; and
provide senior manager with confidence that object information
on the process and products of the software project is being
reported.

The independence in XS meansthat SQA is either CSQA if the
organization is developing solutions to specific customers and the
customer has SQA function in the organization. Otherwise, the service
of SQA ishired from externa sources.
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3. Senior manager periodicaly reviews the SQA activities and results.

Ability to Perform

Ability 1 A group that is responsible for coordinating and implementing SQA for
the project (i.e., the SQA group) exists, and is CSQA or external hired
service.

A group isthe collection of departments, managers, and individuals who have
responsibility for a set of tasks or activities. A group could vary from asingle individual
assigned part time, to several part-time individuals assigned from different departments,
to several individuals dedicated full time. Considerations when implementing a group
include assigned tasks or activities, the size of the project, the organizational structure,
and the organizational culture. Some groups, such as the software quality assurance
group, are focused on project activities, and others, such as the software engineering
process group, are focused on organization-wide activities.

Ability 2 Adequate resources and funding are provided for performing the SQA
activities.

1. A manager isassgned specific responghilities for the project’s SQA
activities.

2. A senior manager, who is knowledgegble in the SQA role and has the
authority to take appropriate oversight actions, is designated to receive
and act on software noncompliance items.

3. Toolsto support the SQA activities are made available.

Examples of support toolsinclude:
- workstations,
database programs,
spreadsheet programs, and
auditing tools.

Ability 3 The members of the software project receive orientation on the role,
responsibilities, authority, and value of the SQA group.

Activities Performed

Activity 1 A QA planis prepared for the software project according to a
documented procedure.



Activity 2
plan.

This procedure typicdly specifies that:

1.

The SQA planis developed in the early stages of, and in pardld with, the
overdl project planning.
The SQA planisreviewed by the affected groups and individuas.

Examples of affected groups and individualsinclude:
- the software manager;
the project manager;
customer SQA representative (if applicable);
the senior manager, and
the software engineering group.

The SQA plan is managed and controlled.

“Managed and controlled” implies that the verson of the work productsin
use a agiven time (past or present) is known (i.e., verson control) and
changes are incorporated in a controlled manner (i.e., change control).

If agreater degree of control than isimplied by “managed and controlled”
is dedred, the work product can be placed under the full discipline of
configuration management, as is described in the Software Configuration
Management key process area.

The SQA group’ s activities are performed in accordance with the SQA

The plan covers.

Responshilities and authority of the SQA group.

Resource requirements for the SQA group (including staff, tools, and
fadilities).

Schedule and funding of the project’s SQA group activities.

The SQA group’s participation in establishing the software development
plan, standards, and procedures for the project.

Evduations to be performed by the SQA group.

Examples of products and activitiesto be evaluated include:
- operational software and support software,
deliverable and nondeliverable products,
software and nonsoftware products (e.g., documents),
product development and product verification activities (e.g., executing
test cases), and
the activities followed in creating the product.

Audits and reviews to be conducted by the SQA group.



Activity 3

Activity 4

Activity 5

7.

8.

9.

Project standards and procedures to be used as the basis for the SQA
group’ s reviews and audits.

Procedures for documenting and tracking noncompliance issues to
closure.

These procedures may be included as part of the plan or may beincluded via
reference to other documents where they are contained.

Documentation that the SQA group is required to produce.

10. Method and frequency of providing feedback to the software engineering

group and other software-related groups on SQA activities.

The SQA group participates in the preparation and review of the
project’ s software development plan, standards, and procedures.

1.

The SQA group provides consultation and review of the plans, standards,
and procedures with regard to:

compliance to organizationd policy,

compliance to externdly imposed standards and requirements (e.g.,
standards required by the statement of work),

standards that are appropriate for use by the project,

topics that should be addressed in the software devel opment plan, and
other areas as assigned by the project.

The SQA group verifiesthat plans, sandards, and procedures are in place
and can be used to review and audit the software project.

The QA group reviews the software engineering activities to verify
compliance.

1.

2.
3.

The activities are evauated againg the software devel opment plan and the
designated software standards and procedures.

Refer to the Verifying Implementation common feature in the other key process
areas for practices covering the specific reviews and audits performed by the SQA

group.

Deviations are identified, documented, and tracked to closure.
Corrections are verified.

The QA group audits designated software work products to verify
compliance.

1.

The ddliverable software products are eval uated before they are ddlivered



Activity 6

Activity 7

Activity 8

3.
4,

to the customer.

The software work products are evaluated againg the designated software
standards, procedures, and contractua requirements.

Deviations are identified, documented, and tracked to closure.

Corrections are verified.

The SQA group periodically reports the results of its activitiesto the
softwar e engineering group.

Deviations identified in the software activities and software work
products are documented and handled according to a documented
procedure.

This procedure typicaly specifies that:

1.

3.

4.

Deviations from the software development plan and the designated project
standards and procedures are documented and resolved with the
appropriate software task leaders, software managers, or project
manager, where possible,

Deviations from the software development plan and the designated project
standards and procedures not resolvable with the software task leaders,
software managers, or project manager are documented and presented to
the senior manager designated to receive noncompliance items.
Noncompliance items presented to the senior manager are periodicaly
reviewed until they are resolved.

The documentation of noncompliance items is managed and controlled.

The SQA group conducts periodic reviews of its activities and findings
with the customer’s SQA personnel, as appropriate.

Measurement and Analysis

Measurement 1

Measurements are made and used to deter mine the cost and
schedule status of the SQA activities.

Examples of measurements include:

completions of milestones for the SQA activities compared to the plan;
work completed, effort expended, and funds expended in the SQA
activities compared to the plan; and

numbers of product audits and activity reviews compared to the plan.

Verifying | mplementation
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Verification 1 The SQA activities are reviewed with senior manager on a
periodic basis.

The primary purpose of periodic reviews by senior management is to provide
awareness of and ingght into software process activities at an appropriate
levd of abdraction and in atimely manner. The time between reviews should
meet the needs of the organization and may be lengthy, as long as adequate
mechanisms for exception reporting are available.

Refer to Verification 1 of the Software Project Tracking and Oversight key process area
for practices covering the typical content of senior management oversight reviews.

Verification 2 The SQA activities are reviewed with the project manager on
both a periodic and event-driven basis.

Refer to Verification 2 of the Software Project Tracking and Oversight key process area
for practices covering the typical content of project management oversight reviews.

Softwar e Configuration M anagement

The purpose of Software Configuration Management is to establish and maintain the integrity
of the products of the software project throughout the project’ s software life cycle.

Software Configuration Management involves identifying the configuration of the software (i.e.,
selected software work products and their descriptions) at give pointsin time, sysematicaly
controlling changes to the configuration, and maintaining the integrity and traceability of the
configuration throughout the software life cycle. The work products placed under software
configuration management include the software products thet are delivered to the customer
(e.g., the software requirements document and the code) and the items that are identified with
or required to creste these software products (e.g., the compiler).

A software basdine library is established containing the software baselines asthey are
developed. Changes to baselines and the release of software products built from the software
basdine library are systematicaly controlled viathe change control and configuration auditing
functions of software configuration management.

This key process area covers the practices for performing the software configuration
management function. The practices identifying specific configuration items/units are contained
in the key process area that describe the devel opment and maintenance of each configuration
item/unit.



Goals

Goal 1 Softwar e configuration management activities are planned.

Goal 2 Selected software work products are identified, controlled, and available.
Goal 3 Changes to identified software work products are controlled.

Goal 4 Affected groups and individuals are informed of the status and content of

softwar e basalines.

Commitment to Perform

Commitment 1 The project follows a written organizational policy for
implementing software configuration management (SCM).

This palicy typicaly specifiesthat:

1. Responghility for SCM for each project is explicitly assgned

2. SCM isimplemented throughout the project’ s life cycle.

3. SCM isimplemented for externdly deliverable software products,
designated interna software work products, and designated support tools
used ingde the project (e.g., compilers).

4. The project establish or have access to arepostory for storing
configuration items/units and the associated SCM records.

The contents of thisrepository are referred to asthe “ software baseline library” in
these practices.

Thetools and procedures for accessing this repository arereferred to asthe
“configuration management library system” in these practices.

Work products that are placed under configuration management and treated as a
single entity arereferred to as configuration items.

Configuration items are typically decomposed into configuration components, and
configuration components are typically decomposed into units. Ina
hardware/software system, al of the software may be considered asasingle
configuration item, or the software may be decomposed into multiple configuration
items. In these practices the term “configuration items/units” is used to refer to the
elements under configuration management.

5. The software basdlines and SCM activities are audited on aperiodic



basis.

Ability to Perform

Ability 1

Ability 2

A board having the authority for managing the project’ s software
baselines (SCM) exists or is established.

The SCM:

1. Authorizesthe establishment of software basdlines and the identification of
configuration items/units.

2. Representsthe interests of the project manager and al groups who may
be affected by changes to the software basdlines.

Examples of affected groupsinclude:
- software engineering,
system group,
system test group,
software quality assurance,
software configuration management, and
marketing and sales.

w

Reviews and authorizes changes to the software basdlines.
Authorizes the creation of products from the software basdine library.

>

A group that is responsible for coordinating and implementing SCM for
the project (i.e., the SCM group) exists.

A group isthe collection of departments, managers, and individuals who have
responsibility for a set of tasks or activities. A group could vary from asingle individual
assigned part time, to several part-time individuals assigned from different departments,
to several individuals dedicated full time. Considerations when implementing a group
include assigned tasks or activities, the size of the project, the organizational structure,
and the organizational culture. Some groups, such as the software quality assurance
group, are focused on project activities, and others, such as the software engineering
process group, are focused on organization-wide activities.

The SCM group coordinates or implements:

1. Creation and management of the project’ s software basdine library.

2. Development, maintenance, and distribution of the SCM plans, sandards,
and procedures.

3. Theidentification of the set of work products to be placed under SCM.

A work product is any artifact from defining, maintaining, or using a



Ability 3

Ability 4

Ability 5

software process.

Management of the access to the software basdline library.
Updates of the software basdlines.

Cregtion of products from the software basdline library.
Recording of SCM actions.

Production and digtribution of SCM reports.

© N UM

Adequate resources and funding are provided for performing the SCM
activities.

1. A manager is assgned specific respongbilities for SCM.
2. Tooalsto support the SCM activities are made available.

Examples of support toolsinclude:
workstations,
database programs, and
configuration management tools.

Members of the SCM group are trained in the objectives, procedures,
and methods for performing their SCM activities.

Examples of training include:
SCM standards, procedures, and methods; and
SCM tools.

Member s of the software engineering group and other software-related
groups are trained to performtheir SCM activities.

Examples of other software-related groups include:
software quality assurance, and
documentation support.

Examples of training include:
the standards, procedures, and methods to be followed for SCM activities
performed inside the software engineering group and other software-
related groups; and
therole, responsibilities, and authority of the SCM group.

Activities Performed

Activity 1

A SCM plan is prepared for each software project according to a
documented procedure.

This procedure typicdly specifies that:
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Activity 2

Activity 3

1.

N

The SCM plan is developed in the early stages of, and in parale with, the
overd| project planning.

The SCM plan isreviewed by the affected groups.

The SCM plan is managed and controlled.

“Managed and controlled” implies that the version of the work productsin use at a
given time (past or present) isknow (i.e., version control) and changes are
incorporated in a controlled manner (i.e., change control).

If agreater degree of control that isimplied by “managed and controlled” is desired,
the work product can be placed under the full discipline of configuration
management, asis described in thiskey process area.

A documented and approved SCM plan in used as the basis for
performing the SCM activities.

The plan covers.

1.

The SCM activities to be performed, the schedule of activities, the
assigned respongibilities, and the resources required (including staff, tools,
and computer facilities).

The SCM requirements and activities to be performed by the software
engineering group and other software-related groups.

A configuration management library systemis established as a repository
for the software baselines.

Thislibrary sysem:

1.

N

o &

Supports multiple control levels of SCM.

Examples of situations |eading to multiple levels of control include:
- differencesin the levels of control needed at different timesin thelife cycle
(e.g., tighter control as product matures).
differencesin the levels of control needed for software-only systemsvs.
systems which include both hardware and software.

Provides for the storage and retrieva of configuration items/units.

Provides for the sharing and transfer of configuration items/units between
the affected groups and between control levelswithin the library.

Hepsin the use of product standards for configuration items/units.
Provides for the storage and recovery of archive versions of configuration
items/units

Helps to ensure correct creetion of products from the software baseline
library.

Provides for the storage, update, and retrieval of SCM records.
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8. Supports production of SCM reports.
9. Providesfor the maintenance of the library structure and contents.

Examples of library maintenance functionsinclude;
backup/restoring of library files, and
recovery from library errors.

Activity 4 The software work products to be placed under configuration
management are identified.

1. The configuration items/units are sdected based on documented criteria

Examples of software work products that may be identified as configuration
items/unitsinclude:
- process-related documentation (e.g., plans, standards, or procedures),
software requirements,
software design,
software code units,
software test procedures,
software system build for the software test activity,
software system build for delivery to the customer or end users,
compilers, and
other support tools.

N

The configuration itemg/units are assgned unique identifiers.

The characterigtics of each configuration item/unit are Specified.

4. The software basdines to which each configuration item/unit belongs are
Specified.

5. The point in its development that each configuration item/unit is placed
under configuration management is specified.

6. The person responsble for each configuration item/unit (i.e., the owner,

from a configuration management point of view) is identified.

w

Activity 5 Change requests and problem reports for al configuration items/units are
initiated, recorded, reviewed, approved, and tracked according to a
documented procedure.

Activity 6  Changes to baselines are controlled according to a documented
procedure.

This procedure typicdly specifies that:

1. Reviewsand/or regresson tests are performed to ensure that changes
have not caused unintended effects on the basdline.

2. Only configuration items/units that are gpproved by the SCM are entered
into the software basdine library.

3. Configuraion items/units are checked in and out in a manner that maintains



Activity 7

Activity 8

Activity 9

Activity 10

the correctness and integrity of the software basdine library.

Exampl es of check-in/out steps include:
verifying that the revisions are authorized,
creating achange log,
maintaining a copy of the changes,
updating the software baseline library, and
archiving the replaced software baseline.

Products from the software baseline library are created and their release
is controlled according to a documented procedure.

This procedure typicdly specifies that:

1. The SCM authorizesthe creation of products from the software basdline
library.

2. Products from the software basdline library, for both internd and externd
use, are built only from configuration items/units in the software basdine

library.

The status of configuration items/unitsis recording according to a
documented procedure.

This procedure typicaly specifies that:

1. The configuration management actions are recorded in sufficient detall so
that the content and status of each configuration item/unit are known and
previous versions can be recovered.

2. The current status and history (i.e., changes and other actions) of each
configuration item/unit are maintained.

Sandard reports documenting the SCM activities and the contents of the
softwar e baseline are devel oped and made available to affected groups
and individuals.

Exampl es of reportsinclude;
SCM meeting minutes,
change request summary and status,
trouble report summary and status (including fixes),
summary of changes made to the software baselines,
revision history of configuration items/units,
software baseline status, and
results of software baseline audits.

Softwar e baseline audits are conducted according to a documented
procedure.



This procedure typicdly specifies that:

1. Thereisadequate preparation for the audit.

The integrity of software basdines is assessed.

3. Thedructure and facilities of the configuration management library system
are reviewed.

4. The completeness and correctness of the software basdline library
contents are verified.

5. Compliance with applicable SCM standards and proceduresis verified.

The results of the audit are reported to the project software manager.

7. Action items from the audit are tracked to closure.

N
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Measurement and Analysis

Measurement 1 Measurements are made and used to determine the status of the
SCM activities.

Examples of measurements include:
- number of change requests processed per unit time;
completions of milestones for the SCM activities compared to the plan; and
work completed, effort expended, and funds expended in the SCM
activities.

Verifying | mplementation

Verification 1 The SCM activities are reviewed with senior manager on a
periodic basis.

The primary purpose of periodic reviews by senior management is to provide awareness
of and insight into software process activities at an appropriate level of abstraction and
in atimely manner. The time between reviews should meet the needs of the organization
and may be lengthy, aslong as adequate mechanisms for exception reporting are
available.

Refer to Verification 1 of the Software Project Tracking and Oversight key process area
for practices covering the typical content of senior management oversight reviews.

Verification 2 The SCM activities are reviewed with the project manager on
both a periodic and event-driven basis.

Refer to Verification 2 of the software Project Tracking and Oversight key process area
for practices covering the typical content of project management oversight reviews.



Verification 3 The SCM group periodically audits software baseline to verify
that they conform to the documentation that defines them.

Verification 4 The software quality assurance group reviews and/or audits the
activities and work products for SCM and reports the results.

Refer to the Software Quality Assurance key process area.
At aminimum, the reviews and/or audits verify:
1. Compliance with the SCM standards and procedures by:

the SCM group,
the software engineering group, and
other software-related groups.

2. Occurrence of periodic software basdine audits.

6 Concluding Remarks
We have presented aCMM Levd 2 for XS organizations.

The presentation of CMM for eXtra Small organizations follows the format of the software
CMM, being easy to find specifics about, but having the shortcoming of difficultiesin getting
oversight. For that reason, other formats should be provided, e.g. role by role descriptions of
the respongbilities and less formalised tasks, e.g. participation in groups for negotiations and
the like. The flowgraph technique might aso be useful, providing a picture of information
flowing between the roles. One graph would get too complex, making the oversight to be logt.
One graph for each KPA could be areasonable choice. It isimportant to mode the dynamics
in the KPAs. Although the dynamicsisimplicit in the text format, it is difficult to get an
overview picture of what is hgppening when gpplying CMM to software development.

6.1 Future Work

Other formats of presentation of the model are needed, e.g. the diagram of the activitiesin the
KPAs. Further, the modd as presented in this paper, does not include the growing needs of
the organisation. To extend the modd to include advice on the way when growing is the task
of future work.
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Appendix A Abbreviations

ABB
CMM
GQM
KPA
MS
PM
RM
ROI
SCCB
SCM
SCMG
SE

SM

Asea Brown Boveri

Capability Maturity Model
Goal-Question-Metric

Key Process Area

Marketing and Sdes

Project Manager

Requirements Management

Return On Investment

Software Configuration Control Board
Software Configuration Management
Software Configuration Management Group
Software Engineer

Senior Manegement
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SME
SPP
SPTO
SPICE
SWM
SQA
SSM
STG
SG

XXS
XS

Small and Medium szed Enterprise
Software project Planning

Software project Tracking and Oversight
Software Process Improvement and Capability dEtermination
Software Manager

Software Quality Assurance

Software Subcontract Management
Software Test Group

System engineering Group

Smadl enterprise

eXtraeXtra Smal enterprise

eXtraSmall enterprise



