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ISO (the International Organization for Standardization) and

ISO/IEC TR 24748-3:2011(E)

reword

IEC (the International Elect

rotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
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nnical committees collaborate in fields of mutual interest. Other international organizations, go|

nnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

non-governmental, in liaison with ISO and IEC, also take part in the work. In the field~of

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, P3

dards adopted by the joint technical committee are circulated to national bodies for voting. Pu
nternational Standard requires approval by at least 75 % of the national bodies casting a vote.

which is normally published as an International Standard (“state.af‘the art”, for example), it ma
lish a Technical Report. A Technical Report is entirely informative in nature and shall be subje
ry five years in the same manner as an International Standard.

ts. ISO and IEC shall not be held responsible for identifying any or all such patent rights.
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blication as
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ct of patent

ISQ/IEC TR 24748-3 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 7, Software and systems engineering.

Thip first edition of ISO/IEC TR 24748-3.;cancels and replaces ISO/IEC TR 15271:1998, whichl has been
technically revised.

ISQ/IEC TR 24748 consists of the following parts, under the general title Systems and software
engineering — Life cycle management:

— | Part 1: Guide for life cycle management

— | Part 2: Guide to-the application of ISO/IEC 15288 (System life cycle processes)

— | Part 3: Guide'to the application of ISO/IEC 12207 (Software life cycle processes)
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Introduction

ISO (the
Commissio

ISO/IE

International Organization for Standardization) and IEC (the International Electrotechn
n) currently have two International Standards that focus on life cycle processes:

C 15288:2008, Systems and software engineering — System life cycle processes, and
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C 12207:2008, Systems and software engineering — Software life cycle processes.

ISO and IEC have a multi-part International Standard that promotes the adoption of @n-integrza
bproach when establishing, implementing, operating, monitoring, reviewing, ,maintaining
a Service Management System (SMS), to deliver services which meet business needs
bquirements:

C 20000, Information technology — Service management.

e management standard may be used in conjunction with ISO/IEC(15288 and ISO/IEC 12207
of system services and software services.

se of this part of ISO/IEC TR 24748 is to provide guidancé_on the application of the software
sses standard, ISO/IEC 12207:2008. Taken together, the‘parts of ISO/IEC TR 24748 are inten
the joint usage of the process content of the two high:level life cycle process standards, whic
b used together with related standards such as the{on€ for service management, and various of
process standards. In this way, ISO/IEC TR 24748 provides unified and consolidated guidancg
le management of systems and software. Its purpose is to help ensure consistency in sys

and use in various domains as the two standards (and others) are used in combination. It shq
bct design a life cycle model for managing progress on a project.

BO/IEC TR 24748-1 addresses in~generic terms the purpose stated above of guidance for the

f those aspects most relevantito software. This part of ISO/IEC TR 24748 will also, in conjunc
EC TR 24748-1, aid in identifying and planning the use of the life cycle processes described
207:2008. The proper use of these processes will contribute to a project being comple
y, meeting its objectives and requirements for each stage and for the overall project.

of ISO/IEC {R-24748 elaborates on factors that should be considered when apply
207:2008 and*does this in the context of the various ways in which ISO/IEC 12207:2008 can
e guidanceé.is not intended to provide the rationale for the requirements of ISO/IEC 12207:2(
Jing this.part of ISO/IEC TR 24748, readers have to understand the relation between system
ne concept of "system of interest", and the structure of a system. These concepts are describe
R24748-1.
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Systems and software engineering — Life cycle management —

Part 3:
Guide to the application of ISO/IEC 12207 (Software life cycle

processes)

1 | Scope

Thip part of ISO/IEC TR 24748 is a guide for the application of ISO/IEC 12207:2008. It addresses system, life
cyde, process, organizational, project, and adaptation concepts, principally through reference to
ISQ/IEC TR 24748-1 and ISO/IEC 12207:2008. It gives guidance on applying ISO/IEC 12207:2008 from the
aspects of strategy, planning, application in organizations, and application on projects.

This part of ISO/IEC TR 24748 is intentionally aligned~-with both ISO/IEC TR 24748-1 and
ISQ/IEC TR 24748-2 (Guide to the application of ISO/IEC 15288)\n its terminology, structure and cpntent.

2 | Terms and definitions

Fon the purposes of this document, the_ terms and definitions given in [ISO/IEC 1p207:2008,
ISQ/IEC 15288:2008 and ISO/IEC TR 24748-1:2010, apply.

3 | Overview of ISO/IEC 12207:2008

3.1 General

ISQ/IEC 12207:2008, Systems and software engineering — Software life cycle processes, esllsblishes a
cormmon framework forsoftware life cycle processes, with well-defined terminology, that can be referenced by
the| software industry:-It applies to the acquisition of systems and software products and services, to the
supply, implementation, operation, maintenance, and disposal of software products and the software portion
of 3 system, whether performed internally or externally to an organization. Those aspects of system definition
negded to provide the context for software products and services are included. Software includes the software
portion offirmware.

ISONEC 12207:2008 may be used stand alone or jointly with other International Standardg, such as
ISO/TET 15288:2008, and supplies a process reference model that SUppOrts process capability assessment in

accordance with ISO/IEC 15504-2, Information technology — Process assessment — Part 2: Performing an
assessment.

The purpose of ISO/IEC 12207:2008 is to provide a defined set of processes to facilitate communication
among acquirers, suppliers and other stakeholders in the life cycle of a software product. ISO/IEC 12207:2008
is written for acquirers of systems and software products and services and for suppliers, implementers,
operators, maintainers, managers, quality assurance managers, and users of software products.

© ISO/IEC 2011 — All rights reserved
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3.2 Structure of ISO/IEC 12207:2008

ISO/IEC 12207:2008 contains requirements in four clauses.

Clause 6, which defines the requirements for the system life cycle processes,
Clause 7, which defines the requirements for specific software life cycle processes,

Clauses of Annex A, which provides requirements for tailoring of ISO/IEC 12207:2008, and

— Clausgs—ofAmmexB,—which—provides—a—FProcessReference—viodet (PRM) which may be—usedh for
assesgment purposes.

Five infofmative annexes support the use of ISO/IEC 12207:2008 or its harmonization With

ISO/IEC 14288:2008:

— Annex|C expands on the history and rationale for the changes to achieve harmonization, and provifles
high-lgvel traceability among the International Standards which were used as the inputs to the revisiop of
ISO/IHC 12207:2008.

— Annex|D describes the alignment of the processes of ISO/IEC 15288:2008 and ISO/IEC 12207:2008.

— Annex|E provides an example of a process view for Usability, intended to illustrate how a project m|ght
assemble processes, activities and tasks of ISO/IEC 12207:2008.\t0 provide focused attention to [the
achievement of product characteristics that have been selected as,being of special interest.

— Annex|F contains some example process descriptions relating to business goals and contracting that may
be considered useful to some readers of ISO/IEC 1220%:2008.

— Annex|G provides support for IEEE users and describes relationships of ISO/IEC 12207:2008 to IBEE
standgrds.

Readers of ISO/IEC 12207:2008 are advised i@ consult clause 5 of that International Standard to dain

understanding of the key concepts used.

3.3 Context of ISO/IEC 12207:2008

ISO/IEC 12207:2008 has a focus.on the processes that are used by or for software-centred projects that exist

in a defingdd relationship with-the organization, other projects and enabling systems. A project is assighed

responsibilfty that encompasses one or more life cycle stages of the software system-of-interpst.

ISO/IEC 12207:2008 is applicable to organizations and projects whether they act as the acquirer or |the

supplier of ja software-system and whether the system is comprised of products, services, or a combination of

both.

The conte>1t of ISO/IEC 12207:2008 is illustrated in Figure 1.

© ISO/IEC 2011 — All rights rese
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Figure 1 — Context of ISO/IEC 12207:2008

ingle project may involve multiple organizations.working together as partners. Such a project
/IEC 12207:2008 to establish common terminology, as well as information flows and interfaces
pnizations to enhance communication.

system-of-interest. The system-of-interest has a life cycle that consists of multiple stages thr
system passes during its lifetimeydenoted sq, s, ..., Sp.

AMPLE An example oftypical stages is:

S4: concept,

s2: development,

s3: operation, and

S4. maintenance.

'E 1 Stages are described in clause 5.1.12 of ISO/IEC 12207:2008 and in clauses 3.2, 4
IEC TR 24748-1.

ts

should use
among the

en an organization applies ISO/IEC 12207:2008 to a particular software system, then that system becomes

bugh which

and 5 of

A number of enabling systems are deployed throughout the software life cycle to provide the system-of-
interest with support as needed. Each life cycle stage can require one or more enabling systems. Enabling
systems that cooperate with the software during its operation and maintenance stages can be needed, as well.
It is important to note that an enabling system has its own life cycle and that when ISO/IEC 12207:2008 (or
ISO/IEC 15288:2008, if applicable) is applied to it, it then becomes a system-of-interest.

NOTE 2  The role and use of enabling systems are described in clause 4.6.3 of this Technical Report.

NOTE 3  For related material on enabling systems, see also clause 5.1.4 of ISO/IEC 15288:2008 and cla

ISO

/IEC TR 24748-1.

© ISO/IEC 2011 — All rights reserved
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ISO/IEC 12207:2008 is applicable at any level of the structure associated with a software system. As the
software is decomposed recursively into its elements, the processes of ISO/IEC 12207:2008 may be used for
each element in the software structure. Each system element has a life cycle of its own and its own set of

enabling systems.

NOTE 4 For related material on system structure, see clause 5.1.3 of ISO/IEC 15288:2008 and clause 3.1.4 of
ISO/IEC TR 24748-1.
NOTE 5 A view from a project hierarchy perspective is given in clause 4.6.4 of this Technical Report.

In order to perform needed operations and transformations upon software systems during their life cycles, the

organization creates and monitors projects. Projects have defined scope, resources (including time) and,focus.
The scope|can involve managing all of the stages of the life cycle, a subset of the stages, one or more defined
processes pr one or more process activities. The time scale can be of varying duration, for example ‘ene hour
or tens of years. The focus of the project is related to the software and its elements in some form.6f sysfem
structure of stage partitioning.

NOTE 6 Related project concepts are described in clause 4.6 of this Technical Report.

NOTE 7 System life cycle concepts are described in clause 3.2 of ISO/IEC TR 24748-1.

Organizations focus on software that is created in projects within the organization‘or in conjunction with other
organizations. Projects have a span of interest that includes the software_and’its related enabling systems.
Some enabling systems are under direct control of the project. The software and those enabling systems
make up tHe project span of control.

NOTE 8 The span of interest is described in clause 4.6.3 of this Technical Report.

The work performed in projects is on or with the software within one or more life cycle stages. The scop¢ of
ISO/IEC 14207:2008 includes the definition of an appropriate‘life cycle for software, the selection of processes
to be appligd throughout the life cycle and the application of these processes to fulfil agreements and achipve
customer satisfaction.

ISO/IEC 12207:2008 can be applied to all types @f software product-focused or service-focused systems and
system elements consisting of software.

The use of|ISO/IEC 12207:2008 may be-adapted to accommodate the varying project requirements in treating
software life cycles.

NOTE 9 This may be performed by adapting the life cycle as described in clauses 6 and 7 of ISO/IEC TR 24748-1 fand
tailoring desgribed in Annex A of ISO/IEC 12207:2008.

3.4 Comparison tosprevious versions of ISO/IEC 12207

ISO/IEC 13207 was—published on 1 August 1995 and was the first International Standard to provide a
compreherisive(set of life cycle processes, activities and tasks for software that is part of a larger system, and
for standalpne’software products and services. That International Standard was followed in November 2002
by ISO/IECH45288-which-addressed-systerife-eyele-precesses—he-ubiquity-of-the-software-meant-that the

software and its design processes should not be considered separately from those systems, but be
considered as an integral part of the system and system design processes. The ISO/IEC 12207 Amendments
in 2002 and 2004 added process purpose and outcomes to the International Standard and established a
Process Reference Model in accordance with the requirements of ISO/IEC 15504-2.

ISO/IEC 12207:2008 integrates ISO/IEC 12207:1995 with its two Amendments and provides better process
definition to support consistency and improved usability.

NOTE 1 Clause 9.1 of ISO/IEC TR 24748-1 gives extensive detailed comparison between the versions of
ISO/IEC 12207, as well as comparisons between ISO/IEC 15288:2008 and ISO/IEC 12207:2008.

NOTE 2  Figure 18 in ISO/IEC TR 24748-1 shows the process structure changes of the 2008 update.

© ISO/IEC 2011 — All rights reserved
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NOTE 3  Figure 20 in ISO/IEC TR 24748-1 provides information regarding the source of the provisions in the aligned
process clause set of ISO/IEC 12207:2008.

NOTE 4  Figure 21in ISO/IEC TR 24748-1 provides a mapping between ISO/IEC 12207:1995 and ISO/IEC 12207:2008
process clause sets.

NOTE5  Figure 22 in ISO/IEC TR 24748-1 gives the inverse mapping between ISO/IEC 12207:2008 and
ISO/IEC 12207:1995.

4 Application Concepts

4.1 Overview

This Technical Report provides guidelines for life cycle management in the field of software sygtems. This
clapse highlights and explains essential concepts on which this Technical Report is based, and intrpduces key
corjcepts useful in reading and applying ISO/IEC 12207:2008.

NOTE ISO/IEC TR 24748-1 provides more information on concepts related to life’cycle management in general.
4.2 Software concepts

4.21 System and software concepts

The application of ISO/IEC 12207:2008 presupposes an understanding of system concepts. A dystem is a
combination of interacting elements organized to achieve dne or more stated purposes. For the purposes of
thi Technical Report, systems are considered man-made and utilized to provide services |in defined
enyironments for the benefit of users and other stakeholders. These systems may be configured with one or
mofe of the following: hardware, software, services, humans, processes (e.g. review process), procedures
(e.g. operator instructions), facilities and naturally occurring entities (e.g. water, organisms, njinerals). A
system may be considered as a product or as.the services it provides. A system element is a memper of a set
of plements that constitutes a system. .A\system element is a discrete part of a system that can be
imglemented to fulfil specified requirements.

NOTE 1 System concepts are introduced in ISO/IEC 15288:2008, clause 5.1. Additional discussion, such| as systems
and system structure, is provided inASO/IEC TR 24748-1, clause 3.1.

NOTE 2  ISO/IEC TR 24748-2-provides more information on concepts related to system life cycle management.

Software is the subsystems or elements of a system consisting of computer programs, related grocedures,
asdociated documentation, and data pertaining to the operation of the subsystem or element.

Sygtem concepts'are directly applicable to software. The underlying philosophy of ISO/IEC 12207:2008 is that
aspects such/as software implementation and maintenance should be conducted in a manner that exhibits
engineering discipline. Following this approach allows the establishment of a framework thaf has clear
linkagesto the systems engineering environment, i.e. one that includes software, hardware, people and
budiness practices

Characteristic properties at a system’s boundary arise from the interactions between subordinate systems.
Whatever the boundaries chosen to define the software system, the concepts and models in this Technical
Report are generic and permit a practitioner to correlate or adapt individual instances of life cycles to its
software concepts and principles.

NOTE 3 The relationship between systems and software is introduced in ISO/IEC 12207:2008, clause 5.1.2.

© ISO/IEC 2011 — All rights reserved 5
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Figure 2 illustrates a system as a specific combination of hardware, computers, software, people, and facilities.
In the parent system, processes such as business processes exist. Software serves by providing for the
execution of certain functions of these processes in computers. The software could be resident in a computer,
embedded in a piece of firmware, or integral to a hardware item. In any case, the acquisition, supply,
implementation, operation, or maintenance of the software needs to be in coordination and harmony with
those of the parent system.

Business processes in the system

Computer based processes

L
Hardware

Manual Operations

Facilities

Computer

System System

Figure 2 — Software.in‘the system

Within an ¢rganization, there may be a number of.computer systems supporting the business processes| as
shown in Fjgure 3.

6 © ISO/IEC 2011 — All rights reserved
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Figure 3 — Computer systems in an organization

4.3 Life cycle concepts

Application of ISO/IEC-12207:2008 presupposes an understanding of life cycle concepts.

NOTE Life~cycle concepts are introduced in ISO/IEC 15288:2008, clause 5.2. Additional discyssion is in
ISQ/IEC TR 24748-1 clause 3.2.

4.4 Process concepts

4.41 General

4411 Introduction

The application of ISO/IEC 12207:2008 presupposes an understanding of process concepts.

NOTE 1 Process concepts are introduced in ISO/IEC 15288:2008, clause 5.3. Additional discussion is in
ISO/IEC TR 24748-1, clause 3.3.

The focus of ISO/IEC 12207:2008 is on the processes that are applied within a life cycle. The processes can

be used by organizations (for example functional organizations and projects) that play the role of acquirer,
supplier (for example main contractor, subcontractor, or service provider) or management to fulfil
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responsibilities pertaining to the software system. Additionally, the processes in ISO/IEC 12207:2008 can be
used as a reference model for process assessments under ISO/IEC 15504, Information technology —
Process assessment.

A process is an integrated set of activities that transform inputs (for example a set of data such as
requirements) into desired outputs (for example a set of data describing a desired solution). An activity is a set
of cohesive tasks. A task is a requirement, recommendation, or permissible action, intended to contribute to
the achievement of one or more outcomes of a process.

A task is expressed in the form of a requirement, self-declaration, recommendation, or permissible action. For

this purpo

e. Note 3 of Clause 2.3 in ISO/IEC 15288:2008 carefully employs certain auxiliary verbs

to

differentiats

“Shall’

“Shoul

“May”

Within a lif
of a syste
organizatig

NOTE 2
5.1.10, and

NOTE 3
processes ig

NOTE 4
definition, pn

Figure 4 ill
either conV
and output

e between the forms of tasks:

is used to express a requirement of the International Standard;

d” to express a recommendation;

fo indicate permission.

b cycle stage, processes are performed as required to achieve stated objectives. The progress
m through its life is the result of actions managed and performed by people in one or m

ns using the processes selected for a life cycle stage.

Process concepts are introduced in ISO/IEC 15288:2008, clause 5.3;1SO/IEC 12207:2008, clauses 5.1.9
SO/IEC TR 24748-1, clause 3.3.

Criteria for processes are discussed in ISO/IEC 12207:2008, clause 5.1.8, and the decomposition
discussed in clause 5.1.11. ISO/IEC 15288:2008 does not contain corresponding material.

SO/IEC TR 24774, Systems and software engine€ring — Life cycle management — Guidelines for prog
pvides guidelines for the description of processes

Listrates example inputs and outputs ofa process for engineering a system. The inputs can
erted to desired outputs or can enable’or control the conversion. Each set of these process ing
5 needs to be defined and managed.

CONTROLS
Directives
Constraints

1

OUTPUTS
INPUTS
Processed data
Data Process
. Products and
Material .
services

ion
ore

and

of

ess

be
uts

]

ENABLING MECHANISMS
Resources (infrastructure and workforce)
Tools
Technologies

Figure 4 — Example process inputs and outputs
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441.2 Inputs

Inputs can come from outside an organization or project, or from other processes that precede or accompany

the process being examined. Examples of inputs to a process include:

a) Information, such as requirements, interface or architecture definitions.

b) Data, such as measurements and test reports.

c) Material that either ends up in the output or is consumed in producing the output.

d) | Services that are part of a chain of services, such as setting up a computer prior to, or coin
establishing an account.

4.4]1.3 Outputs

Outputs can go to other processes or back to the same process (recursive processing) inside the o

pro
eXdg
wa

ect (or both), or they can go outside the project or organization, or both. Examples of outputs p
mples given for inputs in 4.4.1.1. However, the outputs are often (but not neeessarily) transform
by the process being examined.

1.4 Controls

cesses can be controlled by organizational or organization,management directives and constra
ernmental regulations and laws. Examples of such controlsyon a process include:

The project agreement.

cident with

rganization,
arallels the
ed in some

ints and by

The interfaces with processes used on other systems for which the project is responsible (see

clause 4.6.2 of this Technical Report).
The applicable system life cycle stage or stages.

Internal standard practices of -the organization, or the part of the organization that H
responsibility.

1.5 Enabling Mechanisms

h process can hayetaset of process enabling mechanisms such as listed below.
The workforce that performs the tasks related to the process.

Other resources required by the process such as facilities, equipment and funds.

Toals (for example software and hardware, automated, manual) required for performing t
adctivities.

as project

ne process

4.4,

4.4.

Technologies required by persons performing the activities including methods, proce
techniques.

2 Process principles

2.1 Introduction

dures and

ISO/IEC 12207:2008 establishes a top-level architecture of the life cycle of software from conception through
retirement. The architecture is constructed with a set of processes and interrelationships among these
processes. The processes are based on two primary principles:
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44.2.2

Modularity; and
responsibility.

Modularity

The processes are modular, in that they are:

a) Strongly cohesive: All the parts of a process are strongly related. This reduces the dependency of one
process on others, which in turn increases the efficiency with which the process can be executed;

b) Loosely coupled: The number of interfaces among the processes is kept to a minimum, which reduges
the amount of communication required for each process to successfully complete.

In principle} each process is dedicated to a unique function at each usage in a given stage of thedife cycle and

may empl@y another process for a specialized function. The following presents the rules.for identify|ng,

scoping, and structuring processes:

a) A prodess is modular i.e. one process should perform one and only one functiof/within the life cycle and
the interfaces between any two processes should be minimal;

NOTE The rule that a process should perform one and only function does net\imply that a process can only be

performed bl one part of an organization at one stage of the life cycle. Performing a process is not locked to any one time,

part of the life cycle, or performing part of the organization.

b) Each process is invoked in the architecture;

c) |If procgss A is invoked by process B and only process B, then A belongs to B;

d) If a function is invoked by more than one process, thenthe function becomes a process in itself;

e) It must be possible to verify any function within the life cycle model;

f)  Each process should have an internal structure defined sufficiently to be executable.

4423 Responsibility

The principle of responsibility is closely linked to the concept of an organization. Each process is considgred

the responsibility of an organization (or party). An organization may perform one or more processes. A

process may be performed by one organization or more than one organization, with one of the organizatipns

being identified as the responsible party. A party executing a process has the responsibility for that entire

process even though the.execution of individual tasks may be by different people.

The responsibility principle facilitates adaptation and application of ISO/IEC 12207:2008 on a project, in which

many perspns may be legitimately involved.

NOTE 1 SQAEC TR 24748-1 clause 3.3.2 rr_\rr\\/irh:e more information on process rnepnneihilify

NOTE 2  Organizations and parties are discussed in clause 4.5 of this Technical Report.

4.4.3 Process categories of ISO/IEC 12207:2008

4431

General

ISO/IEC 12207:2008 groups the activities that may be performed during the life cycle of a software system
into seven process groups, four of which are system context process groups, and three of which are software-
specific process groups. The system context process groups are similar or identical to those in
ISO/IEC 15288:2008.
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The system context process groups are:

— Agreement Processes;

— Organizational Project-Enabling Processes;
— Project Processes; and

— Technical Processes.

The-software-specific-process-groups-are:
— | Software Implementation Processes;
— | Software Support Processes; and

— | Software Reuse Processes.

Each of the life cycle processes within the seven groups is described indefms of its purpose gnd desired
outcomes and lists activities and tasks which need to be performed to achieve those outcomes.

NOTE The life cycle process categories are summarized in ISO/IEC_12207:2008, clause 5.2.1. A summary of the
progesses are given in clause 5.2.2. In-depth discussions are given in clauses 6 and 7.

4.4/3.2 System context process categories

The system context processes are shown in Figure 5.

Agreement Processes Project Processes Technical Processes
Acquisition Process Project Planning Process Stak;l:zrliciit?;s;qrgg:;unts
s VP Project Assessment and System Requirements
upply Frocess Control Process Analysis Process

Decision Management Process System Architectural Dpsign

- - - Process
Organizational Project-
Enabling Processes Risk Management Process Implementation Procgss
Life Cycle Model Management Configuration Management .
Brdcess Process System Integration Process
Infrastructure Management Information Management System Qualification Tgsting
Process Process Process
preigct Porgollo Management Measurement Process Software Installation Prpcess
rocess
Human Resource Management Software Acceptance Support
Process Process
Quality Management Process Software Operation Process

Software Maintenance Process

Software Disposal Process

Figure 5 — System context processes
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NOTE 1 A summary of the system context processes are given in ISO/IEC 12207:2008, clause 5.2.2.1. An in-depth
discussion is given in clause 6.

The four system context process groups of ISO/IEC 12207:2008, as well as the primary relationships between
the groups, are portrayed in Figure 6. The role of the Organizational Project-Enabling and Project groups of
processes is to achieve the project goals within applicable life cycle stages to satisfy an agreement.
Organizational Project-Enabling Processes provide enabling resources and infrastructure that are used to
create, support, and monitor projects and to assess project effectiveness. The Project Processes ensure that
adequate planning, assessment, and control activities are performed to manage processes and life cycle
stages.

Appropriat¢ processes are selected from the Technical Processes and used to populate projects in order for
the projectjto perform work related to the system life cycle.

Life cycle stages 4

(5)Bar 2 S.) Outcomes used to
e B Ui ! assess progress Used to manage
technical processes

Deliverable that Used to arrive at and
satigfies agreement Agreement satisfy an agreentent
Processes
Used to establish
requirements
A J
Used to assess quality N \
and progress Orgamzatlon O
Prmect—enal:gl\l
l Processg
r===="" T Used to create, support
: : and monitor projects
| Ssuft:urare | Used to manage life cycle X
: ystem | Stages Project
| o Processes
|
. l
| |
| i

h 4

Technical
Processes

Used to ¢reate products and
services pf a H}g cycle stage that
meet requirements

Figure 6 — Role of the system context processes

Projects may need to establish relationships with other projects within the organization, as well as those in
other organizations. Such relationships are established through the Agreement Processes of acquisition and
supply as shown in Figure 7. The degree of formality of the agreement is adapted to the internal or external
business relationships between projects.

NOTE2 An example and discussion of the use of the Agreement Processes is provided in clause 5.4.2 of this
Technical Report.
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Project span of
control

System-of-
interest

m Enabling
system

\ AN \
Acquiring ‘ | Supplying
Organizations Orggnizations

4 A

Agreement

Processes .
Used to acquire a product Used to agree to terms of supplyin

or service a product or service

<

Figure 7 — Use of Agreement Processes

4.4/3.3 Software specific process categories

The software specific processes are shown in Figure 8.
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Software Reuse Software Implementation Software Support
Processes Processes Processes
Domain Engineering Software Implementation Software Documentation
Process Process ManagementProcess
Reuse AssetManagement Software Requirements Software Configuration
Process Analysis Process ManagementProcess
MahagementProcess DesignProcess Assurance Process
Software Detailed Design Software Verification
Process Process
Software Construction SoftwareNalidation
Process Process
Software Integration .
Process Software Review Process
Software Qualification .
Testing Process Software AuditProcess
Software Problem
Resolution Process

Figure 8 — Software specific processes

NOTE A summary of the software specific processes are given in ISO/IEC 12207:2008, clause 5.2.2.2. An in-d¢pth
discussion i$ given in clause 7.

The three |software specific process groups of ISO/IEC 12207:2008, as well as the primary relationships

between thie groups, are portrayed in Figure 9.
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Figure 9 — Role of the software specific processes

4 Recursiveliterative application of processes

41 General

p forms of process application are sessential and useful for executing the requir|
/IEC 12207:2008:

recursive; and

iterative.

4.2 Recursive application of processes

en the same set. 'of )processes or the same set of process activities are applied to successiV
tem elements within the system structure, the application form is referred to as recursive. The
h one application are used as inputs to the next lower (or higher) system element in the system
ve at a moré detailed or mature set of outcomes. Such an approach adds value to successive
tem structure. Figure 10 illustrates the recursive application of processes to systems from the to

ements  of

e levels of
b outcomes
structure to
pbarts of the
b down.
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Stakeholder Requirements
Definition Process

Applied to
Outcomes flow to
A
Requirements Analysis Applied to
q y | PP > System
Process |
A
. Applied to
Architecture Design Process
Outcomes flow to Value added to system
elements|of the by definition of its lowgr
system level system elements
v
Stakeholder Requirements
Definition Process Applied to
A 4
Outcomes flow to
A
Re¢quirements Analysis Applied t
q y | ppled fo » System elements
Process |
Outcomes used for
A
. Applied to
Architecture Design Proeess
Figure 10 — Recursive application of processes
4443 |terative application of processes

When the application of the same process or set of processes is repeated on the same system, the
application is referred to as iterative. Iteration is not only appropriate but also expected. New information is
created by the application of a process or set of processes. Typically this information takes the form of
questions with respect to requirements, analyzed risks or opportunities. Such questions should be resolved
before completing the activities of a process or set of processes. When re-application of activities or
processes can resolve the questions, then it is useful to do so. lteration can be required to ensure that
information with admissible quality is used prior to applying the next process or set of activities to a system-of-
interest. In this case iteration adds value to the system to which the processes are being used. The iterative
application of processes is illustrated in Figure 11.
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Figure 11 — Iterative application.of processes

44 Methods and tools

ractice, there are many situations where software size and complexity, project duration and theg
tributing organizations require process execution to be supported by methods and tools.

e selection of methods and tools depend on many factors including stage in the life cycle,
ware system’s hierarchy and application domain. As a result, neither ISO/IEC 12207:200
hnical Report, includes discussions of specific methods and tools. Nevertheless, there are s
the user of ISO/IEC 12207:2008 should bear in mind when selecting and using methods 3
omplish life cycle process aclivities or related tasks. Four such issues are listed below.

A method or tool does 'not pre-empt the process to be followed but should support the set of ag
selected process,-Methods should be selected to fit the software life cycle stage.

Selection of tools should be based on connectivity to other tools that provide inputs or use ou
tool being-¢cansidered for use. The engineering data produced should be in an appropriate forr
the data™to be captured, stored and available as long as it is needed. Those members of org
organizations, projects and other stakeholders who have the need should be given access auth
data.

number of

evel in the
8, nor this
bme issues
nd tools to

tivities of a

puts of the
h to enable
anizations,
ority to the

d)

The training requirements for application of the method or tool should be considered. The i
as subsequent training time after a user has not used the tool for a period of time, should be
the consideration.

Enabling systems as well as tool administration should be considered.

4.5 Organizational concepts

4.5.

An

1 General

organization is a person or a group or people and facilities with

© ISO/IEC 2011 — All rights reserved
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an arrangement of responsibilities,

authorities, and

relationships.

An identified part of an organization (even as small as a single individual) or an identified group of
organizations can be regarded as an organization, if it has responsibilities, authorities and relationships. In
ISO/IEC 12207:2008, the terms "organization" and "party" are closely related. When an organization, as a
whole or a part, enters into a contract, it is a party. Organizations are separate bodies, but the parties may be
from the s3

me-oraanization-orfrom-senarate oraanizations
J ~ J N

NOTE and

project-level

Drganizations and parties are introduced in ISO/IEC 12207:2008, clause 5.1.3. Organizational<evel
adoption is discussed in clause 5.1.4.

4.5.2 Responsibility

Each process is considered the responsibility of a party. An organization may perform ohg’or more procesges.
A process may be performed by one organization or more than one organization, with_.one of the organizatipns
being idenfified as the responsible party. A party executing a process has the_responsibility for that entire
process even though the execution of individual tasks may be by different people.

The responsibility feature of the life cycle architecture facilitates. adaptation and application| of
ISO/IEC 12207:2008 on a project, in which many persons may be legitimately involved.

An organization (or a party) derives its name from the process 4t is currently performing, for example, |t is
called an acquirer when it performs the Acquisition Process. In4SO/IEC 12207:2008, the agreeing parties [are
called the acquirer and the supplier.

When the [following terms are used in ISO/IEC 12207:2008, they do not have their generic meaning, |but
instead, refer to the organization or party responsible for-executing the process with a similar name:

— acquirer,

— supplier,

— implementer,

— maintginer, and

— operatpr.

The processes and-ofganizations (or parties) are only related functionally. ISO/IEC 12207:2008 does |not

dictate or imply a_structure for an organization (or a party).

NOTE

SO/IEC TR 24748-1, clause 3.3.2 discusses process responsibilities in organizations.

4.5.3 Organizational relationships

A project has relationships with the organization, the business (or other entity) and other project-enabling
structures in which the project resides. The project places certain demands on the organization and the
organization places demands on the project. The project requires physical infrastructure, financial and human
resource support to carry out project work. The organization both constrains and supports a project. Examples
of such organizational constraints and supports are given below:

a) sets standards, policies, and procedures by which projects are carried out within the organization;
b) initiates, redirects or terminates projects according to business opportunities and strategies;
18 © ISO/IEC 2011 — All rights reserved
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c) provides requested resources including physical and human within availability and financial constraints;
d) provides infrastructure support;
e) manages the overall quality of software systems produced by a project for external customers.

A project plan is often used as a basis of an agreement between projects and various organizational

elements.

4.5.4 Project organizational structure

The application of ISO/IEC 12207:2008 does not require a specific organizational structure for projects.
Hoyvever, an appropriate organizational structure is essential. It is of particular importance that\the appropriate
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Ms or groups be assembled, structured and given the appropriate responsibility and authority fg
k required to meet the project requirements, for example the activities and tasks of a process.
y include representatives from each stage of the life cycle.

m or group members assigned responsibility for a software system need to be available and co
context of complex software systems this could require that the strucfure of the teams or
tidisciplinary and include skills necessary to do required tasks.
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hmunications should be established so that the.resultant software is properly integrated from

ported over its life.
Project concepts

1 General

roject is an endeavour with defined start and finish dates undertaken to create a product o
ordance with specified' resources and requirements. A project portfolio is a collection of p
resses the strategictebjectives of the organization.

roject may be, viewed as a unique process comprising coordinated and controlled activities a
hposed of activities from the Project Processes and Technical Processes defined in ISO/IEC 122
IE 1 ISO/IEC TR 24748-1, clause 3.1.4, provides more detail on structure in systems and projects.

FE\2, ISO/IEC TR 24748-1, clause 3.1.5, provides more detail on enabling systems.

individual

cialist or functional groups of the organization to do such-fasks as assessments on secuyity, safety,

ork. In this

text the team then becomes the integrated decision-making structure for process activities performed in a
ware life cycle stage. It is, however, important thatdndividual teams share knowledge and cgmmunicate

ms. Such
the lowest

bl up. It is also important so that each system and system element in the system structure is appropriately

service in
ojects that

nd may be
P07:2008.

For the purpose of ISO/IEC 12207:2008, any project is assumed to be conducted within the context of an
organization. This is important because a software project is dependent upon various outcomes produced by
the business processes of the organization, e.g., employees to staff the project and facilities to house the
project. For this purpose, this standard provides a set of Organizational Project-Enabling Processes. It is
important to note that the Organizational Project-Enabling Processes are not assumed to be adequate to
operate a business, nor are the Project Processes assumed to be adequate to operate a project. Instead, the
processes, considered as a collection, are intended to state the minimum set of dependencies that the project
places upon the organization.

ISO/IEC 12207:2008 describes the set of processes that comprise the life cycle of any software system.
Therefore, ISO/IEC 12207:2008 is designed so that it can be adapted for a software project of any type, size
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and complexity, whether focused on tangible products, services, or a mix of both. It is also designed to be
used whether the software is considered as a stand-alone entity, or a part of the total system.

The processes, activities, and tasks in ISO/IEC 12207:2008 are arranged in their most general, natural
positional sequence. This positional sequence does not dictate the life cycle model sequence. It is intended
that the software project select, order, adapt and iterate the processes, activities, and tasks as applicable or
appropriate.

On the same project, ISO/IEC 12207:2008 may be separately applied more than once. For example, in a
given software implementation project, an acquirer may request a supplier to perform software implementation,
with the acquirer and the supplier executing one application of ISO/IEC 12207:2008. The supplier may then
request its| sub-contractor to perform all or part of the software implementation. The supplier (now nn| an
acquisition] mode) and its sub-contractor (in supplier mode) execute a separate application| of
ISO/IEC 14207:2008. In both situations, it is necessary to adapt ISO/IEC 12207:2008 to reflect |the
arrangements.

NOTE 3 EEE Std. 1490-2003, Adoption of PMI Standard: A Guide to the Project Management’Boedy of Knowledlge,
provides more information on projects and project management.

4.6.2 Pragject relationships

Relationships can exist between a project and other projects, and subprojects:*Arsubproject as used here and
in Figure 1R is a set of resources and tasks organized to undertake a portion of a project. A subproject may be
considered a project by those assigned the work. Figure 13 illustrates, typical roles of agreements that
establish pfoject relationships internal and external to the project.

LEVEL
Entity Entity | Entity Il
Int | o
Orggljir:aation Organization A Organization B Organization C
—{ Adreement Agreement }7
Prgject Project Project
‘ Agreement ‘ ‘ Agreement ‘
y Y A Y
Subgroject Subproject Subproject Subproject Subproject

Figure 12 — Roles of agreements

Project relationships are managed through formal or informal agreements in accordance with organizational
policies and procedures, as appropriate. Depending on the type of project relationship involved, agreements
may exist within a single organization, or may span organizational boundaries. Agreements may be between a
project and a specific organizational element or elements, among multiple projects, or among a project and its
subprojects. Agreements provide a mutual understanding of the problem to be solved, work to be done,
established constraints, deliverables and clearly defined responsibilities and accountability.
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Another agreement, not shown in Figure 12, would be applicable when two or more organizations cooperate
on a single project. In this case, it is important to define each organization’s authorities, responsibilities and
rights, including the sharing of proprietary information applicable to the project in an agreement.

Regardless of the kind of agreement, there is some basic information needed to do the work required in
ISO/IEC 12207:2008. Each agreement, whether formal or informal, should include the following information to
the appropriate level of detail:

a) responsibilities for the work expected to be done, for example in the form of work statements;

b) _known functional and performance requirements, attributes and characteristics that clearly assign what
the software system and its related services are expected to do, be like or contain, including interfaces
with other systems, humans and environments. These can be in the form of a set of formal requirement
statements or a specification;

c) | deliverables, for example products, services and data;
d) | the stage or stages of the applicable life cycle model, including the related stage entry or ekit decision
criteria. Criteria provide the basis for determining whether the project is) ready to progress fo the next
applicable life cycle stage;
e) | required technical reviews to track the fulfilment of the agreement.and assess the maturity of tHe system;
f) | other appropriate information such as:
1) cost and schedule constraints;

2) implementation delivery milestones;

3) payment schedules;

4) planning documents including applicable work breakdown or system structure, related configuration
documents and acquirer supplied-engineering plans;

5) verification and validation reSponsibilities;

6) acceptance conditions.ahd transition instructions (for example for packaging, handling, delivery and
installation); and

7) rights and restrictions associated with technical data (for example for copyright, intellectyal property
and patents),

NOTE A modél is provided in clause 5.4.2 of this Technical Report for the application of ISO/IEC|12207:2008
pro¢esses tofeach an agreement.

4.6|3 / Enabling system relationships

Another relationship among projects is one that involves enabling systems. The project is responsible for
ensuring that required enabling systems are available when needed to fulfil the functions of the software or
enable the software to be realized. Some or possibly all enabling systems could be outside the direct
responsibility (boundary) of the project. Some or all of the enabling systems could already exist within the
project’s organization. Other enabling systems could be easily made available, for example by rental or
purchase. However, one or several enabling systems may not exist, and have to be created and be made
available in time to provide required services.

It is within the project’s span of interest that not only the software should appropriately be made available but

also all enabling systems that are needed throughout the software system life cycle. Thus the project should
determine needed enabling systems and take appropriate actions to ensure their availability for use.
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Agreements should be established between the project and the internal or external organization or

organization, as applicable, to ensure that specified enabling system services are provided when needed. A
project span of interest is illustrated in Figure 13.

Project span of interest

E[oiect span of control
System-of-interest| | Enabling systems
Performs the Allow system-of- Other Other
operational functions interest to be created, enabling enabling
as expressed by retired or function over systems systems
cugtomer requirements its life cycle

Internal to project

Internal to organization External to organization

—
;.0

»

Figure 13 — Project spanof interest

4.6.4 Hieyarchy of projects

The basic felationship of Figure 13, which illustrates the project span of interest, can be combined with [the
hierarchica] view of a system structure illustrated in Figure 2 of ISO/IEC TR 24748-1 and the systemrof-
interest stryicture in Figure 3 of ISO/IEC TR 24748-1 to give a hierarchal view of a project. The system that|the
project is rg¢sponsible for is considered.a system-of-interest. Each subordinate or sub-project is considered as
a project itgelf. A resultant hierarchy. of projects can then be formed. This hierarchy is illustrated in Figure 4 of
ISO/IEC TR 24748-1 and is portrayed in more detail in Figure 14 of this Technical Report.
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Project

Span of interest
\

System-of- Enabling
interest systems
|
Project Project Project
\ \ \
Span of interest Span of interest Span of interest
System Enabling System Enabling System Enabling
systems systems element systems
: |
Project Project Project
\ \ \
Span of interest Span of interest Span of interest
System Enabling Systen Enabling System Enabling
systems systems element systems

Figure 14 — Hierarchy of projects

Figure 14 shows only the lower level of projects of one system. Each system, however, [should be
degomposed into lower level projects until each consists of only a system element and its enablinlg systems.
There are two such projects in Figure 14 that end with a system element. Each project should be|carried out
using applicable systemlife cycle processes to the extent required by requirements and to satisfy applicable
life|cycle stage entry-orexit criteria.

As explained inyFigure 13, the enabling systems of Figure 14 may be under project control or, if external to the
project, understhe control of other organizations. However, the project should work with these other
orgpnizations“through agreements to ensure that the required enabling systems are available wher needed to
supportithe system-of-interest during its life cycle.

4.7 Adaptation concepts

4.7.1 General

To adapt means to make suitable, or to alter so as to make fit. Adaptation is the act or process of adapting by
adding, revising, or removing material. Tailoring is adaptation that only removes conformance material.

NOTE 1 Process tailoring (removal of compliance material) concepts are introduced in ISO/IEC 12207:2008, clause
5.1.5 with further discussion in Annex A.

NOTE 2 ISO/IEC TR 24748-1 adds material on adapting (tailoring or adding material) life cycle models in clause 6 and
on adapting processes in clause 9.4.3.
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ISO/IEC 12207:2008 provides requirements for a number of processes suitable for usage during the life cycle
of a software product or service. It is recognized that particular projects or organizations may not need to use
all of the processes provided by ISO/IEC 12207:2008. Therefore, implementation of ISO/IEC 12207:2008
typically involves selecting a set of processes suitable to the organization or project.

NOTE 3 The requirements of ISO/IEC 12207:2008 are contained in clauses 6 and 7, and Annex A of that International
Standard.

ISO/IEC 12207:2008 may be conformed to in the following ways:

a) An organization declares publicly as a condition of trade, a set of processes, activities, and tasks from
ISO/IHC 12207:2008, to which suppliers to the organization conform;

b) A soffware project adapts appropriate processes, activities, and tasks, which are performed in
accordance with contractually established criteria.

NOTE 4 Conformance to the International Standard is discussed in ISO/IEC 12207:2008, clause 541 4:

It is important to note that ISO/IEC 12207:2008 is not intended to be in conflict with apy organization’s poligies,
procedureq, and standards or with any national laws and regulations. Any such conflict should be resolyed
before usinlg ISO/IEC 12207:2008.

4.7.2 Adaptation

The processes from ISO/IEC 12207:2008, as well as life cycle models, may be adapted for an indiviqual
project to feflect the variations appropriate to the organization,, preject and system. ISO/IEC 12207:2D08
provides fiye primary mechanisms for adaptation:

a) Procegs selection: Claims of conformance to ISO/IEC 12207:2008 are made for a declared sef of
procedses. Neither an organization nor a particular project is required to use every process. They may
select the processes relevant to their needs and declare that subset as the basis of conformance.

b) Procegs substitution: Many of the processes-of 1ISO/IEC 12207:2008 are described as "specializations|' of

processes in ISO/IEC 15288:2008. Explicit permission is granted to use the system-level process as a basis

for conformance rather than the software<level process.

c) Use offOutcomes: According to the.conformance clause of ISO/IEC 12207:2008, "conformance is achiejved
by demonstrating that all of the fequirements of the declared set of processes have been satisfied using|the
outcomes as evidence." The fact that outcomes are used as evidence of conformance provides that
alterngtive selections of activities and tasks may be performed if the outcomes of the declared sef of
procegses are achieved:

d) Use ofl Notes: ISO/IEC 12207:2008 use non-normative notes or other forms of guidance for provisions that
are nol requiredfor conformance. In specific situations, implementation of selected notes will be approprjate.

e) Procegs failoring: Tailoring of processes is permitted. Tailoring is defined as the deletion of selegted
outcomes;.activities, or tasks.

4.7.3 Life cycle adaptation

Life cycle adaptation is discussed in detail in clause 6 of ISO/IEC TR 24748-1.

4.7.4 Adaptation for domains, disciplines and specialties

Adaptation for domains, disciplines and specialties in ISO/IEC 12207:2008 is written at a general level and
with sufficient scope that its normative provisions can be used on systems that are comprised of or include
aspects of different domains (e.g. hardware, software, services, facilities, etc,). Standards used in conjunction
with ISO/IEC 12207:2008 may have specific instantiations of the processes to provide better linkage to the
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International Standards for the practitioners in the domain. Such linkages are advised wherever the domain
practitioners deem them helpful.

Disciplines (such as mechanical engineering or facility engineering) and specialties (such as human factors,
safety, or security) may find analogous adaptations of their standards to be helpful. One way of making these
domain, discipline or specialty adaptations is by including them in agreements of the appropriate form,

following the provisions of ISO/IEC 12207:2008, clause 6.1.

NOTE

Life cycle model use and adaptation for domains, disciplines and specialties is addressed in

ISO/IEC TR 24748-1.

clause 7 of

4.7

Tai

5 Tailoring

oring is not a requirement for conformance to ISO/IEC 12207:2008. Tailoring is not permitted i

f a claim of

"ful] conformance" is to be made. If a claim of "tailored conformance" is made, then tailoring is to bg performed
as fequired by the tailoring process described in ISO/IEC 12207:2008.

NOTE 1 Tailored conformance is discussed in ISO/IEC 12207:2008, clause 2.3.

NOTE 2 ISO/IEC 12207:2008, Annex A, describes the tailoring process and defines the basic activitie$ needed to
perlorm tailoring of the International Standard.

As ptated in ISO/IEC 12207:2008, tailoring may diminish the percejved‘value of a claim of conformance to the
Intgrnational Standard. This is because it is difficult for other organizations to understand the extent to which

tail
to |
rath

5

5.1

Un
Thd
usH{
1S

NO

Mo
pro
apg
1S
the
1S

bring may have deleted desirable provisions. An organization asserting a single-party claim of cg
SO/IEC 12207:2008 may find it advantageous to claim absolute conformance to a smaller list of
er than tailored conformance to a larger list of processes.

Applying ISO/IEC 12207:2008

Overview
jerstanding concepts does not give the ability to immediately apply them without further though

in different project, organizational and life cycle environments, starting with planning the ap
/IEC 12207:2008.
'E The application 'of ISO/IEC 12207:2008 is introduced in clause 5 of the International Standard.
Hern organizations strive to develop a robust set of life cycle processes that are applied repea
ects of the organization. To accommodate that need, ISO/IEC 12207:2008 is intended to be
lication at/either the organization
/IEC 12207:2008 and supplement it with appropriate procedures, practices, tools and policies.

organization would typically conform to the organization's processes rather than conform
/IEC-12207:2008.

nformance
processes

I and work.

 following clauses give guidance-on what is to be done to bridge the gap between concept and practical

plication of

edly to the
useful for

level, or at the project level. An organization woquld adopt

A project of
directly to

In some cases, projects may be executed by an organization that does not have an appropriate set of

processes adopted at

the organizational level. Such a project the pro

may apply

ISO/IEC 12207:2008 directly to the project.

5.2

5.2.

Application strategy

1 Overview

ISO/IEC 12207:2008 may be applied for a variety of reasons, such as:

To define the processes, activities and tasks required for use on a specific project;
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To improve processes used by an organization across multiple projects;

— To provide guidance on software system life cycle processes usable within a larger process, such as an
organization's acquisition process or maintenance process.

Whatever the reason for application of ISO/IEC 12207:2008, a suggested application strategy consists of the

following:

a) Plan the application;

b) Adapt }SOUEC 12207:2008-if applicable;

c) Conduct pilot project(s);

d) Formalize the approach;

e) Institufionalize the approach.

This strategy is typical of the approach that is to be followed when introducing changés.into an organization or
project. The application strategy described above may be repeated several times within a project or acrosg an
organization as additional processes are addressed and/or improved.

Whether the existing basis for system life cycle processes is an older version of ISO/IEC 12207 or some other
reference point, the fundamental starting point is to identify all the changes needed to go from that basi$ to
ISO/IEC 14207:2008. If the existing process basis is an older version of ISO/IEC 12207, the amouni of
changes w|ll be noticeably less than if a different process basis is in,use.

Bringing al| the stakeholders together in this effort is critical;: @ven one area left out that should have beep in
the plannirlg can materially disrupt applying the new basis:'One way of proceeding is for a small group to
develop a ¢hecklist of things that must be considered in_applying ISO/IEC 12207:2008. This may include, and
possibly will not be limited to

a) documjentation changes, including flow and némenclature;

b) staff training needs;

c) resporjsibility changes, including.need for new agreements;

d) impacis on tools and databases; and

e) changes in the inputs required by and outputs from each process.

The initial ¢hecklist should then be used by an immediately following, larger, group of all stakeholders to work
through what other items need to be added and what the specific changes are for each item on the checklist.
Repeated reviews.of checklist drafts should be held to find the final few surprises.

Once therq is\d detailed listing of the changes derived in this, or equivalent, manner, the time and cost impact

of each need to be assessed. Then further analysis of the sequence of implementing the changes is
necessary. The group should explore phasing in changes in a way that minimizes cost, project disruption and
the potential for adverse human reactions. Readiness criteria should be developed for starting each step of a
phase-in, as well as checks for successful completion after each step of phasing in the changes. Quantitative
metrics should be developed and used.

Throughout, a core group should be maintained to oversee the change from one basis to another, with
periodic meetings of the entire group of stakeholders.

When a project or organization is already in a steady state, i.e. where the processes have been established
and institutionalized, then the implementation strategy could be shortened and would probably include the
following:
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b)

c)

5.2.

ISO/IEC TR 24748-

Plan the application;
Adapt ISO/IEC 12207:2008, if applicable (for the risk level of the work);

Conduct the project(s).

2 Planning the application

Applying ISO/IEC 12207:2008 should be considered as a specific project and planned as such.

£,

3:2011(E)
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5.2
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Define the scope of the project. Possibilities include:

A single project either internal to an organization or as part of a two party contract;
Concentration on some key processes or even a single process where there is expected
gain for an organization. This approach could be used where a_weakness has bee
previously and could lead to a full application of ISO/IEC 12207:2008<at some future point;

Adoption of ISO/IEC 12207:2008 across a range of projects,with probably a staged ir

0 be some
n detected

troduction.

Here the organization would probably have no or few defined\processes and would be standardizing

on ISO/IEC 12207:2008;

Adoption of ISO/IEC 12207:2008 across all projectsy'and within all parts of the organi:
unlikely that any organization except a very smallone would take this approach. It would
though for a new subsidiary of an existing organization that has adopted ISO/IEC 1220
working practice previously.

Identify the project goals and determine hoew they fit into the organization-wide business ¢
obvious link is established between this, project and the organization’s business focus, t

commitment to achieve the applicationsproject goals will be difficult if not impossible to maintain);

Identify roles and responsibilities of the project team/organization, assigning a singl
responsibility for each process.-In many cases, one individual or organization may be resp
more than one process, partictlarly in small projects or organizations;

Identify the resources .available for the application of ISO/IEC 12207:2008, such as time, mor
and equipment;

Create and document the project management plan for applying ISO/IEC 12207:2008.
3 Conduct pilot project(s)

en introducing ISO/IEC 12207:2008 in an organization across many projects, some pilot use in

ration. It is
be relevant
V:2008 into

oals. If no
hen lasting

D

b point of
onsible for

ey, people

key areas
tion would

for/key processes will help to limit the exposure of the organization. A successful introduc

usu

dlly Incluae suchn approacnes as the 10llowing.

Identify pilot projects that can utilize the processes selected. These pilot projects should be chosen on the
basis of high priority work, that will result in significant improvements, with a high probability of success,

and that can be expected to provide quick, visible results;
Select a team of volunteers to conduct the pilot projects then publicize and reward their efforts;

Train all involved. Awareness can be aided by regular communication of progress in the Impl
Process, in addition to formal training classes;

Plan the pilot projects and identify critical success factors;
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For each pilot project, incorporate the selected adapted process or processes into the project

management plan. Reference or include as appropriate, the necessary documentation, e.g. the tailoring
decisions and rationale;

f)

Execute the pilot project(s), tracking and documenting the performance against the critical success

factors. Document lessons learned throughout the pilot project(s). Incorporate the lessons learned into
revised processes.

5.24 For

malize the approach

thao intradi: actic lor aorocc araanizat
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h as training, documentation, provision of support tools for the process(es), and the tracking
f the new process(es) use and acceptance. Planning for the transition to the new process(es

that is already up and running should be addressed.
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mprovements may be made within a project by monitoring at the project level. They may. also be made
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ne project against another to determine approaches which were successful and which shquld be incorporated
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and implementing process improvement again as necessary.
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aspect of the application of ISOAEC 12207:2008.
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IC 12207:2008-io provide a common set of processes, an integrated software life cycle model,
basis for,eommunication and for working together.

ses(inyISO/IEC 12207:2008 form a comprehensive set to cater for a wide variety of organizatiq
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be

applied internally by an organization or contractually by two or more organizations. In order to facilitate
application of ISO/IEC 12207:2008 either internally or contractually, the tasks are expressed in contractual
language. When applied internally, the contractual language is interpreted as self-imposed tasks.

ISO/IEC 12207:2008 is to be harmonized with an organization’s policies and standards that are already in
place. It is usually the case that an organization has been utilizing its own existing standards and specific
techniques for software implementation. When applying ISO/IEC 12207:2008 within an organization, it is
therefore important to clarify the relationship between the International Standard, the organization's own
standards, and the various techniques that have been employed.
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Figure 15 shows one possible example of such relationships that may be useful when applying
ISO/IEC 12207:2008 within an organization. ISO/IEC 12207:2008 is located at the first level, standards in the
organization are located at the second level and the third level is for detailed implementation activities,
techniques, and tools that are specific to a project. The terms defined and used in the second and the third

leve

Is are required to conform to ISO/IEC 12207:2008.

Level 1
| IEC 12207
Work is done according to the items in each SO/IEC 0
process

Resolution of any conflicts is left to the*organization applying ISO/IEC 12207:2008 and m
developing a mapping and if necessary, filling any gaps.

5.3

Org

processes. This may be through standalone use or in conjunction with available process asses

caq]

Level 2

Standards in the organization
Work is done according to procedures in a defined 9

sequence.

Level 3

es are deta a spec Domaih-specific

Procedures are detailed for a specific domain,
They contain techniques for a problem solution. standards

Techniques

Tools are provided which support the various
techniques.

Figure 15 — Relationship with existing documents

2 Considerations and techniques

ay involve

anizations would generally‘use ISO/IEC 12207:2008 as part of an effort to improve software related

ability determination methods.

sment and

NOTE The application of ISO/IEC 12207:2008 within an organization is based upon the same approaches as are

usefd on projects. In clause 5.2 of this Technical Report, consideration is given to the issues raised and th

e strategies

despribed. This<\s " followed in clause 5.3 by a discussion of the application in organizations yhen using

ISG

5.3

IEC 12207.2008.

3 , Application opportunities

The reasons for applying ISO/IEC 12207:2008 internally within an organization may include such situations

as:

— Verifying the thoroughness of an existing method. This would usually be more relevant where the method

was developed in-house or adopted and extensively modified;

Adapting an existing method to cater for the risks associated with moves into new market sectors where

more rigor is required because of perceived risks;

Developing a new method e.g. to meet the needs of a new organization. This includes organizations
created through mergers or business alliances. It may be necessary to maintain several process models

to suit particular activities;
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— Managing the introduction of new technology. Examples include the automation of existing manual
processes, or a change in the techniques used to implement a software product. ISO/IEC 12207:2008
defines criteria which can be used to benchmark the completeness of the method before and after the
technology is changed;

— Evaluating an internal capability of a party to meet agreed criteria e.g. as part of a tender review process;

— Establishing a benchmark upon which improvement programs can be developed e.g. audit against
ISO/IEC 12207:2008.

5.3.4 Mamagementcommitrrernt

As with any program which results in changes to work practices, it is essential that the management. within [the
affected organization is visibly committed to implementing and supporting the changes. In a two-party’situation
this would pe initiated by a contract and then, as for general organizational use, it would be normal practice to
establish pplicies covering the relevant parties.

5.3.5 Use¢s of ISO/IEC 12207:2008 within an organization

There are|three key uses of ISO/IEC 12207:2008 within an organization. These uses are illustrated in
Figure 16 gnd described below.

Use 1 ISO/IEC 12207

Derived from ISO/IEC 12207

Use 2 Domain specific standards Organizational standards
Use 3 Methods Methods Methods
Procedures Procedures Procedures

Figure 16 — Three uses of ISO/IEC 12207:2008

Use 1 is a direct application of ISO/IEC 12207:2008 to organizational work. ISO/IEC 12207:2008 describes
the life cycle processes in terms of process name, purpose, outcomes and activities. Thus, direct application
is the application of a set of selected life cycle processes to the appropriate system-of-interest during a life
cycle stage to achieve the process outcomes and satisfy stage objectives and exit criteria. To successfully
apply the selected processes each activity is further defined by the organization. This further definition
includes identifying the tasks by which an activity will be accomplished. From these tasks and the nature of
the activity, methods and tools are determined for completing the tasks efficiently and effectively.
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The outcomes from performing tasks should include appropriate documentation. The extent of documentation
should be based on project size, life cycle stage exit criteria, agreement deliverables, resources available and
any other influencing factors identified.

For successful application of ISO/IEC 12207:2008 within an organization the methods and tools for completion
of activities and tasks should be selected and made available to projects. The team members involved with
applying the processes should be trained on the concepts and requirements of ISO/IEC 12207:2008 as well
as the selected methods and tools.

Use 2 is for the purpose of creating appropriate organizational standards and organizational domain
stapdards. These standards can be derived from the applicable concepts and requirements of
ISQ/IEC 12207:2008 in order to standardize the primary work of the organization and domainps such as

aer
1SQ
mo
shd
me
Org
me

Use 3 is for the purpose of preparing appropriate documents describing organizational and d

me

pspace, automotive, medical equipment and so forth. In this use it would be an adaptation of th
/IEC 12207:2008 to the organization, to the applicable domain, or both. Use 2 type standards
e focused to the business of the various organizational units and domains. As in‘Use 1, th
uld be defined in more detail by identifying necessary tasks, selecting and préviding the

hods and tools and performing work according to procedures and sequencing defined in these
anizational and domain team members should be trained in the appropriate,standard and the
hods and tools prior to applying on a project.

hods, procedures and guidance for implementation of organizational and domain standards as|

e scope of
should be
e activities
appropriate
standards.
applicable

bmain-wide
well as for

dirgct application of ISO/IEC 12207:2008. Appropriate training on the\applicable document is necgssary prior

to gpplication on a project.

5.4 Application on projects

5.4{1 Overview

ISQ/IEC 12207:2008 life cycle processes can be-used by a project for at least seven purposes.

a) | To establish agreements with organizational entities external and internal to the project to |acquire or
supply a product or service (Agreement Processes).

b) | To ensure the organization’s capability to acquire and supply products or services through the initiation,
support and control of projeects-(Organizational Project-Enabling Processes).

c) | To establish and evolve-project plans, to execute the project plans, to assess actual achieyement and
progress against the'\plans and to control execution of the project through to fulfilment (Project Processes).

d) | To contribute te.the satisfaction of system technical objectives for one or more life cycle stages| (Technical
Processes):

e) | To contribute to the satisfaction of the technical objectives of software system elements for one or more
lifecycle stages (Software Implementation Processes).

f) LFo—assistwith—the—implementation—ofa—software—item—as—an—integralpart—with—a—distinét purpose,
contributing to the success and quality of the software project (Software Support Processes).

g) To support an organization’s ability to reuse software items across project boundaries (Software Reuse

Processes).

The requirement to perform ISO/IEC 12207:2008 life cycle processes is independent of system size or
complexity. Instead, factors such as the system requirements and the concept of operation affect the system
size and complexity. Thus, the outcomes and activities from the ISO/IEC 12207:2008 life cycle processes are
meant to be generic and applicable to the engineering of any software system within the scope of the
International Standard. The size and complexity of a system can affect the work of a project, for example the
tasks performed to accomplish an activity of a system life cycle process or the type and form of work products
from application of the processes can be affected.
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5.4.2 Application of Agreement Processes on a project

5.4.21  Application of the Acquisition Process

The processes of ISO/IEC 12207:2008 can be used to attain an agreement. Figure 17 illustrates the use of
the Agreement Processes in conjunction with the other life cycle processes of ISO/IEC 12207:2008 to attain
an agreement. Agreements can be between organizations, between projects, and for work efforts within a
project. Such cases are illustrated in clause 4.6.

The model in Figure 17 is not meant to reflect aII p083|ble process rows to attaln an agreement but to show
that all preecesses—ef1SOHECA22042008—€can—have—arole—n—forming—an—agreemen mal
agreements that can be Iegally blndlng When an agreement involves a relat|onsh|p between |nd|V|duaI 5 Of
sub-projects within the same project much less formality can be expected than suggested by the Figurg 17
model. The following paragraphs describe the process flow of the Figure 17 model and exceptions| as
appropriatg.

Acquisition
process

A

Agreement

A
Acquisition request Response

<

Proposed response

Supply
process

Féasible solution

<
<

Requifements
Plans v

Project Work directives
—  planning
process

Plans and
Evaluations requirements

Orgar '_Zat'onal Project assessment and
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Figure 17 — Application of processes to form a formal agreement
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The processes of ISO/IEC 12207:2008 can be initiated with the receipt of an acquisition request such as a
formal request for proposal or an informal internal directive for certain work to be done. This could be before a
project is formed for a new engineering effort or within a project if it is for project-related work.

An appropriate team or individual, depending on the project size and complexity, would be assigned to
consider and prepare a response to the acquisition request. For smaller projects a single individual could be
assigned the responsibility to prepare the response, to do the work and to create the required work products
to be delivered.

The aSS|gned team or |nd|V|duaI should perform the activities of the Supply Process appropriate to
] ) [ pe a strategy
for the response preparatlon effort and to understand the capabllltles requlred to do the requeste work. The
plap should include a schedule of milestones and decision criteria for submitting a response and cpnsider the
godls of the organization or project as well as applicable investment decision criteria.

To determine whether to respond to the request for proposal or to determine the specifics of the response, the
Teghnical Processes can be planned and performed to the level of the system structure appropriate to the
natpre and size of the software system and the software life cycle stage. In additien; the scope of work, cost of
the| system and the feasibility of meeting requirements within given constraints“should be determined. The
application of the Technical Processes should be in accordance with the plan and should be asgsessed and
corftrolled using the appropriate Project Processes. The Organizational Project-Enabling Progesses are
imglemented to the extent necessary to support the technical processes and monitor the outtomes and
approve the response, as appropriate.

Appropriate to the level of formality, the following list of expectations should be used to establish|a common
bagis for the acquirer and supplier to understand the project réquirements.

a) | System and service requirements.

b) | Expected deliverables.

¢) | Implementation and delivery schedule milestones.
d) | Acceptance conditions, exception™handling procedures, conditions requiring re-negotiation of the
agreement, conditions required~to lawfully terminate the agreement, conditions required [to impose
penalties or invoke bonuses.and'payment schedules.

e) | Rights and restrictions dssociated with technical data, intellectual property, copyrights and patgnts.

The negotiation can belconsidered complete when the terms of agreement are acceptable to both the acquirer
and supplier.

NOTE IEEE,Std 1062-1998, IEEE Recommended Practice for Software Acquisition, provides additiorjal guidance
regarding the-Acquisition Process, including supplier selection.

5.4{2.2 \ ) Application of the Supply Process

After an agreement is established a project is formed, if not already in place, and the appropriate Agreement,
Project and Organizational Project-Enabling Processes of ISO/IEC 12207:2008 are used in conjunction with
the Technical Processes of the International Standard to do the work to meet agreement requirements. The
model illustrated in Figure 18 provides an example of the relationship of processes used within a project for
satisfying an agreement. This example is not meant to represent all possible process flows by all possible
projects. It does, however, provide an approach one can consider in establishing a process flow appropriate to
a particular project. Smaller projects would still do the same processes but the formalization, documentation
and level of activity could be reduced in scale as appropriate to the economics of the project.
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Figure 18— Application of processes to satisfy an agreement

The project work shoutdnot be undertaken until the resources such as funds, team members, equipment &nd
facilities ngeded to meet the project agreement and plans are attained.

The project exists to satisfy an agreement by providing the desired deliverables to the quality expected. The
project performs the Project Planning Process that could consist of updating the plans used to form [the
response t0 the acquisiiion request or the applicable plans from ihe previous Tiie cycle stage. Appropriate
teams are assigned the work required to meet planned requirements. These teams do the work associated
with application of the Technical Processes to obtain the work products required. The Project Assessment and
Control Process, Decision Making Process, Risk Management Process, Configuration Management Process
and Information Management Process should be used to monitor, control, and assess the Technical Process
outcomes to be able to keep work within acceptable cost, schedule and risk in order to meet performance
requirements for the system. The Organizational Project-Enabling Processes and Project Processes are
implemented to provide support to the project, and to review the project, as appropriate.

The activities of the processes shown in Figure 18 can be considered as complete when the agreement is fully
satisfied with the delivery of required products and services.
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The actual realized form of the system-of-interest, system or system element can vary from a conceptual
model to a production representative product. The realized form of the deliverable is typically a function of the
exit criteria of the applicable system life cycle stage and agreement requirements.

5.4.3 Application of Technical Processes to a project

5.4.31 General

Figure 19 provides a model for the application of the Technical Processes of ISO/IEC 12207:2008. This model
includes only the Technical Processes that are primarily used for engineering a system-of-interest. Three of

the[Technical PTOCESSES are not SNown N Figure 197
the Software Operation Process,
the Software Maintenance Process, and

the Software Disposal Process.

These three processes should be used as appropriate to provide inputs4o<the Stakeholder Re
Definition Process. The requirements could be in the form of acquirer requirements such as
supgportability and disposability or in the form of other interested pafty fequirements such as fi

quirements
operability,
br enabling

systems to provide related services. In the discussions below on the technical process model for ¢ngineering

a system, process application will be to a system whether it is the-top-level system-of-interest or|
systems or system elements in the system structure. When a.-process application is relevant
system-of-interest or a system element in the system structure;then specific terminology will be usg

Although any system must be addressed over its full life*cycle, it is common for projects to span o
of that life cycle. For example, one project may define the system, while a second project turns the
a regalized system. With that in mind, application of-T'echnical Processes to a project is covered in t
in this Technical Report. Clause 5.4.3.2 discusses system definition, whilst clause 5.4.3.3 addres
realization.

The Stakeholder Requirements Definition Process, System Requirements Analysis Process a
Arghitectural Design Process are used to design the solution for each system in the systen
Application of these processes can‘be highly iterative (see clause 4.4.4.3 of this Technical Report
arrive at the desired design solution.

Thd
Ins
sol
iter|

b Implementation Process, System Integration Process, Software Qualification Testing Proces
allation Process and.Software Acceptance Support Process are used to realize the architect
ition for each system in the system structure. Likewise, application of these processes car
ptive.

The
Pro
SYS
Thi

e Stakeholder Requirements Definition Process, Requirements Analysis Process and Architect
cess are-applied recursively to the system-of-interest and then its systems from the top d
tem @€lement can be implemented (for example built, bought, reused) using the Implementatig
5.0ccurs when no further systems need to be developed. After all system elements of the syste
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Process and Software Acceptance Support Process are performed recursively on each system from the

bottom up to include the top level system-of-interest.

NOTE See clause 5.4.4 for the application of the Software Implementation Processes to a project.
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Figure 19 — Application of Technical Processes to engineer a system-of-interest

Each process of this model is described below. Additional notes intended to help use these processes are
found in Annex A of this Technical Report.
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5.4.3.2 Related Technical Processes for system definition

5.4.3.21 General

The Stakeholder Requirements Definition Process, System Requirements Analysis Process and System
Architectural Design Process should be used to create design solutions for a system from the top-level
system-of-interest down through the lowest system element level of the system structure. Processes for

sys
54

Thd
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a)
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c)
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req
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After the set of stakeholder requirements is defined, upward and downward traceability (or comple]

con
acd

Thd
Prg
the
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NO

tem realization are covered in clause 5.4.3.3.

.3.2.2 Stakeholder Requirements Definition Process

b Stakeholder Requirements Definition Process can be used to identify, collect and appropria
eholder requirements. The acquirer and other interested parties together form the stakeholder
system being engineered. The acquirer provides the initial set of requirements forreach syg
tem structure. Other interested parties typically provide additional requirementsthat can in
ign solution. Examples are given in the list below.

Interfaces with associated enabling systems or interfaces with other systems-in the intended
environment.

Critical factor needs such as safety, security,
maintainability.

producibility,/ reliability, availability, us

Operator and user need, skills, competencies and working environments.

b resulting set of stakeholder requirements represents a collection of requirements plac
ineering of a system. These stakeholder requirements include the functions that are requ

uired characteristics of the system and any setvice related to enabling systems. To ensure that
rces of stakeholder requirements have been-considered, all the processes in ISO/IEC 12207:2
examined. So, as specific examples, the(appropriate activities of the Implementation Proce
gration Process, System Qualification\Testing Process, Software Installation Process an
eptance Support Process could eachzgenerate requirements, otherwise overlooked that will in
tem being engineered. Likewise, the\activities of non-Technical processes should also be exam
ey generate stakeholder requirements.

sistency checks) should be’ performed to ensure that no requirements have been omitted or ad
ountability.

b set of stakehdlder requirements should be used when performing the Software Acceptan

[«

J

requirements for the operation of the system and the business when addressing the
uirements)Definition Process.

= A future International Standard, ISO/IEC 29148, Systems and software engineering — Life cycle f

Red

tely define
5 related to
tem in the
luence the

pperational

hbility and

ed on the
ired to be

formed, how well they should be performed, the “€nvironment in which they are to be performed, any

all possible
008 should
5s, System
] Software
fluence the
ned to see

teness and
led without

ce Support

cess after the'\system has been implemented or integrated and verified. It is important to take into account

takeholder

rocesses —

uirements engineering, will provide guidance on implementing the requirements-related pri

bcesses of

ISO

5.4.

/IEC 12207:2008.

3.2.3 System Requirements Analysis Process

Stakeholder requirements are not always stated in technical terms and may not be readily usable for
architectural design. The System Requirements Analysis Process can be used to perform an analysis of the
stakeholder requirements and transform the stakeholder requirements into a set of usable technical
requirements. This includes the identification and analysis of external interface requirements, functional
requirements, performance requirements, and constraints as well as the quantitative and qualitative measures
related to these requirements.
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The resulting set of technical requirements should be checked for upward and downward traceability to ensure
that no stakeholder requirement has been omitted, all stakeholder requirements have child technical
requirements, and all technical requirements have a parent stakeholder requirement. The resulting set of
technical requirements should be checked for compound requirements containing multiple parts, which should

then be decomposed into individual requirements.

NOTE
Requiremen

ts engineering, will provide guidance on implementing the requirements-related processes

ISO/IEC 12207:2008.

A future International Standard, ISO/IEC 29148, Systems and software engineering — Life cycle processes —

of

During the requirements and design related processes, it is important to remember that any requirement that

calls for d
requiremer
and may b
an existing
use of reug

5.4.3.24

5.4.3.2.4.1
The Syster
into an ac

engineered
that include

5.4.3.24.2

The first s

bvelopment of a software product may be met by a reusable software product that fulfils
t and meets the established criteria. The reusable software product may be used as is or modi
b used to satisfy part or the entire requirement. For example, a requirement may be mef\by ug
plan, specification, or design. Annex B of this Technical Report provides more information on
able software.

System Architectural Design Process

General

h Architectural Design Process can be used to transform the defined/set of technical requiremg
teptable architectural design solution that fulfils the technical feguirements for the system bg
. The architectural design solution should be documented in.a‘technical data package or datab
s a set of architectural design solution specifications and other configuration descriptions.

Logical architecture definition

6.4.3.3 of |

ep should be to transform the set of technicakrequirements to a more detailed set of deri

O/IEC 12207:2008). This can be accomplished by performing the logical architecture design t

technical rFquirements that have been derived from a set* of logical architectural design models (see cla

of the Sys
desigh moq

A func
A data

A dats
with as

Interfa

em Architectural Design Process, then partitioning and capturing interfaces. Logical architect
lels can take one or more forms such @s described below.

tional flow block diagram reflecting‘the decomposition of major functions into their sub-functions
flow diagram that decomposes functions while explicitly showing the data needed for each func

structure with corresponding functions and processing flows related to the data and associg
signed technical requirements.

ce definition.documents with logical, physical and functional attributes of system element

system to external’'system boundaries delineated.

as apg

A behaviourahdiagram that describes input stimuli and outputs by function and includes operating or

ropriate to input or output criteria.

the
fied
ing
the

nts
ing
ase

ved
Lise
ask
Ural

ion.

ted

and

ler,

A cont

A time

rol diagram that indicates the controlling factors of a function and the resulting behaviour.

The states and modes of the system.

line that allocates a time requirement to a set of functions.

A functional failure modes and effects table that indicates the possible effects of a function failure mode,

such as not doing what it is designed to do or doing a function which it is not expected to perform.
Possible resolutions for each failure mode should be generated.
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Objects that encapsulate a partition and mapping of technical requirements and that are characterized by

services (behaviours,
characteristics and data).

functions and operations) provided by encapsulated attributes

(values,

k) A set of algorithms derived from contextual diagrams.
I)  An IDEFO diagram.
NOTE IDEFO (Integration Definition 0) function modelling is designed to represent the decisions, actions, and

activities of an existing or prospective organization or system. See IEEE Std. 1320.1,

modelling language — Syntax and semantics for IDEFQ for more information.

IEEE Standard for functional
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Aft¢r each alternative physical design is evaluated, the preferred architectural design solution

seld
5.4
The

a)

h logical architectural design model should be evaluated to determine the impact of the model
lity.

ved technical requirements taking into consideration the operational environment.\"These derivg
uirements can be used as the basis for physical architectural design.

cal architectural design models. The use of existing systems helps reduce developmental tim
may increase complexity. Use of new technologies can provide a €Competitive edge but can alf

In such considerations, new interfaces may be introduced and-shiould be included in the set
uirements through iteration of the System Requirements Analysis-Process.

b set of decomposed and derived technical requirements_should be checked for upward and
eability with respect to the set of technical requirements generated by the System Requiremen
cess.

3.24.3 Physical architectural design

3.24.31 General

sical architecture design draws on\the outputs of logical architecture definition and the two
ract, iteratively. In performing physical architecture design, the logical architectural design n
ved technical requirements and those technical requirements not allocated to logical architect
Hels can be used to form alternative physical design solutions (see clause 6.4.3.3 of ISO/IEC 12

bcted using an appropriate analysis of cost effectiveness, operational effectiveness and risk.

3.24.3.2 Physical architectural design outputs

e architectural design solution selected should then be fully defined to provide the outputs listed

A configuration description including the system specifications of the system that was defi

on system

b set of technical requirements can be allocated to logical architectural design niedels to fom a set of

d technical

5ting system elements, or the introduction of new technology, should. b€, considered in establishing the

e and cost
50 increase
bf technical

downward
ts Analysis

processes
hodels, the
ural design

4207:2008).

should be

below.

ned by the

Stakeholder Reqwrements Defmltlon Process System Requlrements AnaIyS|s Process a

b)

c)

nd System
e System

Quallflcatlon Testmg Process is performed after the system has been |mpIemented or mtegrated

The requirements that will be flowed down to the next lower level systems or system elements. These
requirements should be used as the acquirer initial specifications (or requirements) for the implementation
of lower-level systems or system elements; unless the architectural design solution is for a system
element that will have no lower-level systems to develop.

The requirements for enabling systems needed to provide life cycle support to the designed system.
These requirements should be used to acquirer required enabling systems.

Configuration descriptions can be in the form of specifications, baselines, diagrams and other appropriate
design descriptions. The specific configuration descriptions will depend on the life cycle stage in which the
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System Architectural Design Process is being used and the information needed to satisfy the exit criteria of
the life cycle stage and the entry criteria for the next stage.

5.4.3.2.4.3.3 Traceability of physical architectural design outputs

The requirements expressed in the configuration description outputs above should be checked by an
appropriate means to ensure that they are upward and downward traceable. Traceability should be checked

against three sources of requirements:

a)

The derived technical requirements from logical architectural design.

b) The d
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The o
logical
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c)

The Stake
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erived technical requirements that resulted from analyses of the alternative physical, des
ns.

itput requirements from the System Requirements Analysis Process that were not allocated t
architectural design model. This could happen when a technical requirement frem’ requireme
s cannot be allocated to a logical architectural design model.

holder Requirements Definition Process, System Requirements Analysis-Process and Sys
Bl Design Process can be performed again, as necessary, to refiné ‘the requirements for
Chitectural design solution and the related output configuration descriptions (see the discussion
n concept, clause 4.4.4.3 of this Technical Report). Factors that‘can cause this iteration incl

and downward traceability check.

System structure definition

possible outcomes from physical architecture design includes the requirements for the next lo
ms or system elements. These output requirements are the acquirer requirements for the recurs
of the Stakeholder Requirements Definition Process, Requirements Analysis Process
bl Design Process to a lower-level system:ér-system element in the system structure. The systg
blements at the next lower level of the system structure will later be integrated into the system f
Equirements were assigned.

ve application of the StakeholderRequirements Definition Process, System Requirements Anal

quirer requirements for each-level of the system structure. For each system or system elemen

structure that has to be-developed the Stakeholder Requirements Definition Process, Sys
nts Analysis Process ‘and System Architecture Design Process should be applied. Other intereg
rements should also,'be determined in order to form the input set of stakeholder requirements|
M or system eletment at the next level of the system structure. (See the discussion on the recurs
Huse 4.4.4.2.0of this Technical Report).

ive loop\of Figure 19 is continued until all system elements of the system structure have b
 no additional systems or system elements need to be developed. System elements can occu

gn

0 a
nts

em
the

on
ide

n of a need for new stakeholder requirements during architectural design or the failure to satisfy

ver
bive
and
ms
om

sis

d System Architectural Desigh-Process is shown in Figure 19 as the loop identified as the flow

t of
em
ted
for
ion

ben
r at

of’the’system structure. At each level, when no further development is needed for a system in

system stri

the
of

the recursive application of technical processes to enhance the top-level system-of-interest definition by
defining its lower level systems and system elements. The top level for one organization can be the system
that will be purchased by a consumer in a commercial market, such as an automobile. The top level for
another organization can be a system within the system structure such as a motor that will be assembled into
the automobile by another organization.

Also, at any level, a system element can be identified as having a unique standard that may be used for
implementation of that system.

The recursive application of the first three processes of Figure 19 is repeated within the system structure until
the implementation process is applicable for a system element and until all system elements have been
implemented. At this point the system structure is fully defined.
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5.4.3.3 Related Technical Processes for system realization

5.4.3.3.1 General

Technical Processes for system definition are covered in clause 5.4.3.2. The Implementation Process, System
Integration Process, System Qualification Testing Process, Software Installation Process and Software
Acceptance Process should be used to realize the architectural design solution for each system in the system
structure from the bottom system element to the top-level system-of-interest of the system structure.

Each implemented system element should be verified using the Verification Process and validated using the
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cture is complete. Then the bottom up, recursive application of the System Integration |Proce
plification Testing Process, Software Installation Process and Software Acceptance Suppd
uld be performed from level m to 1 of the system structure for each system and forthé system-g

3.3.2 Implementation Process

b Implementation Process can be used when further design of a system element is not neeg
nt the system element defined as part of an architectural desigh“solution can be implem
lementation Process should be used to transform such system.“element definitions into {

the system
5s, System
rt Process
f-interest.

ed. At this
ented. The
roducts or

vices appropriate to the applicable life cycle stage. The implemented system element can be either a single

duct or a composite product, depending on its position, in-the system structure and its a
ropriately modelled, built, bought or reused.

'E See clause 5.4.4 for the application of the Softwaré.Implementation Processes to a project.

3.3.3 System Integration Process

bility to be

e System Integration Process can be used after the lower level system elements have been impplemented

delivered to the integrator responsible for integration into a system at the next level above. In
system elements may be performed’by the same party that performed the implementatiorn
uirer. The implemented system elements are integrated into a higher-level system in accordan
figuration descriptions developéd-during the top down definition and design of that system.
grated system is verified using‘the System Qualification Testing Process, transitioned to the acd
t level above using the~Software Installation Process and validated using the Software A

ized using these same-processes.

3.3.4 System-Qualification Testing Process

b System-Qualification Testing Process can be used to establish correspondence between the p
characieristics of the system with respect to technical requirements and other agreement req

5 process ensures that each system element, system and the system-of-interest of the syste
been implemented or integrated correctly from the perspective of fulfilling its technical requirem|

egration of

or by the
ce with the
This newly
uirer at the
\cceptance
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brformance
juirements.
n structure
ents.

This verification should be performed in accordance with a verification plan. Verification can be dependent on
the form of the system, on the decisions made regarding life cycle stage entry and exit criteria, as well as the
specific life cycle stage. Example methods of verification are listed below.

a)

b)

Inspection (for example inspection of drawings)

Analysis (for example using mathematical modelling, simulation, a virtual reality prototype or si

milarity. An

example of similarity is using already performed verifications of similar systems with similar configuration

descriptions or systems that have already been certified to a standard).
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c) Demonstration (for example using mock-ups, physical models or operation. An example of operation is
the verification of configuration descriptions that apply to life cycle costs or system attributes such as
MTBF).

d) Test (for example using physical products, prototypes).

The implemented or integrated system should be used for performing verification. During early stages of a
system life cycle, inspection, analysis, demonstration or similarity could be used for verification. For later
stages, operation or testing could be used. For non-critical requirements, however, use of inspection, analysis
(including simulations), and demonstration during any life cycle stage for verification can be useful to save

cost.

Generally,
description
operators i
included in

Failure of

implementation or integration of the system. Anomalies that are discovered during yerification of the sys

(or system|
system to t

5.4.3.3.5

The Software Installation Process contributes to the Transition process of ISO/IEC 15288:2008, and can

used to de
be validate
using the
element, sy

Considerat
that each s
the life cyc

5.4.3.3.6

The Softw
performang
requiremer
integrated

verifications are conducted under controlled conditions to ensure that each configura
requirement is satisfied by the system. As such, actual operational environments and” use
5 not a factor. If the operational environment is a factor for a specific requirement thefit'should
any modelling, simulation or other form of verification.

system qualification testing can result from poor conduct of the verification or imprd

element or system-of-interest) need to be appropriately resolved prier“to the transition of
he acquirer and before performing software acceptance.

Software Installation Process

iver to the acquirer a fully integrated and qualified software’system. The delivered system can 4§
d if the agreement requires validation to be accomplishied by the supplier before transition, typig
oftware Acceptance Support Process. Appropriate‘transition should be performed for each sys
stem and the system-of-interest from the bottom.ef the system structure to the top.

ons for transition should include, as appropriate, packaging and handling, installation and ensu
ite is properly prepared for the installation of the system. Transition activities will be dependent
e stage and the position of the system-within the system structure.

Software Acceptance Support-Process

are Acceptance Support“Process can be used to establish correspondence between

e and characteristics of the system with respect to stakeholder requirements and other agreen
ts. Validation during_this process should ensure that the 'right' system has been implementeg
to fulfil stakeholderyequirements or expectations. The set of stakeholder requirements used

ion
of
be

per
em
the

be
Iso
ally
em

ing
on

the
ent

or
for

validation are output from(the Stakeholder Requirements Definition Process. The implemented, integra
and verified system should be used for performing validation in either its actual operational environm
(considering other interfacing system elements or systems-of-interest) or its simulated operatig
environment. The environment of validation is dependent on the position of the system in the system struct
The form of the system will be dependent on the life cycle stage in which validation is performed.

ed,
ent
nal
ure.

Validation
after the same system has been verlfled usmg the System Qualification Testing Process. The system should
be verified that it was implemented or integrated correctly before showing that it is the 'right' system.

Validation can be done with simulation or mathematical modelling, with a technology prototype, with a pre-
production prototype or with a delivered or installed system, as appropriate to satisfy the entry or exit criteria
of the applicable system life cycle stage and the agreement. The validation should be performed using
anticipated operators or users when possible and appropriate.

Validation can be completed either prior to transition to the acquirer or after transition as specified in the
agreement. If validation of the system (“as modelled,” “as-built” or “as-integrated” and “as-verified”) is
performed before transition, then the supplier normally does this. Otherwise, the acquirer validates the “as-
delivered” system prior to the integration with other acquired lower level systems and system elements
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applicable to the system being integrated. The Software Acceptance Support Process can be performed using
a mathematical or simulation model when cost of validation is a factor or where operational environments are
not readily accessible.

There are several approaches such as listed below for performing the Software Acceptance Support Process.

a)

Validation against acquirer and applicable interested party requirements using the same methods as used
for verification, i.e., analysis (including simulation or mathematical modelling), inspection, demonstration

and/or test.

Certification tests against established requirements

The
cog

Val
req
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5.4

5.4
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5.4

The
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anm
rety
Pro

Acceptance tests using operational processes and personnel in an operational environment:
As specified in the agreement.

b approach used is dependent on the system life cycle stage in which validation'is conducted
t, schedule, level of the system within the system structure and available resourcCes.

dation failure can result from poor conduct of the validation or improperly transforming the §
uirements into the preferred architectural design solution. Anomalies discovered during valida
appropriately resolved prior to transition of the system (or system{element or system-of-inte

as well as

stakeholder
tion should
est) to the

uirer (if validation is done by the supplier) or prior to integration with other systems or system el¢gments into

gher-level system (if validation is done by the acquirer after reeeiving it from the supplier).

3.4 Related technical processes for system utilization

3.41 General

b Operation Process, Maintenance Process and Disposal Process should be applied to utilize
ughout and to the end of the remainder‘of its life cycle and are not considered to be part
nition (clause 5.4.3.2) or system realization (clause 5.4.3.3). The Operation Process and M
cess should be used to allow the stakeholders to achieve the service and/or product benefits

the system

of system
aintenance
ought from

system, at the level desired and-over the extent of time intended, when they initially defined their

eholder requirements. The Disposal Process should be used to ensure that the system is ren
vice and, if appropriate, physically disposed of in a manner that ensures that no safety, env
rational or other hazards are-created.

3.4.2 OperationProcess

e Operation Process can be used whenever the system realization is sufficiently advances for th
vide outputsdesired by the stakeholders, even if this is at a level significantly below full intended
increasingly common for systems to mature and evolve in some modular or stepwise fashion s
ore modest core capability. Starting at a less mature point can allow the stakeholder to realize

rn an their investment earlier than would otherwise occur. At the same time, early use of thq
cess allows learning on the part of the operators, those receive the functional benefits of the syq

hoved from
ronmental,

e system to
capability.
arting from
b beneficial
Operation
tem (which

ma
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aintenance

Process. This opportunity for learning and refinement of the requirements for the final system can be
formalized under an incremental build concept.

The Operation Process can be applied for much longer spans of time, and in different environments, than any
of the product definition or realization processes were. Failure of the Operation Process, hence failure to
obtain the intended benefits of the system over its lifetime, can occur if all parts of the Operations Process are
not reviewed and addressed throughout the operating life of the system and similarly when changes occur to
the system, whether large or small, rapidly or slowly.
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54343

Maintenance Process

The Maintenance Process can be used even before a system is formally considered operational. There can
be overlap between the system realization processes and the Maintenance Process that can benefit both the
developers and the maintainers. The quality of the documentation and training, as well as the adequacy of
logistics arrangements, can be tested in this manner.

Like the Operation Process, the Maintenance Process can be applied for much longer spans of time, and in
different environments, than any of the product definition or realization processes were. Corresponding failure
of the Maintenance Process, hence failure to obtain the intended benefits of the system over its lifetime, can

occur if all

arts of the Maintenance Process are not reviewed and addressed throughout the operating lif

e of

the system

the long term success of the Maintenance Process also depends on ensuring that it says aligned

changes in
Operation
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Enabling s

design soljition in the system structdurethe enabling system requirements related to the system should
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that need t
actions shq
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and similarly when changes occur to the system, whether large or small, rapidly or slowly. Furt

the operation of the system, with corresponding need to understand the changes occurting in
Process.

Disposal Process

al process can be used while a system is still operational and can be applied.to part of a system
he entire system. In the case of incremental development of capability, it\is'not uncommon to n
stem to be disposed of. The disposal strategy can become complex.in such cases and the strat
uld be considered carefully.

er hand, it is also not uncommon for only part of the disposal-process to be applied. For exam

Lch as in an emergency or as a platform to test capabilities for yet further evolution of a syst
Disposal Process always needs to developed and executed in synchronization with operation
ce of the system, it is particularly important in these‘complex cases.

bal Process should pay close attention to archiving information related to disposal, and ensu
uired certifications are obtained and held available. This may be necessary over an indefini
pan of time.

Enabling system definition and realization
stems apply to all parts of thelife cycle and potentially support any process. For each architect

[he enabling system requirements should be satisfied either by engineering the enabling systd
b be developed or by‘acquisition or scheduling the existing and available enabling systems. Th
uld be carried outterassure that required enabling system services are available when neede
b system-of-intérest in the system structure during the applicable life cycle stage. Figurg

-

he use of enabling systems related to the life cycle stages.
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Figure 20 — Enabling systems realization

 following discusses an example of the application of Figure 20 to the availability of equipmer
ded for implementation of a system element.orfor integration of lower-level system elements
uch equipment and tools already exists, the processes of Figure 19 do not need to be used.
5ting enabling systems should be acquired or scheduled as appropriate. If, however, the equipm
d to be developed, then the processes of Figure 19 should be used in the way described in clau
5.4.3.3. The acquirer requirements' for each enabling system come from the requirement
ng the application of the Stakeholder Requirements Definition Process, System Requiremen|
cess and System Architecture Design Process to the system that is to be implemented. Such re
ild include allowable tolerances, types of materials and material processing such as cutting,
mping. Additionally, the cencept of operations (or strategy) for implementation should be availg
any implementation eonstraints to include special techniques to be used. Figure 20 sugge
bling system defined "as a system-of-interest and realized using the processes of Figure 19
e its own set of gnabling systems to provide appropriate life cycle support.

4 Application of Software Implementation Processes to a project

4.1 Overview

t and tools
Dr systems.
nstead the
ent or tools
ses 5.4.3.2
5 identified
ts Analysis
quirements
milling and
ble as well
sts that an
thould also

ore 2t—provides —a modet—for —the—applicatiom—of —the—Software —tmptermentatiomr—Fr

ISO/IEC 12207:2008.

© ISO/IEC 2011 — All rights reserved

esses of

45


https://iecnorm.com/api/?name=afb484049bbd478eb5be5902c41b1942

ISO/IEC TR 24748-3:2011(E)

Inputs from:

Acquirer requirements for software system-of-interest
Other interested party requirements for each software system in system structure

v

Software
Requirements
Analysis Process

v
Flow down of acquirer Software
requirements for level 2 to n of Architectural Design
Process

software system structure

v

Software Detailed
Design Process

....
-----
-----
-----
="

Spdcifications to buy,
implement, or reuse system
element for level y of software
system architecture of system
structurd (where 1 <y <or=n)

Software
Construction‘Process

y

Software Integration
Process

Bottom yp realization from level
n to 1 of the software system

structure

Software
Qualification Testing
Process

Delivery of software system-of-interest

Figure 21 — Application of the Software Implementation Processes to engineer a software system-of-
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5.44.2 Related Software Implementation Processes for software definition

5.4.4.21 General

The Software Requirements Analysis Process, Software Architectural Design Process and Software Detailed
Design Process should be used to create design solutions for the software systems-of-interest of the system

structure. Processes for software realization are covered in clause 5.4.4.3.

5.4.4.2.2 Software Requirements Analysis Process

Th¢ Software Requirements AnalySiS Process can be used 1o periorm an analysis of the $takeholder
requirements and transform the stakeholder requirements into a set of usable technical requireménts for the
imglementation of the software system-of-interest.

The guidance provided in clause 5.4.3.2.3 for the System Requirements Analysis Processis also applicable to
the|Software Requirements Analysis Process.

5.4{4.2.3 Software Architectural Design Process

The Software Architectural Design Process can be used to transform thedefined set of technical requirements

intd
eng

The

Software Architectural Design Process.

5.4

On
lowm
the

an acceptable architectural design solution that fulfils the technical fequirements for the soft
ineered.

b guidance provided in clause 5.4.3.2.4 for System Architectural Design Process is also applid

4.2.4 Software Detailed Design Process

b of the possible outcomes from the software™architecture design includes the requirements f
er level software system or system elemenis<These output requirements are the acquirer requi
recursive application of the Software Requirements Analysis Process and Software Architect

ware being

able to the

or the next
rements for
iral Design

Prgcess to a lower-level software system-or system element in the software system structure. The [systems or
system elements at the next lower level of the software system structure will later be integrated into the
system from which the requirementswere assigned.

Thd
Prd
of {
dey
apg
sta
stry

The
bed
ocd

b recursive application of the\Software Requirements Analysis Process and Software Architect
cess is shown in Figure 21)as the loop identified as the flow down of acquirer requirements for

eloped the Software’Requirements Analysis Process and Software Architecture Design Proces
lied. Other interested party requirements should also be determined in order to form the i

cture. (See-ihe discussion on the recursion concept, clause 4.4.4.2 of this Technical Report).

b recursive loop of Figure 21 is continued until all system elements of the software system stry
n defined and no additional systems or system elements need to be developed. System elg

iral Design
each level

he software system structure. For each system or system element of the system structure that has to be

5 should be
hput set of

eholder requirements for each system or system element at the next level of the software system

cture have
ments can
eded for a

urat any level y of the system structure. At each level, when no further development is ne

system in the sofiware system structure, the next sef of processes for sofiware realization should be
performed.

Also, at any level, a software element can be identified as having a unique standard that may be used for
construction of that system.

The recursive application of the first three processes of Figure 21 is repeated within the system structure until
the Software Construction Process is applicable for a software element and until all software elements have
been constructed.
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5.4.4.3 Related Software Implementation Processes for software realization

5.4.43.1 General

Software Implementation Processes for software definition are covered in clause 5.4.4.2. The Software
Construction Process, Software Integration Process, and Software Qualification Testing Process should be
used to realize the architectural design solution for each system in the software system structure from the
bottom software element to the top-level system-of-interest of the software system structure.

Each implemented system element should be verified using the Verification Process and validated using the

Valldatlon nnnnnn of H=X 7N ad thao arlaval of th ot

bafora ot thao cvctam cteiiotien
TOCC oo OTTOTrCTIte coTatTttre CTC Ve Ot oy St StraCtaror

After all sy
software sy
Process ar
system str
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The Softwd

this point the software element defined as part of a software architectural design-solution can be construc

The Softw
products o
either a sin
to be apprg

5.4.4.3.3

The Softw

implementgd and delivered to the integrator responsible’for integration into a system at the next level abg
of the software elements may be performed by the same party that performed the implementai

Integration
or by the

accordance with the configuration descriptions deéveloped during the top down definition and design of

system.

5.4.4.3.4

The Softw
performang
requiremer

system striicture has been implemented or integrated correctly from the perspective of fulfilling its techn

requiremer

This verific

aration-io-narfarm. naxt-hiahkh
oo TopPCToTrTTt TeXTTHgT

stem elements of the software system structure are appropriately implemented, the definition of
stem structure is complete. Then the bottom up, recursive application of the Software.'Integra

d Software Qualification Testing Process should be performed from level n to 1 of, the softw
cture for each system and for the software system-of-interest.

Software Construction Process

are Construction Process should be used to transform such_software element definitions
services appropriate to the applicable life cycle stage. The implemented software element can
gle product or a composite product, depending on its position, in the system structure and its ab
priately modelled, built, bought or reused.

Software Integration Process

are Integration Process can be used after~the lower level software elements have b

acquirer. The implemented softwaretelements are integrated into a higher-level system

Software Qualification Testing Process

are Qualification Testing Process can be used to establish correspondence between
e and characteristics-of the software with respect to technical requirements and other agreen
ts. This process-ensures that each software element, system and the system-of-interest of

ts.

Ation should be performed in accordance with a verification plan.

5.4.5 Application of processes in a life cycle model

5.4.5.1

re Construction Process can be used when further design of a software element is not needed|

the
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Overview

The ISO/IEC 12207:2008 requires the establishment of a life cycle model to provide a framework in which the
processes of the International Standard are performed (See clause 6.2.1.2 of ISO/IEC 12207:2008). It also
requires the definition of purpose and outcomes for each stage in the established life cycle model.
ISO/IEC TR 24748-1 provides in clause 4 a description, including the purpose and outcomes, of a life cycle
model with a set of six life cycle stages. This model is included in Figure 22 as a reference for two related
views of the system life cycle — the organization view and the engineering view.
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figure 22 — Organization and engineering views related to representative system life cycl

 system life cycle model illustrated in Figure 22 does not imply any application precedence o
the application of the ISO/IEC 12207:2008 life cycle processes. The order of use of the life cyclg
nfluenced by multiple factors such as social responsibilities, world trade laws, organizational ¢
hnical considerations. Each of these factors can vary during the life of a system. A manager of a
le stage typically selects the appropriate set of life cycle processes to meet the exit criteria and
bctives. For example, during(@ny of the later life cycle stages a manager can use the Softwarg

forms its required functions or is serviced to meet system requirements. During earlier life cycle]
he processes can bé:used to help manage the implementation of the system as well as affect t
vaste products or-work products that are no longer needed.

determine which processes to select and apply during a system life cycle stage, a manager ig
purpose-and outcomes for each of the stages (see clause 4 of ISO/IEC TR 24748-1). The sele]
ropriatesprocesses enables the system’s progression through its life cycle to be managed. The
le model of Figure 22 can be considered as an illustration of an orderly passage associated wit
ng from one stage of life to another. Both the organization and engineering views of Figure

le model

[ sequence
processes
Liltures and
system life
bther stage
Operation

cess, Software Maintenance Process and Software Disposal Process to manage the systgm while it

stages the
he disposal

guided by
ction of the
system life
h a system
22 can be

pfomenmabtingthis passage:

An organization (for example an automobile company or medical equipment supplier) or a domain group of an
organization (for example a government defence agency or industry group) often has a unique view of the
system life cycle to control the passage from one system life cycle stage to the next. The organization view
illustrated includes management-focused activities that are used to form both milestones and decision gates.

The organization uses these milestones and gates as decision points where investment decisions can be
made as to whether a system should be continued to the next system life cycle stage or be modified, be
cancelled or retired or have the plans for the next stage revised before approval. These milestones and
decision gates can be used by organizations to contain the inherent uncertainties and risks associated with
costs, schedule and functionality when a system is created or utilized.
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The organization view of Figure 22 provides an example framework in which different approaches can be
used to meet organization goals and objectives. The framework and example approaches for the organization
view are described in clause 5.4.5.2 below.

In order to meet the exit criteria of a decision gate, a system has to be appropriately engineered and the
appropriate work products need to be produced to provide decision-making information and required
deliverables. Thus planned engineering activities need to take place during each system life cycle stage to
obtain the outcomes and meet the purpose of the stage or a set of stages. The engineering view of Figure 22
provides an example framework of engineering activities required to meet the criteria of management decision
gates and related system life cycle model milestones. This engineering view is described in clause 5.4.5.3 of
this Technical Report.

5.4.5.2 Drganizational view

5.4.5.2.1 | Approaches

The organizational view of Figure 22 can vary according to the nature, purpose, use and prevai
circumstange of the system-of-interest or the business of the organization. Nevertheless, despite a necesgary
and apparegntly limitless variety in such views, there is an underlying notional set of<characteristic milestpne
and decisign gates that exists. Each milestone and decision gate has a distinct.purpose and contribution to
the systerIL life cycle. These milestones and decision gates should be considered when planning and
executing the system life cycle. Milestones provide an interim opportunity formi@nhagement to review progress
between of before decision gates. Examples of milestones are provided 'in the paragraphs below. The
decision gates provide a framework within which organization management has high-level visibility and corftrol
of the projgct.

ing

During ear
the objecti
whether th
being used
listed beloy

y system life cycle stages, management can use esfablished decision gates to determine whether
ves (financial as well as technical) of the system<life stages were satisfactorily completed and
b system is ready to progress to the next stagexDuring later life cycle stages while the systerm is

(utilization and support), the decision gate.is*typically used to make three kinds of decision as

=

a) wheth¢r system technology should be refreshed (change to the baseline configuration without chang

performance);

ing

b) whethe¢r new system technology should be inserted (change to system performance);

c) whethd

The conce
period of
technology
concepts t
continue th
market, to

br the system should be appropriately retired.

bt stage of a systemylife cycle model has two major decision gates. The first decision gate is aft
bre-study. Prior(to this decision gate appropriate research and implementation is carried
challenges .and' opportunities are explored and potential system concepts are analysed. Th
nat have ptemise for future business opportunities are presented to management for approvg
e implementation of the more promising concepts. The concepts can be needed to develop a 1
espond to a specific threat or to respond to a request for proposal.

After studyl

Br a
but,
bse
| to
ew

ng the feasibility of the alternative concepts a second decision gate is used. Determinations s

ich

as listed below should be made before a decision is made to initiate the execute stage of the organization
view:

a) whether a concept is feasible and is considered able to counter an identified threat or exploit an
opportunity;

b)

products;

c) whether to approve a proposal generated to respond to a request for proposal.
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For organizations that are responding to a request for proposal, there is an important feasibility stage
milestone. This milestone is used to determine whether or not to make a bid based on the initial results of a
feasibility study.

The organizational view illustrated in Figure 22 includes activities related to four stages of the system life cycle
— implementation, production, utilization and support. Typically there are two decision gates and two
milestones associated with execution activities of the organizational view. The first milestone provides the
opportunity for management to review the plans for execution before giving the go-ahead. The second
milestone provides the opportunity to review progress before the decision is made to initiate production. The
decision gates during execution can be used to determine whether to produce the developed system-of-
interest and whether to improve it or retire it.

Thip organization view applies not only to the system-of-interest but also to its systems and systerln elements
that make up the system structure. Different organizations can be responsible for different-systems of the
system structure. And, the systems and system elements can have a shorter life than the’ system-of-interest in
which they are embedded and during the life of the system-of-interest. These can néed to be replaced with
imgroved systems or system elements.

Organizations employ the execution activities of the organization view of~Figlre 22 differently to satisfy
corftrasting business and risk resolution strategies. Sequential, incremental ‘er evolutionary apprpaches are
frequently used. These approaches are discussed in the clauses below., Alternatively, a suitable hybrid of
thepe approaches can be developed.

=

The selection, implementation and use of one of these approaches by an organization depend |on several
factfors such as those listed below:

a) | the acquisition policy of the organization;

b) | the nature and complexity of the system;

c) | the stability of system requirements;

d) | technological opportunities;

e) | the need for different system capabilities at different times;

f) | the availability of resources
5.4(5.2.2 Sequential approach

5.4(5.2.2.1 General

Forl systems_that have development cycles of five or more years before delivery of the first| system, a
sequential~approach can be appropriate. Many systems, such as produced by the automotive industry, use a
simjilar approach with development taking up to three years before a new automobile model is jntroduced.
Prdjects usmg th|s approach face many challenges |nclud|ng cost control fundmg changes, [technology
chad : j S e challenges are
created because of the Iong perlod from establlshlng the |n|t|al requwements for the system to the deploying of
the system in the marketplace.

The sequential approach is illustrated by the organization view of Figure 22 and has defined decision gates so
that an organization can manage an orderly progression of the system from conception through retirement.
For systems that rely heavily on off-the-shelf system elements, implementation is often directed to start in the
execution phase of Figure 22 without doing concept studies. In this case, the project needs to be aware of the
risks of starting implementation without doing the risk reduction engineering of earlier studies. Use of off-the
shelf system elements does not alleviate doing the engineering required to ensure system feasibility or doing
the risk reduction analyses and effectiveness assessments needed to ensure that interfaces are compatible
and that the system elements are expected to be compatible and interoperable so as to meet functional
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requirements. What this off-the-shelf approach does is to reduce the need to go through earlier decision gates,
not eliminate the analysis necessary to reduce risks of this approach.

The sequential approach is most effective, and is the most efficient approach, for engineering systems where
the requirements are well known and stable or for updates to existing systems.

5.4.5.2.2.2

Applicable systems

This approach is valid for systems that are one or a few of a kind or those that have large quantities produced.
Examples of systems for which this approach can apply are infrastructure information technology systems, a

D

manufactu
production
can be initi
are typicall
this approz

irg—system—modiication—automobiles—control—systems—and—consumer—products—DBuring

stage either one or a few systems can be produced and delivered or a large quantity produc
ated that could continue into the utilization and support stages. The utilization and suppart sta
y the longest period of this life cycle and could last for many years. Major systems realized ug
ch often have an operation life of tens of years with modifications using technology refreshme

the
ion
jes
ing
nts

and techndlogy insertions made to sustain the system and lengthen its useful life.

This sequential approach is also applicable to modernization of legacy systems. The engineering, howevey, is

done on the system being enhanced and its related lower level systems and systeni elements of the sysiem

structure. The impact on the system-of-interest does need to be analysed and where conflicts are revealed,
the changgs to higher-level systems and the system-of-interest need to be made jor the requirements for [the
applicable gystem need to be revised.

5.4.5.2.2.3 Risks

Because of the long duration of implementation using the sequential approach, several risks such as ligted

below shoyld be considered and resolved before adoption.

a) Expeciations and requirements related to the system.could change over the years of implementation.

b) Knowlgdgeable workers on teams could turn over{

c) Decisipn making personnel in the organizatién could change.

d) Customer personnel in the acquirer’s organization could change.

e) Suppliers of system elements and: related services could go out of business or change technologies.

f)  Techn|cal risks could be present.

g) Technical obsolescence tould arise during a long implementation.

5.4.5.2.24 Opportunities

The opportunities)such as listed below can be associated with the sequential approach.

a) The deliberate, StepwiSe refinement approach whereby the progress of system implementation is
carefully evaluated at each milestone allows system quality and risks to be evaluated and investment
decisions confirmed before progressing to the next stage of implementation, production lot or delivery to
market.

b) All system capabilities are delivered at the same time.

c) In-service modification decisions allow determination of whether to do maintenance, a major modification
or to retire the system from service.

d) Old systems can be simultaneously retired from service or withdrawn from the market.
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5.2.3 Incremental approach

5.2.3.1 General

3:2011(E)

The incremental approach applies to organizations that market new versions of a product at regular or pre-
planned intervals. An organization view not unlike the view of Figure 22 is used. However, milestones are
established at planned intervals to introduce a planned version of the system that can be released to the
market. The system realized as a result of the concept stage can be a first version.

Typically the overall capabilities of the last version to be marketed can be known at the start of system
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5ion more capabilities are added until the last release fully incorporates the overall capabilities:

e application of the ISO/IEC 12207 life cycle processes as illustrated in Figure 17, Figure (19 an
erformed to realize each version. The operation and support of each version is done’in paral
lementation, utilization and support of successive versions. Early versions of the.System and

e versions can be phased out as newer versions are bought and used by thg customer bas¢
dification to earlier versions could be made to incorporate the new capabilities of a later version.

5.2.3.2 Applicable systems

5 approach applies mainly to systems that rely on new, enhanced capability versions of the sy

bduced in short intervals so as to remain competitive in the-marketplace. Examples include
nnology systems such as business systems, medical systems.and routing and firewall systems.

5.2.3.3 Risks

bre adopting this approach.

Initial versions of the system could have such a limited set of capabilities that customer
dissatisfied and not be interested in buying the next version.

Versions marketed with too shert an interval could cause customer dissatisfaction with f
upgrade or the retraining costs.

Expectations may_nef'be met if customers desire the full capabilities in the first version.
Poor results may'be realized if requirements are not as well understood as originally thought.

Unplanped technology changes or competitor system capabilities could require re-direc
implementation and have a significant impact upon costs and schedule for subsequent version

The customer may change the requirements as the implementation progresses.

Costs for training (time and-money) to move from one version to the next could be unacceptable.

successive

J Figure 20
lel with the
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stem to be
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e incremental approach has associated risks such.as listed below that should be considered and resolved

5 could be

he cost to
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5.4.

5.2.34 Opportunities

The opportunities such as listed below can be associated with the incremental approach.

a)
b)

c)

Acquirer requirements for early capabilities could be satisfied.
The prototypes developed for each early milestone could have a place in the market.

Early introduction of the system, even with limited capabilities, could enable exploitat
marketplace by beating the competition to market.
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545.24

5.4.5.24.1

Evolutionary approach

General

The evolutionary approach also applies to organizations that market new versions of a product at regular or
preplanned intervals. The major difference of this approach with the incremental approach is that the full
capabilities of the last version of the system are not known when an evolutionary implementation is
undertaken.

Initially the requirements for the system are partially defined and then refined with each successive version of

nnnnnnnnnnnnnnnnn oo o atranclatad inta Ao daciead ~aonahil

the system i

The ISO/IB
to realize g
partial ove
operated a

afan oarbhivorcion A ran A a hilitioc
se-ofoR-eary-versionare-transtatedintonew-desired-capabilities:
C 12207:2008 life cycle processes as illustrated in Figure 17, Figure 19 and Figure 20 are\app
ach version. In this case, implementation of new versions could be done serially or in_parallel
flapping. As with versions developed using the incremental approach, different versions can

hd supported in parallel. Particular care should be taken, however, to maintain configuration corj

of each version so that operation, training and support procedures are appropriate to the vérsion being use

Often, a ne
be made tg

5.4.5.2.4.2

This apprg
though the
production

w version with enhanced capabilities could replace an earlier version, ora-block modification
the earlier version to incorporate the new capabilities of a later version.

Applicable systems

ach applies mainly to complex systems for which requirements are not well understood e
need for the system is understood and approved. These are typically one of a kind or low quar
systems. Example systems can include custom <information technology systems, mili

ied
vith

be
trol
of

can

ven
tity
ary

information technology systems and specific information techndlogy security systems. This approach is glso
useful for siystems that have to achieve quality in use.

5.4.5.24.3 Risks

The evolutionary approach has associated risks such as listed below that should be considered and resolyed

before adopting this approach.

a) Full cgpabilities could be preferred at the-same time.

b) Training costs could be unacceptable for moving to the next version.

c) There [could be uncertainties\related to determining future requirements.

d) There [could be uncertainties with respect to planning the schedule release of the next version.
e) Configuration control'could be a problem.

f)  Inapprppriate-early use of a product prototype in production.

5.4.5.2.4.4 Opportunities

The opportunities such as listed below can be associated with the evolutionary approach.

a) Acquirer requirements for an early capability can be satisfied.

b) Customer feedback could be used to enhance the capabilities of a future version of the system.
c) The prototypes developed to satisfy an early milestone could have a use in the market.

d) Early introduction of a limited capability system could enable countering a competitor threat.

e) Take advantage of emerging technologies.
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5.3 Engineering view

5.3.1 General

3:2011(E)

Engineering is involved with a system in the early life cycle stages (concept and development) when it is being
studied, defined and created. Additional engineering is involved in later stages (production, utilization, support,
retirement) when unwanted and unexpected variations come about due to design errors or failures or new
requirements are provided because of technology, competition, or threat changes.

To engineer a feasible system solution during the concept stage, a system structure needs to be sufficiently
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risks are understood for the feasible system concept selected. When a parts list is an exit\c
mple required as part of a proposal or in order to prepare a creditable cost proposal), sufficien
ineering should be done to ensure that the parts list is complete and that the costs an

erstood.

engineer a system solution during the implementation stage a system needs to be deg
ropriate detail from the system-of-interest level down through successive (§ystem levels unt

kat the costs

riterion (for
tly detailed
i risks are

igned with
| a system

ment can be made, bought, reused or implemented by software. Each, system should be v
bts its specification requirements included in configuration descriptions from architectural
dated that it meets the acquirer and other interested party requirements) Each system element
sitioned to the acquirer where it can be assembled and integrated:inte a higher-level system thg
sitioned and validated. This action continues through successive levels upward to realize f{
tem-of-interest.

5 approach whether applied to the concept stage or the, implementation stage is typically calle

v of Figure 22. The top down, bottom up approachds”illustrated in Figure 23 and is identified
ature as the “Vee” diagram or model. This figure reflects the work products and actions expect
Lirsive application of the processes in Figure 190 define and realize the system structure.

ough the engineering “Vee” model of Figure 23 only shows four levels, the Stakeholder Re

applied to the system-of-interest, systems and system elements of a system structure, and tH
k products (specifications and vefification and validation plans) should be developed for each
tem structure as illustrated in Higure 19.

e box at the bottom of the_*Vee” in Figure 23 represents application of the Implementation Pro
p| of the system structure. The result is an implemented system element that can be a mathems
physical prototype-or the physical product to be transitioned to the acquirer. The actual
endent on the system life cycle stage and organization view exit criteria for a decision gate or m
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Figure 23 — The engineering "Vee" model
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The right side of the “Vee” in Figure 23 illustrates the application of the System Integration Process,
Verification Process, Transition Process and Validation Process to form higher-level systems. These
processes are applied recursively at each level to each system element, each system and finally the system-
of-interest. This illustrates that each system, including the system-of-interest, in the system structure should
be integrated and verified and validated against the configuration descriptions and other descriptive
documents of the corresponding system on the left.

Engineering efforts to correct variations or failures and to meet changed requirements are typically initiated at
a system level within the system structure and below the level of the system-of-interest. The same general
engineering approach using the “Vee” model is appropnate In this case, however the system affected is the
place in the system structure where th ffort

analysed as to how they could affect interfacing and interacting systems and the performance of the syst
of-interest.| Then the Stakeholder Requirements Definition Process, System Requirements Analysis-Proc
and System Architectural Design Process are used downward through successive levels of system struct
to define architectural solutions. After the system elements are implemented using the Implementati

Process, t
used upwg
engineerin

The engineg
exit criteria

e Integration Process, Verification Process, Transition Process and Validation, Process can
rd through successive levels to the system-of-interest. This approach is often| ¢alled middle

).

ering "Vee" model is used in each system life cycle stages as appropriate to meet stage entry
or to meet the organization view milestone or decision gate requirements. Such use is illustrate

Figure 24 by replacing the "engineering activities" identified blocks shown in{Figure 22 with the enginee

"Vee" mod
and can b

b| of Figure 23. There are points along the system life cycle when all functions have been defi
e captured in a configuration managed set of documents,cwhich are often called a functid

or
d in
[ing
ned
nal

es,

be
first
pfer

baseline. A similar point occurs when all functions have been allocated to hardware, software, process
procedureq, facilities, humans, or naturally occurring entities and an ‘analogous allocated baseline can
created. While other such baselines can be established, commonly only a third one is formed when the

production finstantiation of a system has been made. This is called’a product baseline, where product can rs
equally to a service, following the definition of a system in ISQ/IEC 15288:2008.

Representative outputs are provided for each application, of the “Vee”. These products are used to satisfy|the
requiremernts for the applicable milestone or decision+gate of the organization view (see Figure 22).

System life cycle stages

Concept Development | Production l Utilization | Support | Retirement |
S . Pre-
Liglt]:t‘;(lggsy S;T‘l,’iﬁﬂgr System prod:::tion Modifications
prototype prototype prototype m
Functional Allocated Production
baseline baseline baseline

Enaincerina.yi

Figure 24 — Engineering view with engineering "Vee" models
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5.4.5.3.2 Technical reviews

Technical reviews such as listed below should be conducted for each project as appropriate to the
engineering view used.

a) A review held prior to performing the Requirements Analysis Process to ensure that the stakeholder
requirements are complete, consistent with the acquirer’s intent, understood by the supplier and have
been validated. This review can prevent proceeding with a less than acceptable set of requirements.

b) A review conducted to consider all concepts looked at and to determine whether the preferred concept
has the potential of satisfying defined stakeholder requirements and is based on a set of viable, traceable
technical requirements that are balanced with respect to cost, schedule and risk.

c) | An evaluation of the established requirements baseline to ensure that the set of technical reguirements
are balanced with respect to cost, schedule and risk.

d) | An evaluation of the established functional baseline to ensure that the system definition i§ based on
achievement of technical requirements. It also could be used to ensure readiness to proce¢d with the
preliminary design of each system of the system structure.
e) | A review conducted for the preliminary design of each system of the (System structure to confirm that:
1) the specifications and other configuration descriptions aredefined appropriately;

2) the design solution is consistent with its acquirer’s requirements;

3) enabling system requirements are sufficiently defined to initiate enabling system implementations, as
required, or to acquire the applicable enabling systems;

4) approaches planned for developing designs for pre-production prototypes are appropriately planned;
5) risks are identified and resolution plans are feasible and judged to be effective.
f) | A review conducted for the detailed\design of each system of the system structure to demonstrate that:

1) specifications and drawings are appropriately defined to realize the design solutipn through
implementation or integration, as appropriate;

2) the design solution-is consistent with its acquirer requirements;

3) enabling system requirements to provide life cycle support have been adequately defined to initiate
enablingisystem implementation or acquisition, as appropriate.

g) | Reviews conducted prior to each scheduled series of tests on an implemented or integrated {est system
to ensure test readiness by confirming that all test related enabling systems are in place apd the test
enyironment is prepared to accomplish test objectives.

h) Reviews conducted prior to releasing each design solution for first system or batch production to ensure
production readiness by confirming that production enabling systems and materials are in place and the
production environment is prepared to accomplish production objectives.

After completion of the detailed design of each system in the system structure that is based on the allocated
baseline, and with proof that the production system is ready and other enabling systems are ready or are
expected to be available when needed, the system can be released for production. The system produced can
be a one of a kind, the first of a limited version or the first of many that will be produced.
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5.4.5.3.3

Configuration audits

Two types of configuration audits can be performed — functional audit and physical audit. These two audits are
described below.

a) A functional audit is used to demonstrate that system verification results compare favourably with the
specifications against which verification was performed and that planned verification procedures were
followed. This audit is also used to confirm that verification results compare favourably against
configuration documentation such as drawings, authorized changes and “as-built” or “as-coded” records.

A pre-

roduction prototype or the first system produced is typically used for verification. This audit sh

uld

be typ

b) A phy
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cally completed before release of the system for initial production.

sical audit is performed to examine the “as-built” or “as-coded” system against its configura
entation such as drawings, bill of materials, specifications, code lists, manuals;yverifica
ures and acceptance data. The “as-built” or “as-coded” system examined should bé/one or mor
t set of systems produced during the initial production. Selection of the systems t0 be used in
hould be done at random by the auditors. The purposes of the physical auditare‘given below:

confirm that the system has been realized correctly in accordanhce with its drawings
ecifications;

confirm that the information database represents the essential~set of work products or artefz
m the engineering effort;

confirm that required changes to previously completed specifications have been included;

confirm that enabling systems for future system lif€_cycle stages will be available, can be execy
d meet stakeholder requirements;

provide the basis for approval of further production of the system, if applicable.
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Annex A
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Notes for the application of ISO/IEC 12207:2008 processes
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5 annex provides users of ISO/IEC 12207:2008 with additional help for selection and-use
rnational Standard processes. This help is based on notes that could affect process’ se
lication.

b essential elements of each process in ISO/IEC 12207:2008 are the purpose/and set of outd
pose statement provides the overall rationale for the use of the process. The 'outcomes are th
ervable results from carrying out the activities of a process. The outcomes provided for each
/IEC 12207:2008 provide a benefit that motivates selection and execution of that process.
pw are intended to help in the application of process activities to realize the outcomes. Cros

e NOTES embedded within the clauses of ISO/IEC 12207:2008-are informative guidance mater
not constitute requirements of the International Standard. The'NOTES in ISO/IEC 12207:2008 a

larify the intent of the activity to which they are associated.and have the same status as those
annex.
E IEEE/EIA  12207.2-1997, Industry Implementation of International Standard ISO/IEC

D/IEC 12207) Standard for Information Technology <~ Software life cycle processes — Implementation co
used as one of the sources for the following notes:

. Agreement Processes (Clause 6.1)

Table A.1 — Acquisition Process (Clause 6.1.1)

:2011(E)

bf selected
ection and

omes. The
e expected
process in
The notes
5-reference

al only and
re intended
included in

12207:1995,
hsiderations,

Notes ISO/IEC ISO/IEC
15288 12207
a) | In order to properly accomplish the Acquisition Process activities and tasks, | g 1.1.3 6.1.1.3
applicable Qrganizational Project-Enabling, Project, Technical, Software
Implementation and Software Support Processes should be implemented, 6.2,6.3,64 |62,63,64
as appropriate. 71,72
b) | Typically in any acquisition situation there are several approaches or ways | 6.1.1.3a) 1) | 6.1.1.3.1
ofvdoing something. An approach or way that best achieves the overall
acquisition goals and constraints is desired. Considerations to include are:
1) After market opportunities.
2) Business unit policies.
3) Organization environment.
4) Financial resource availability.
5) Human factors.
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Notes ISO/IEC ISO/IEC
15288 12207
6) Improvement strategy.
7) Integration and interoperability.
8) Logistics (supportability).
9) Obsolescence.
10) Operational environment.
11) Producibility.
12) Safety.
13) Security.
14) Competition.
15) Sfakeholder goals.
16) Survivability.
17) Time-to-market constraints.
18) Potential risks for acquisition and supply.
c) Alldisgiplines affected by the system, software product, or software service 6.1.1.3.11
to be jacquired should be involved in concept definition. The operational
concept should be modified/updated periodically to reflect current needs.
The operational concept should address_the full life cycle (acquisition,
supply, implementation, operation, maintenance) of the system, software
produgt, or software service. The description of the operational concept
may be used to
1) obtain consensus among”/ the acquirer, supplier, implementer,
mpintenance, and usertagencies on the operational and maintenance
cancept for the proposed system and
2) help users understand and adapt to operational and maintenance
changes needed as a result of modifications to a currently operating
system undergoing reengineering, addition of new capabilities, or other
mpdifications.
d) The system requirements should be written at an appropriate level, based 6443142
on the level of knowledge about the operational concept and the system to
be acquired. The system requirements evolve as knowledge is gained by all
parties involved. Many methods are available for use in defining system
requirements (e.g., concept exploration, prototyping).
e) Definition of system safety and security requirements should also include 6.1.1.3.1.2
what the system must not do.
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Notes ISO/IEC ISO/IEC
15288 12207
f) In systems containing software with safety requirements, it may be 6.1.1.312

appropriate to apply IEEE Std 1228, IEEE Standard for Software Safety
Plans. RTCA DO-178B, Software Considerations in Airborne Systems and
Equipment Certification, may also be a useful reference.

g) In systems containing software with high dependability requirements, it may 6.1.1.3.1.2
be appropriate to apply |IEEE Std 982.1, IEEE Standard Dictionary of

Measures of the Software aspects of I')p,npnd;)hilify’ ta_formulate
quantifiable dependability requirements.

h) | The acquirer should ensure the resulting system requirements provide 6.1.1314
appropriate flexibility for designing, modifying, or expanding the delivered
system. For example, in appropriate situations, system requirements may
include an “open systems” approach. Alternatively, system requirements
may call for use of, or consistency with, a domain specific architecture or
the architecture of other software systems in the operating environment.

i) | The acquirer should solicit inputs from potential suppliers when considering 68.1.1.3.1.6
the options of 6.1.1.3.1.6.

i) | An acquisition plan is prepared using the Project Planning Rracess. 6.1.1.3 a) 6811318
6.3.1 g.3.1
k) | The acquisition plan should define the project Acquisition Process and 611318

should describe the relationship of the project’'s Acquisition Process to the
organizational acquisition process.

[) | For 6.1.1.3.1.8 d), the supplier is responsible for coordinating the contract 6.1.1.3.1.8
with subcontractor(s). If the project uses multifunctional teams, the acquirer
and subcontractor(s) may also be team*participants.

m)| The acquirer should establish‘and document in the acquisition plan a 611318
software measurement program. The program should be used to effectively
plan and track software-'activities and tasks across the life cycle; aid in
managing cost, schedule, quality, and technical risks; and integrate
software measurement: with existing program management and software
programming disciplines established for the project.

n) | Since acceptance of the product or service usually relieves the supplier of 6811319
contractual-responsibilities, the acquirer should carefully consider the
acceptance strategy and conditions. Factors to consider include:

1), the extent, requirements, and location of implementer-performed
qualification testing:

2) support for acquirer-performed operational testing;

3) establishment of an appropriate maintenance concept, including
spares, support equipment, etc.;

4) interim supplier/implementer support;
5) successful software installation and transition to a maintenance activity;

6) training; and
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Notes

ISO/IEC
15288

ISO/IEC
12207

7) warranties.

The period of contractual responsibility, as well as obligations of the
supplier following acquirer acceptance, should be defined.

The acquirer should specify the level of acquirer participation throughout
the supplier's project execution to provide the required software product or
service

6.1.1.3.1.10

The agquirer may request, in the request for proposal (RFP), access to
project plans and planning data, proposed processes, standards, and
practides. Access may be requested for

1) eyaluation and reference during supplier selection and during
implementation/maintenance/operation and

2) suUpport after transition, if necessary.

When |appropriate to project characteristics, acquirer review of plans and
other gpecifically identified procedures, practices, and work products should
occur |[during source selection and contract negotiations. In some-Cases,
review|may take place after contract award.

6.1.1.3.1110

The ag¢quirer may specify in the RFP use of ISO/IEC 12207:2008 and other
criterig as the basis for evaluation of supplier processes{and plan(s) and
make [the evaluation criteria known. When more than one standard is
specified as a basis, a clear order of precedence should be established in
order fo prevent conflicting interpretations.

6.1.1.3.1110

The acquirer should use the draft RFP ¢process to elicit inputs from
suppliers to refine requirements and contractual considerations.

6.1.1.3.1110

In the |RFP, the acquirer should request the description of a framework for
capturlng software measures.-“The software measurement framework
should define a flexible measurement process that directly supports the
softwafe life cycle process and related tasks and activities as implemented
for the| project. The measurement process should be based on the selection
and apalysis of appropriate software measures to address the specific
project software isslies, constraints, and objectives as determined by the
acquirer and supplier. Software measurement data should be made
available, preferably by automated data access methods, to the acquirer
and sypplieras part of the acquirer-supplier agreement.

6.1.1.3.1110
6.3.7

t)

The acquifer should include in the RFP the definition of the need for

6113110

independent validation and verification, joint reviews, audits, and the
process to be used to flow information to the acquirer from the
operations/maintenance/implementation processes.

Performing organization, as intended in this clause, refers to the acquirer or
supplier organization, not the functional organization (e.g., configuration
management, quality assurance) within either.

6.1.1.3.1.11
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The acquirer should review the established documentation standards and
the proposed project-specific application of the supplier and determine if the
proposed documentation will meet the acquirer's needs. If the acquirer
needs additional or different documentation than that offered in the
supplier's proposal, all affected parties should come to an agreement
regarding the documentation during contract negotiation or establish a
framework for post-award agreement.

6.1.1.3.1.11

The purpose of the acquirer's adaptation of the standard is to specify the
scope of activities to be covered by the contract. The process framework of
ISO/IEC 12207 can be very helpful in achieving effective communication
between acquirer and supplier regarding the activities to be performed in
the anticipated work.

.1.1.3.1.11

When appropriate to project characteristics, acquirer review of plans and
other specifically identified procedures, practices, and work products shoduld
occur during source selection and contract negotiations. In some cases,
further refinement and review may take place after contract award.

.1.1.3.1.11

y)

The acquirer should only acquire life cycle data that it expectstoyuse during
the contractual period or afterward. Information items described in ISO/IEC
15289 should be tailored to their component level to avoid developing and
acquiring useless data. Deliverable data should have-content, location,
format, media, and packaging that is appropriatesfor the organization or
project where they are developed and recorded.” The acquirer should
ensure the delivered data meet the intended needs.

.1.1.3.1.11

Software review schedules should support system-level and milestone
reviews. Contract milestones should be based on clearly defined entry and
exit criteria.

.1.1.3.1.12
.2.6
2.7

aa)

Typical solicitation documents\include: acquisition request (for example
request for proposal, requestfor bid, request for information, and request
for quote), memorandunraofiintent, offer or directive.

6.1.1.3 b)

DI~ N

.1.1.3.2

bb)

Evaluation criteria.\may include compliance with national standards,
International Standards, including ISO/IEC 12207, and process maturity.

@)

.1.1.3.3.1
.1.1.3.1.13

cc)

Other factors for consideration include capability/maturity, domain
expertise,<past performance, financial stability, commitment to continuous
improvement, location, and staffing.

.1.1.3.3.2

dd)

\Whenever possible for a formal contract situation involving outside

6.1.1.3 c)

6

supptiersthepotentiat-supptiers meedtobe-invotved-imthedefinitionmrof the
acquisition request document to provide an optimum match of stakeholder
needs with system requirements.

.1.1.3.4

ee)

In some cases, the requirements in 6.1.1.3.4.1 may be inappropriate or
difficult to implement. The following is provided as a means of achieving the
intent of the clause. Acquirer adaptation should be applied only to define
the scope of work to be acquired. Rather than develop a unique adaptation
for a project, the acquirer should solicit proposals based upon suppliers’
organizational processes and evaluate the suppliers’ proposed processes.

6.1.1.3.4.1
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ff) The acquirer should identify for the supplier the retention period for records, 6.1.1.34.2

either directly or indirectly by reference to other legal requirements.

gg) Acquisition requirements should also address the trade-offs between cost, 6.1.1.34.2
schedule, performance, safety, product quality level, etc.

hh) The acquirer should establish with the supplier a means for controlling and 6.1.1.3.4.2

making-changes-to-both-contractualrequirements—andreguirements—of-the
f I | |
e

delivered system or service.

i) The afquirer should define requirements and preferences and negotiate 6.11.3.412
with thie supplier to define

1) what information should be delivered to the acquirer,
2) what information should be accessible to the acquirer,

3) what information requires approval from the acquirer when first created
or subsequently modified,

4) any format and content requirements for the information, and

5) when information should be produced.

i) The inyestigation of the impact of changes to the contractsshould include all 6.1.1.3.413
potent|al significant risks.

kk) Chandes to the contract should not be used as.,a method to force changes 6.1.1.3.413
in a supplier's organizational processes.

I) The lgvel of formality of the monitoring should be clearly established at a | g 1. 1.3 d) 6.1.1.3.5
level appropriate to the scope and context of the agreement, including

mutua| responsibilities, frequency and mode of monitoring and ways of 6.4.8
gaugir|g acceptable execution of-the‘agreement. 726
Relevdgnt processes include.the Software Acceptance Support, Review, 727
Software Audit, and Software Problem Resolution Processes. 728
mm)The [acquirer should have the opportunity to examine the 6.1.1.3.511
supplig¢r’'s/implementer's/maintainer’s/operator’'s processes for

implementing; 'modifying, or otherwise supporting the system/software to
ensurg cost-effective expenditure of resources and a quality product that
meets|user needs within project cost and schedule constraints.

nn) The acquirer and supplier should both participate in joint reviews. The 6.1.1.3.5.1
requirements/responsibilities of all parties involved in joint management and
joint technical reviews should be documented.

00) One or more methods may be used to monitor supplier's activities. These 6.1.1.3.5.1
methods include software measurements, integrated product teams, on-site
or remote access to digital data, and joint reviews.

pp) The acquirer may use data from the supplier's software measurement 6.1.1.3.5.1
program as input to its own software measurement program for supplier
monitoring.
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qq) Arrangements should be established to ensure both the acquirer and the 6.1.1.3.5.2
supplier cooperate to provide necessary information and work together to
resolve problems and risks.
rr)  Establish who is authorized to accept each distinguished product or service | 5. 1.1.3 ¢) 6.1.1.3.6
and on what basis, including applicable Qualification, Verification and
Validation Processes. 6.4.6 6.4.6
648 6.4.8
n1.7
7.2.3
72.4
7.2.5
ss)| The acquirer should consider including the user in preparation for 6.1.1.3.6.1
acceptance testing. Depending on the life cycle support plans for thé
system/software, the acquirer should also include operations and
maintenance organizations in preparation for acceptance testing.
tt) | The results of other processes (e.g., qualification test,-verification, 68.1.1.3.6.1
validation) may be used as part of acceptance and completion:
uu)| Depending on the nature of the product developed, thelacquirer may accept 6.1.1.3.6.2
only the software product, the software product.and’ associated computer
hardware, or the entire system, which includes embedded software.
vv)| As specified in 6.1.1.3.6, the acquirer detefmines the acceptance strategy. 6.1.1.3.6.2
The acquirer may elect to perform separate acceptance testing and review
with implementer support, task the imiplementer to perform all testing and
base acceptance upon adequate review of the implementer’s test results, or
some variation.
NOTE IEEE Std 1062, /[EEE Recommended Practice for Software Acquisition, provides additionpl guidance

regarding the Acquisition Precess, including supplier selection.

Table A.2 — Supply Process (Clause 6.1.2)

Notes ISO/IEC ISO/IEC
15288 12207

a) | Im,order to properly accomplish the Supply Process activities and tasks, | g 123 6.1.2.3
applicable Organizational Project-Enabling, Project and Technical, Software
Implementation and Software Support Processes should be implemented, 6.2, 63,[6263,64
as appropriate. 6.4 71.72

b) A solicitation is typically from an internal or external business unit (it can be | 6 123 a) | 6.1.2.3.1
internal to the project). The solicitation does not need to be formal.

c) Alternatively, business units conduct market research in order to establish | 5123 3) |6.1.2.3.1
the opportunities available within a particular business sector.

d) A supply plan is prepared using the Project Planning Process. 6.3.1 6.3.1
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Typically in any supply situation there are several approaches or ways of
doing something. An approach or way that best achieves the overall
organizational and supply goals and constraints is desired. Considerations
to include are:

1) Applicable legislation and regulations that apply to the supplier.

6.1.2.3b)

6.1.2.3.2

2) Business unit gnqlq

bmpetition.

C
4) Organization environment and policies and procedures.
Resource availability.

R

blated management, technical and resource risks.

f)

Preferably, a project’'s implementation of ISO/IEC 12207 should be specified
with rgspect to the organization’s claim of conformance to ISO/IEC 12207,

6.1.2.3.2.1

The supplier should obtain inputs from the implementer, operator,
maintdiner, selected support, and organizational entities, as applicable, to
assist |n proposal preparation.

6.1.2.3.2.
6.1.2.3.2.3

The proposal is a means for the supplier to propose the‘defined processes
of the pupplier’s organization or to recommend contract.considerations (e.g.,
contratt type, life cycle considerations, milestones).

6.1.2.3.2.2
6.1.2.3.2.3

Whengver possible for a formal contract situation involving a primary and
supporting suppliers the potential supportingcstppliers need to be involved in
the dgfinition of the tender response and"supply agreement negotiation,
directly, indirectly, or both, to provide afJoptimum match of capabilities with
system requirements.

6.1.2.3 b)
6.1.2.3 c)

6.1.2.3.3

The software life cycle model selected should be jointly agreed upon by the
acquirer and the supplier\The software life cycle model(s) should be
constructed with the agctivities and tasks of the supply, implementation,
operatjon, maintenance,  and applicable supporting and organizational
procegses, even if only one of the aforementioned primary processes would
be exgcuted.

6.1.2.3.4.2

k)

Typically, a-project premise is that the organization’s selected and approved
life cycle’models exist and are available for use by the projects. The
organigation, using clause 6.2 of ISO/IEC 12207:2008, has determined and

6.1.2.3.4.2

documented its business requirements and has determined the life cycle
model for use to support the business. A project then selects which life cycle
model to use based on the need of its project(s). The project, based on its
project plan, will map the activities and tasks to the life cycle. The mapping
of the activities and tasks of the Technical and Software Implementation
Processes to the selected life cycle model should be accompanied by the
relevant Software Supporting Processes. This mapping is required for each
iteration or pass through the incremental and evolutionary models. Other
project activities should also be mapped to the model.
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) The supplier should establish the framework for capturing software 6.1.2.3.4.3
measures consistent with the acquirer's guidance in the RFP. This
measurement framework should directly support the project software life
cycle process and related tasks and activities. It should provide an overall
structure for identifying and prioritizing software issues, selecting appropriate
measures to address the identified issues, integrating the measurement
requirements into the engineering and management processes, analyzing
and reporting the measurement results, and taking appropriate action. The
measurement framework should be implemented to support supplier and
acquirer information throughout the project life cycle and should address the
analysis of the feasibility of the project plans and the tracking of project
performance against the plans.
m)| In developing and documenting project management plan(s), the supplier 6.1.2.3.4.5
should obtain support from the implementer, operator, maintainer, selected
support and organizational entities, as applicable, based on organizational
processes conforming to ISO/IEC 12207.
n) | The supplier should list the areas and levels of acquirer participation in the 6.1.2.3.4.51)
Supply Process as specified in the contract (e.g., review of project plans,
testing). This information should be added to the appropriaté-sections of the 6.1.2.3.4.5))
project management plan.
0) | The software measurement framework established/in'6.1.2.3.4.3 should be 6.1.2.3.4.5n)
used to capture data.
p) | The supplier's processes for the project should’'be specified with respect to 6.1.2.3.4.5
the supplier’s organizational processes andpolicies.
q) | The supplier should record the trafsition strategy and approach in the 6.1.2.3.4.5
project management plan(s).
r) | The project management platn(s) should be updated/modified, as needed, to 6.1.2.3.4.6
reflect changes in requirements, policies, and procedures.
s) | The acquirer shouldtbe kept informed of updates to the plan(s). 6.1.2.3.4.6
t) | Each of the (listed processes are implementations of the respective 6.1.2.3.4.7
organization’s\processes.
u) | The level of formality of the monitoring should be clearly established at a | 6 1.2.34) | 6.1.2.3.4.8
level “appropriate to the scope and context of the agreement, including
mutual responsibilities, frequency and mode of monitoring and ways of 6.4.8
galging acceptable execution of the agreement 796
Relevant processes are the Software Acceptance Support, Software 7.2.7
Review, Software Audit, and Software Problem Resolution Processes. 728
v) Risk management should be included in the ongoing activities. 6.1.2.3.4.8 a)
6.3.4
w) The supplier should use the Software Problem Resolution Process (7.2.8). 6.1.2.3.4.8 a)
7.2.8
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X) The software measurement framework established in 6.1.2.3.4.3 should be 6.1.2.34.8
used for capturing data.

y) The subcontract should define only those tasks the subcontractor is to 6.1.2.34.9
perform and flow down only those requirements from the prime contract that
are applicable to the work the subcontractor is to perform.

Z) When ~the Qllpplinl“ passes rnqllirnmanfe down—to ellhr\nnfranfnr(e), the 6429349
supplying contractor assumes the role of an acquirer, and the subcontractor | | N
assumes the role of a supplier. The resulting acquirer-supplier relationship is
distincf from the existing higher-level acquirer-supplier relationship. This
illustrates the principle that “acquirer” and “supplier” refer to roles that may
be asqumed by various parties applying ISO/IEC 12207 and that a particular
party rhay assume several different roles.

aa) The agquirer or supplier may employ independent verification and validation 6.1.2.3.4.10
(IV&V) or test agents. These agents may evaluate the work of the suppliers
and sulibcontractor(s). To ensure that IV&V and test agent resources are
used rhost effectively, it is important for these agents to receive the propér
training and experience in the processes, tools, and techniques used by the
organigation evaluated.

bb) The sppplier should coordinate contract review activities, interfaces, and 6.1.2.34.12
communication with the acquirer's organization as definedyin the project
management plan(s).

cc) If the| project utilizes multifunctional teams [e.g.,“Wwithin the supplier's 6.1.2.3.4.13
organigation or between the supplier and subcontractor(s)], the acquirer’'s
participation should be clearly identified and“understood by all team 6.1.2.3.4.14
participants. For example, the acquirer may be a passive observer of all 6.1.2.3.4.15
team activities, occasional visitor, active-participant, or chairman and final
authorjty of all team decisions. 6.1.2.3.4.16

dd) Establlsh who is authorized to accept each distinguished product or service | 5 12.3¢) | 6.1.2.3.5
and on what basis, including._applicable Qualification, Verification and
Validation Processes. 6.4.6 6.4.6

6.4.8 6.4.8
71.7
7.2.3
724
7.2.5

ee) The supptier—should—Tecord—thetransitiom—strategy and—approach—nm—the 51235

project management plan. 61236
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A.3 Organizational Project-Enabling Processes (Clause 6.2)

Table A.3 — Life Cycle Model Management Process (Clause 6.2.1)

Notes ISO/IEC ISO/IEC
15288 12207

a) In selecting processes for application within a system life cycle stage some of | 52 1.3a) |6.2.1.3.1
the processes of ISO/IEC 12207:2008 may not be applicable for an
organization. In this case, such processes are expected to be not included in | 6-2.1.3b) | 6.2.1.3.2

ortaanizational ctandarde nalicaine And e~~~ iene A AthAar At maadia e

SrgafiZatoRa-StahaarasS,—PoHtIeSaRa—ProceaureS—oomeraireetiveMeata— T rnRnex A Annex A
cases where the organization desires that certain activities of a process be part
of directive materials, these selected activities can be included as part of the
definition of other processes or an entire process could be subordinated to an

activity level under another process.

b) | New Project Processes can be formed or an activity under one of the system life.| g 2.1.3a) |6.2.1.3.1

cycle processes can be elevated to the process level.
6.2.1.3b) |6.2.1.3.2

Annex A

¢) | Standardization of life cycle processes within a business ufit."can vary. | 62.1.3b) |6.2.1.3.1
However, organizations typically encourage all projects and functional business
units to use common practices and standards where it is advantageous to do 6.2.1.3.2
SO.

d) | Definition of standardized processes includes related methods and tools to be | 52 1.3 b) |6.2.1.3.1
implemented in projects in accordance with{organizational policies and
procedures and investment decisions. 6.2.1.3¢c) |6.2.1.3.2

6.2.1.3.3

e) | Appropriate disaster recovery procedures” are typically established for all | 62 1.3p) |6.2.1.3.2
Organizational Project-Enabling Processes and databases.

f) | ISO/IEC 15504, Process assessment, provides a detailed set of activities and | 62 1.3 b) |6.2.1.3.2
tasks for process assessment.

Table A.4 — Infrastructure Management Process (Clause 6.2.2)

Notes ISO/IEC ISO/IEC
15288 12207

a) | Typically“infrastructure is established based on: organizational strategic plan, | § 2234a) |(/6.2.2.3.2
capabilities, resources, risk levels, value to the customer, and technology
policies. For a business, payoff goals, market segment, market position,

muactoaant and AamanAtith A A Aanta~NA Ara Ao fantara
TV oSttt CoOmpCttvCatvartagCarcarsOTattors:

b) ltis critical to establish, use and continually refine metrics that show how well | 223 p) |6.2.2.3.3
the infrastructure is supporting the needs of the organization in executing its
mission, using resources that have demonstrated expertise in this area.
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Table A.5 — Project Portfolio Management Process (Clause 6.2.3)

Notes ISO/IEC ISO/IEC
15288 12207

a) The Project Portfolio Management Process sets the environments for | §2333) |6.2.3.3.1
organizations in which multiple ongoing projects are accomplished to include
applicable strategic and tactical plans, system and software life cycle models,
and policies, procedures and standards. In addition the process establishes
constraints for technologies, product lines, and project management aids and
provides communication paths with which projects interact with each other and
the organtzation.

b) Policigs and procedures that support and direct projects that perform the | § 23 3p) |6:2.3.4.2
servicgs and produce the organizational products, services, or both, should be
evaluied on a regular basis. Changes to policies and procedures are
evalugted to ensure that continuous improvement of organizational maturity for
satisfyjng its strategic and tactical objectives is realized.

c) The integrity level for different software produced in projects can require {62.33p) |6.2.3.4.2
separgte sets of policies and procedures.

d) Appropriate management aids are typically established to enable availability of | 5 2334a) |6.2.3.4.1
valid information for directing and enabling projects including projeet’ status,
standdrdized automated tools, organizational products available for.reuse, and | 6-2.3.3b) | 6.2.3.3.1
the stptus of emerging technologies and related market opportunities and 73
threatg and the information databases in which captured daid and documents
are wgrehoused.

e) Itis cntical to establish, use and continually refine metrics that show how well | g2 3 3 b) |6.2.3.3.2
projects, individually and in the aggregate, are achieving their objectives and
those pf the organization, using resources that have demonstrated expertise in | 6.2.3.3¢) | 6.2.3.3.3

this area. 6.3.7 6.3.7

Table A.6 — Human-Resource Management Process (Clause 6.2.4)

Notes ISO/IEC ISO/IEC
15288 12207
a) This Qrganizational Rroject-Enabling Process includes establishment of human | 5 2 4 3 6.2.4.3

resourfe services“that enable organizations to achieve their goals and
objectives within< legal, financial and other constraints and agreement
requirgments.

b) Human resource services include, but should not be limited to: 6.2.4.3a) |6.2.4.3|1

6.243b) |6.24.3.2
6.243c) |6.24.33
6.24.3d) |6.2434

1) Resource acquisition.
2) Skill assessment.

3) Skill development.

4) Skill measurement.

5) Effective skill deployment to organizational needs.
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6) Direct and indirect compensation.
7) Knowledge capture, storage and re-deployment.
¢) The infrastructure and skill mix of personnel in projects, individually and in the | 5243 a) |6.2.4.3.1
aggregate, ought to be reviewed for consistency with organizational strategic
and tactical objectives. 6.24.3b) |6.24.3.2
6:24:3Tty—T76.2.4.3.3
Table A.7 — Quality Management Process (Clause 6.2.5)
Notes ISO/IEC ISO/IEC
15288 12207
a) | This process is consistent with establishment of quality management | g o 5 6.2.5
approaches that lead to conformance with ISO 9001.
b) | This process provides a sufficient level of confidence that system and service | 253 3a) |6.2.5.3.1
quality attributes for each project are adequately definedCand activities are
effectively and efficiently managed so that customer requirements are met and | 6.2.5.3 b)
other parties interested in organizational success are satisfied.
c) | The Software Quality Assurance Process is use€d t0 provide assurance that 723
work products and processes comply with predefined provisions and plans.
d) | The Verification, Validation and Audit Processes can be used to aid with quality | g 4 6 724
assurance.
6.4.8 7.2.5
7.2.7
A.4 Project Processes (Clause 6.3)
Table A.8 — Project Planning Process (Clause 6.3.1)
Notes ISO/IEC ISO/IEC
15288 12207
a) | The_Project Planning Process defines the necessary plans to support other
processes. For example, to
1) arrive at an investment decision, 6.2.3.3 a) 6.2.3.3.1
2) prepare a responsive response to a solicitation, 6.1.2.3b)2) | 6.1.2.3.2
6.3.1.3b)6) | 6.3.1.3.2
3) determine whether to proceed or continue work to satisfy the | §2.33¢) 6.2333
requirements of a specific organizational model stage entry/exit criteria,
4) guide the work required to meet the requirements of an established | 63 1.3 p) 6.2.3.32
agreement, or
6.3.1.3 c)
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5) re-plan the work. 6.3.1.3a)1) | 6.3.1.3.1
6.3.1.3b)2) | 6.3.1.3.2
b) Plans are constrained by organizational goals and objectives and stakeholder | § 3 1.3 p) 6.3.1.3.2
needs.
c) Plans include the scope, tasks, methods, tools, measures, risks and | g 313 6.3.1.3
resourees for Qpplir\ohln cycfnm or e\]/cfnm elemaent |mp|nmanf9+ir\n,
Integration, Verification, Transition and Validation Processes, so that each 6.2.4 6.24
contingency option can be efficiently and effectively used. 6.3.4 634
6.4.7 6.4.7
711
7.1.6
724
7.2.5
d) Re-plgnning is typically initiated 1) when required by an agreement, 2)\when | g 3 1.3 a) 6.3.1.3.1
signifigant variations or anomalies are identified from other process odtcomes
or 3) Hefore implementation of the next engineering view or organization view | 6-3.2 6.3.2
stage felated to the system life cycle model selected by the organization
e) Contingency options are used in a plan when there are)known risks or | 63 1.3a)1) | 6.3.1.3.1
opportunities (for example significant changes in “<dbudget, schedule,
requirements or technology, or resource availability)\that can cause the 6.3.4
project or work effort to be redirected.
f)  Plans should be adapted as to the level and formality to suit project or work | g.3.1.3 ) 6.3.1.3.1
complexity, uncertainty and resources including funding.
6.3.1.3b) 6.3.1.3.2
g) A work breakdown structure (WBS) of.the system structure and applicable | 6.3 1.3 a)4) | 6.3.1.3.1
non-system-structure-specific related- Project Process activities is often |
established. Non-system-structurexrelated Project Process activities include 6.3.2 6.3.1.3.2
project planning, assessment.-and control, risk management, decision | g3 3 6.3.2
management, configuration, management, information management and
measyrement. 6.3.4 6.3.3
6.3.5 6.3.4
6.3.6 6.3.5
6.3.6
h)  The injtial WBS should be based on the system structure and the system life | 6.3 1.3 a)4) | 6.3.1.3.1
cycle precesses. A WBS typically evolves to identify tasks and work packages s
associated with the specific system In parallel with the technical definition of 6-3-15.2
the structure in which the system exists.
i) The items 1) through 4) below should be helpful for determining project | 3 1.3 b) 6.3.1.3.2
schedules, staffing requirements and resources requirements:
6.2.4 6.2.4
1) Key events required to meet technical requirements (for example | 6313 p) 6.3.1.3.2
technical review, production readiness review, verification, modification
decision review).
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2) Primary tasks related to accomplishing entry and exit criteria of each key | §.3 1.3 ) 6.3.1.3.2
event (for example define stakeholder requirements, complete technical
or management review package, conduct test).
3) Support tasks that enable the staff accomplishing primary tasks to meet | .3 1.3 p) 6.3.1.3.2
their objectives, for example
6.2.4 6.3.1.3.3
i) nnqnirn resQurces, nqnipmnnf and fnr‘iliﬁne, 6.2.4
ii) acquire appropriately skilled personnel for accomplishing the primary
tasks, and
iii) arrange travel.
4) Management tasks required to direct, monitor, review and approve the’| 6.3.1.3 c) 6.3.1.3.2
primary and support tasks (for example serve as chair of a technical
review, review and approve documents for transmittal to the customer,
attend management review, and decide whether to do a technology
refreshment, technology insertion or retire the system).
j) | After approval by the appropriate authority the projectDschedules are | 631.3p)1) | 6.3.1.3.2
considered a baseline subject to change control in, accordance with
organizational policies and procedures. 6.3.1.3b) 2)
k) | After approval by the appropriate authority the ‘planned budget is typically | §3 1.3 p)3) | 6.3.1.3.2
considered a baseline subject to change contrekin accordance with business
unit policies and procedures.
) | Plans can be individual documents in a\collective document or captured inan | 6.3 1.3 p)6) | 6.3.1.3.2
electronic media for access by appropriate participants. A plan is an initial
output of a process that enables the process to be efficiently and effectively
accomplished. A plan shouldwbe made using appropriate Project Planning
Process activities.
Table A.9 — Project Assessment and Control Process (Clause 6.3.2)
Notes ISO/IEC ISO/IEC
15288 12207
a) | Formalized methods for cost and schedule management exist. Examples | g 3 2 3 a) 5.3.2.3.3
include:
1) Design-to-cost (used to establish a cost requirement equivalent to other
system performance requirements).
2) Event-based scheduling used to establish events (for example
milestones), significant activities and tasks related to an event, and the
criteria by which completion of activities or tasks are determined.
3) Earned value (used to define the budgeted cost of the work performed
and make comparison to the budgeted cost of the work scheduled and
the actual costs of work performed to determine estimates at completion
and cost and schedule variances).
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b) Appropriate analyses and assessments are conducted to: 6.3.2.3 a) 6.3.2.3.1
1) Determine the continuing consistency and relevance of project plans 6.3.2.3.3

(management and technical).

2) Determine project technical progress using defined technical metrics
based on estimated achievement and milestone completion.

3) Determine effectiveness of the project team technical roles and
stfucture using where possible objective measures such as technical
aghievement and efficiency of resource use.

4) Determine the adequacy of team member technical competencies and
sKills to satisfy technical roles and accomplish technical tasks.

5) Determine the effectiveness and value of supporting training.

6) Determine the adequacy and availability of the technical infrastructure
and services at defined intervals to confirm that intra-organizational
cgmmitments are satisfied.

7) Determine the quality and progress of the design of system and
enabling system services.

8) Determine technical variances with project estimates and identify
vgriances to cost, availability and performance specifications.

9) Eyaluate the effectiveness of technical datagathering, processing and
dissemination.

10) Determine technical variations bétween expected results and
agsessment results to detect trends’and identify root causes.

11) Determine the quality of technical data gathered, the value of the
information derived, its timeliness, completeness, validity, confidentiality
(iflrequired) and its benefit to recipients.

c) The Project Assessment-Process should be used to select, assess and | 323 g) 6.3.2.3.
collect| system and_process measures to provide information for support of
project management. Specifically it includes determining: 6.3.2.3.3

1) Progress:of the project.

2) Information for risk resolution.

3) Meaningful financial and non-financial performance.

4) Effectiveness and risk information for doing trade-off analyses and
providing recommendations on actions to take and resulting impacts.
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d)

Use of the Project Assessment Process aids management decision making
by providing information that results from monitoring and analyzing project
work to determine:

1) Progress and achievement against plans (work productivity) and against
technical requirements (product quality).

6.3.2.3a)

6.3.2.3.1
6.3.2.3.3

9) Adherence to Inr:\(‘fim:\q and Ir\rnr‘mrhlrfaq

3) Readiness to proceed to the next stage of the organization view
(through decision gates or milestone reviews) or to the next level of the
system structure.

4) Effectiveness, risks and opportunities associated with alternatives
available to decision makers.

5) Trade-off analyses results to include recommended course of ‘action
and impacts of each on cost, schedule, performance and risk.

Product measures assess progress and achievement against ‘system and
other work product technical requirements.

6.3.2.3a) 1)
6.3.2.3a) 4)
6.3.2.3 a) 6)

5.3.2.3.3.1

f)

System measures (also called product measures) are used to assess
stakeholder satisfaction and to deliver an ewver-improving value to the
acquirers of project products and services:)These measures also are
indicative that the design process is continuing in the direction of an
acceptable solution. An example of an input system measure is the skills of
assigned project personnel. Examplesof output measures include: customer
complaints, in-service failure reportsZand technical performance measures
(TPM). A TPM is a measure used to assess design progress, compliance to
performance requirements, and’ technical risks for critical performance
parameters. Selection of APMs should be limited to critical technical
thresholds or parameters that, if not met, put the project at cost, schedule, or
performance risk. A TPM provides an early warning of the adequacy of a
design in terms. 0f satisfying selected critical technical parameter
requirements. The) TPM includes the projected performance, such as a
growth curve with thresholds of acceptable variance. Performance of the
system or system element is tracked through the life cycle and compared to
the projected and required values. Early in the life cycle the performance
values.'may be estimated, based on simulation and modelling. As the life
cycle proceeds, actual data replaces estimates and add to the fidelity of the

information. This measurement of the design solution as it evolves allows
action to be taken pnrly inthe Process, rather than wait until chfnm fnc‘ring

6.3.2.3a) 5)
6.3.2.3 a) 6)

5.3.2.3.3.2

to address.

The planned times, and actual or estimated labour, and service costs should
be collected and evaluated and compared against baseline budgets and
current forecasts.

6.3.2.3 a) 5)
6.3.2.3a) 8)

6.3.2.3.3

The outcomes of a productivity assessment (progress satisfying plans)
provide status information to enable efficient use of resources, evaluation of
progress against plans, identification of variances of cost and schedule from
planned project baselines and early identification and resolution of
productivity problems.

6.3.2.3a)2)
6.3.2.3 a) 6)

6.3.2.3.3
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i) When variations are significant or cannot be corrected by re-performing the | g 3.2 3 a) 4)
process tasks that generated the outcome data, the project planning process
is re-initiated in order to plan and implement appropriate corrective actions. | 6-3.2.3 a) 5)

6.3.2.3 a) 6)

j) Measures are identified and used to assess the efficiency of the scheduled | g 3.2 3 g) 5)
work. Example measures include earned value (cost/schedule measure),
number of engineering changes, percentage of lines of code completed,
rewor percentage, idle time (for example WOTK In progress), change rate
and turnover in personnel. The criteria for process measure selection are
based|on how well enhancement in project performance correlates with
improyement in potential customer satisfaction with respect to cost,
scheduile and risk.

k) Measyres are defined and used and the data is gathered to permit | .32 3a)5) | 6.3.2.3.3
assessment of customer satisfaction.

) Techncal reviews, audits and inspections are conducted against technical-| 6323 a)6) | 7.2.3
plans |n accordance with defined schedules to demonstrate conformance’of
actiong and outcomes to planned technical work. 7.2.6

7.2.7

m) Typicdl review objectives include determination of: 6.3.2.3a)6) | 7.2.6
1) System maturity and how well the solution satisfies reqairements.

2) Traceability of requirements, the validity of assumptions and decision
rationale.

3) Identification of un-resolved issues and those issues not determined
during project work.

4) Related risks, needed resources(_and adequacy of preparation for
cgnducting the next system life-gycle stage.

n) System-of-interest level reviews can be done in conjunction with an | §32 3 a)6)
organigation view milestonefidecision gate or quality review.

0) Non-conformance of deliverable work products, services and processes | 63.2.34a)7) | 6.3.2.3.
ought to be recorded\and appropriate actions recommended to correct the
out-of-conformanté-condition. 6.3.2.3 a) 8)

6.3.2.3a)9)

p) Use of the Project Control Process aids the capture and management of | 532 3 p) 6.3.2.39
outcomes_Afrom project management and technical work including the
redirection of that Work t0 overcome obstacles, 10 respond to changing
circumstances or to correct variances.

a) Requirements management is done in parallel with cost, schedule, quality, | 53 2.3 b) 6.3.2.32
configuration, interface, risk and change management activities that track
compliance of project agreement and technical requirements.
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Notes ISO/IEC ISO/IEC
15288 12207

a) The types of trade-off analyses typically performed during performance of | 3 3 3 a) 6.3.3.3.1
life cycle processes include:
6.3.3.3b) 6.3.3.3.2

1) Formal — formally conducted, with results reviewed at technical reviews.
Specific formal trade-off analyses are normally identified in an
agreement.

2) Informal — follows the same methodology of a formal trade-off analysis
but requires less documentation and is of less importance to the
acquirer.

3) Judgmental — selection of a recommended option, based on judgement
of the analyst or designer after a less rigorous analysis than that
required by a formal trade-off analysis and for which the consequences
are not as important. Used when one option is clearly superior to othéers
or time is not available for a more formal approach. Most trade-off
analyses performed are of the judgmental type.

b) | Trade-off analyses are conducted throughout implementation ‘of'project and | . 3.3.3 3) 2) | 6.3.3.3.1.3
Technical Processes to resolve conflicts (such as conflictingrequirements)
and select a recommended solution from a set of defined-alternatives (such | 6-3.3.3b) 1) | £.3.3.3.2.1
as optional actions to take for risk resolution, resolutions for requirement | g 3 3 3 c) 5.3.3.3.3
conflicts, alternative logical architectural design Solutions and alternative
physical architectural design solutions). Outcomes.from a trade-off analysis
include the recommended option, implementation considerations, impacts
related to each option, basis of recommendation and assumptions made.

Table A.115— Risk Management Process (Clause 6.3.4)

Notes ISO/IEC | ISO/IEC
15288 12207
a) | Risk managementsshould not be viewed as an extra activity, as an activity | g 3.4.1 6.3.4.1

layered on assigned work or as an activity outside a project’s responsibility.

b) | Risk management is a general procedure for resolving risks. Risks are | 5343 a) |6.3.4.3.1
considered “resolved when the possible consequences are acceptable.
Acceptable means that the project can live with the worst-case outcome. Risk
management includes:

4 Rial Il H flood Lol : | |
) INOR Py triat meiuutTo propydiiny a TIoN TTialiiayCliriciit PJiart.

2) Risk assessment that is used to define the risk including identifying sources
and evaluating potential effects.

3) Risk control that is used to resolve risks and includes developing risk
resolution action plans, establishing triggers for implementation of risk
resolution action plans, monitoring risk status, implementing risk resolution
action plans when a trigger is tripped and correcting deviations from project
plans.
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¢) Risk management has two dimensions of awareness — past and future. The | §34.34a) | 6.3.4.3.1
past dimension of risk is based upon past experience and includes
benchmarking project measures and lessons learned, measuring actual results
with expected results, mapping available resources to requirements with respect
to defining and doing the work and implementation of the plan to produce the
product. The future dimension is based on transformation of the project vision
into goals and objectives used for establishing plans and being aware of the
future from which risks and opportunities are identified and the ambiguities of
availafle information and resources as well as the uncertainties uncovered
during{work.

d) Risk management includes: 6.3.4.3a) - 6.3.4.3.1

1) Identification of risk to include sources and related issues, concerns,
doubts, uncertainties and assumptions.

2) Analysis based on established criteria to include estimation of risk
priobability and consequences and the prioritization of risks.

3) Planning of alternative strategies for risk resolution, definition of a.specific
rigk action plan for selected approach and establishment of Ariggers (or
thresholds) for taking risk resolution action.

4) Tracking to include monitoring risk status and comparing.hresholds to risk
stptus, using triggers to provide early warning and reporting status based
on risk measures.

5) Resolution of risks by appropriately identifying triggers, implementing an
agtion plan, report results and continuing™planned actions till risk is
agceptable.

e) Risk management tools include ones for: 6.3.4.3a) |6.3.4.3.1

1) Risk identification — risk taxonomy, research, interviews, lessons learned,
cantrol charts, affinity diagrams, interrelationship diagrams and system
structure or WBS interfaces.

2) Risk analysis — Impact models, probability models, Gantt chart, impact
diptribution, risk coupling, system structure or WBS interfaces, and iso-risk
charts.

3) Risk alternative strategy planning — iso-risk charts, lessons learned, risk
leyeraging, Warrantees and insurance.

4) Riskdracking — technical performance measures, earned value, measures

ol el O A
anaTsSKwatcn st

5) Risk resolution — impact model, risk watch list, risk template and risk
management matrix.

f)  Keys to successful risk management include: 6.3.4.3a) | 6.3.4.3.1

1) Right people. People communicate issues, concerns and uncertainties. It is
essential to define desired participation, ability and motivation.

2) Right Process. Process transforms uncertainty into acceptable risk through
risk management activities including execution and definition.
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3) Right Infrastructure. The organizational culture determines how projects
use risk management. The infrastructure is typically specified through
appropriate policies and standards and includes identification and
dissemination of resources (staff, schedule, budget), requirements
(contractual, standards) and expected outcomes (cost, benefit).
4) Right information. It is important that the information used to evaluate risks
and the status of risks is correct_reliable and timely
5) Right Implementation. It is important to plan risk management and use the
appropriate methodologies to perform risk management on a specific
project.
g) | There are three categories of risk to consider: 6.3.4.3b) |6.3.4.3.2
1) Project Risk — organizational, operational, or contractual concerns including | 6-3-4.3¢) |[6.3.4.3.3
resource constraints, external interfaces, supplier relationships, contractual
restrictions, lack of organizational support and vendor unresponsiveness.
2) Process Risk — planning, staffing, tracking, quality( assurance and
configuration management.
3) Product Risk — Technical Process implementation, work product
characteristics, requirements stability, design pérfoermance, complexity and
test requirements.
h) | Risk resolution alternative approaches include: 6.3.4.3d) |6.3.4.3.4
1)  Acceptance (live with it). 6.3.43e) |6.3.4.3.5
2) Avoidance (eliminate).
3) Protection (redundancy).
4) Reduction (mitigation‘risk management culture-do the right processes).
5) Prevention (team activity-use integrated product teams).
6) Anticipation (quantitative risk management measures, prioritize, proactive
approach).
7) ~Opportunity (look at good outcomes, not just bad ones, everyone’s
responsibility, reduce costs, do better than planned).
8) Research (more information).
9) Reserves (contingency funding).
10) Transfer (to another person or organization).
i) Metrics are necessary to take a periodic look at the effectiveness and efficiency | 6 34.3f) |6.3.4.3.6
of the overall risk management effort (rather than looking at the status of
individual risks). This periodic assessment must be done with project
management and other senior stakeholders in the project or organization.
© ISO/IEC 2011 — All rights reserved 79



https://iecnorm.com/api/?name=afb484049bbd478eb5be5902c41b1942

ISO/IEC TR 24748-3:2011(E)

Table A.12 — Configuration Management Process (Clause 6.3.5)

Notes ISO/IEC ISO/IEC
15288 12207
a) lIdentifying what to control and to what degree different things must be | 353 6.3.5.3
controlled should recognize the nature of the organization, its mission,
customer expectations and legal and other constraints. 7.22.3.2
b) Assessments of risk should be included in the change management partof | § 353 3)2) |6.3.5.3.1.2
configuration management.
634 634
7.2.2.3.3
¢) Suppofting tool use should be considered at an early stage in developing | 6.3 5.3 p) 6.3/5.3.2
the approach to configuration management.
7.2.2.31
Table A.13 — Information Management Process (Clause 6:3:6)
Notes ISO/IEC | ISOI/IE
15288 12207
a) Informption management typically includes: planning information; «t€quirements; | g 3 6.3 6.3.6.1
progrefss status reports; review data package and other materials for or from
acquirer, project management, and technical reviews; design’data and schema;
lessonis learned; the evaluation of input and output information” quality; variances
and anomalies from validations and verifications “¢and other progress
assessments; data deliverables; approved changes; and-work authorizations and
work prders resulting from management decisions, planning, or approved
changes.
Table A.14 — Measurement Process (Clause 6.3.7)
Notes ISO/IEC ISO/IEC
15288 12207
a) Measyres should be adapted to the organization and be limited to only those | 5 3.7.3 a) |6.3.7.31
few at| each level that are truly incisive and that will actually be used as the
basis for decisions:
b) The fdasibility.and effort to collect data should be considered carefully before | g 3 7.3 b) |6.3.7.32
implementing. any considerable measurement effort. The general
recommendation is to use limited trials of a selected few measurements, then
slowly nypand once the rnnlify of nhfnining the information and actt mlly ||Qing it
for decisions is proven out.
¢) Regular assessment of the utility of measurements is commonly overlooked. No | 6373 ¢) | 6.3.7.3.3
measurement should be taken as above challenge.
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Table A.15 — Stakeholder Requirements Definition Process (Clause 6.4.1)

Notes

ISO/IEC
15288

ISO/IEC
12207

Stakeholder requirements constitute the raw inputs into establishing the
problem to be solved (new system concept or modified system based on
deficiencies, failures and other anomalies discovered during use).

6.4.1.3

6.4.1.3

The acquirer stakeholder can be internal to the organization (for example
another project, marketing organization, parent product team, the product
team itself, user, operator, executive manager, supervisor), or external to the
organization (for example a procurement agency, prime contractor, another
organization, customer, user, operator, owner, purchaser).

6.4.1.3 a)

5.4.1.3.1

A user is a special case of the acquirer stakeholder who operates software
or who installs software to form a higher-level system (for example~a
computer or a microchip) in the system structure.

6.4.1.3 a)

5.4.1.3.1

Interested parties are also referred to as “other stakeholders,™of parties
other than the acquirer interested in the outcome of the engineering or re-
engineering work. Other interested party requirements,»not necessarily
provided by the acquirer in the agreement, include:

1) organizational and project requirements such<as those that deal with
system markets and organizational processesy

2) environmental, local, national, and international regulations and laws,
and

3) functional support requirements’ for system implementation and
integration, production, test;\operations and logistics (deployment,
training, maintenance, anddisposal).

6.4.1.3 a)

5.4.1.3.1

A requirement is typically~made up of what has to be done (a function) and
how well it has to be dore. A function is typically a statement with an actor
(noun), an action (Verb), and an object (noun) of the action. For example,
“The actuator (actor) opens (action) the door (object) within 10 seconds.”

A requirement.can also be non-functional, i.e., a design constraint, such as
colour.

6.4.1.3 b)
6.4.1.3 c)

5.4.1.3.2

f)

This process includes activities and tasks performed by or for a supplier in
the capture and expression of requirements to be met and goals to be
pursued in the supply of the software and related services

6.4.1.3b) 1)

5.4.1.3.2.2

Cost may be a requirement stated as a fixed cost (independent variable) or
maximum cost (constraint).

6.4.1.3b) 1)

6.4.1.3.2.2

This process involves assuring that requirements for downstream system life
cycle concerns, such as production, test, operations and logistics
(deployment, training, maintenance, disposal), affecting system functionality
are identified

6.4.1.3b) 2)

6.4.1.3.2.3

The context of use statement is a collection of information about the
physical, technical, social and cultural elements surrounding a system and
an analysis of how these affect (or will affect) how the software is used. The

6.4.1.3 b) 2)
6.4.3

6.4.1.3.2.3
6.4.3

© ISO/IEC 2011 — All rights reserved

81



https://iecnorm.com/api/?name=afb484049bbd478eb5be5902c41b1942

ISO/IEC TR 24748-3:2011(E)

Notes ISO/IEC ISO/IEC
15288 12207
context of use statement is a useful collection of supporting information | 5 4 g8 6.4.8
when preparing the software user and operational requirements. It provides
guidance on how and where the software will be used to the designers of the
software in considering design alternatives. It is a reference document for
the design of validation activities for a system. It is the most detailed source
of information about the users of the software and their working environment
and is used as the primary guide when selecting users for trials and tests.
(See 180 9241-11 for more information on defining and analyzing context of
use.)
j) It is gsually not possible to meet all stakeholder (acquirer and other | 6413 c) 64134
interegted party) requirements for a particular system since various
stakeHolders could have conflicting requirements relative to one another. 7.2.8
These|conflicts should be identified and resolved during the performance of
this prpcess, or as soon as a conflict is identified during activities or one of
the other Technical Processes. The effectiveness assessment, trade-off
analysjis and risk analysis activities should be used to resolve conflicts.
k) Measyres of effectiveness (MOEs) should be explicitly identified for eaCh 6.4.1.3¢c)1) | 6.4.1.3.3.1
systenm in the system structure. An MOE is an “operational” measure“of
succegs that is closely related to the achievement of the operational | 6:4.1.3¢)2) | 6.4.1.3.4.1
objective being evaluated, in the intended operational environmentwunder a | g 4. 1.3 c)3) | 6.4.1.3.4.2
specified set of conditions; for example how well the solution achieves the
intended purpose. MOEs, which are stated from the Swuser/customer
viewpaint, are the customer’s key indicators of achieving-the objectives for
perfor||nance, suitability, and affordability across the life.cycle.
)  The stakeholder requirements are the basis for validating the implemented | g 4.1 3 c)2) | 6.4.1.3.4.1
or integrated system that is developed using the.Technical Processes.
6.4.1.3¢c)3) | 6.4.1.3.4.2
6.4.1.3c)4) | 6.4.1.3.4.3
6.4.1.3c)5) | 6.4.1.3.5.1
m) Requitements traceability is initiated-at this point for tracking requirements | §.4.1.3 ¢c)6) | 6.4.1.3.5.2
and changes to requirements Arom the stakeholder initial inputs through
architgctural design.
Table A.16 — System Requirements Analysis Process (Clause 6.4.2)
Notes ISO/IEC ISO/IEQ
15288 12207
a) To fully.tinderstand what is required of the intended product, the system 6.4.2.3.1.1
requir ments a||a=yo;o aut;v;ty shottd—include—elicitation—from—the—uset
community.
b) If a system consists of subsystems, the activities and tasks of the System 6.4.2.3.1.1
Requirements Analysis Process, should be performed iteratively with the
activities and tasks of the System Architectural Design Process, to define 6.4.3
system requirements, design the system and identify subsystems, define
the requirements for those subsystems, design the subsystems and
identify their components, and so on.
c) Each requirement should be stated in such a way that an objective test 6.4.2.3.1.1
can be defined for it.
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The implementer should analyse acquisition requirements concerning
computer hardware resource utilization (e.g., maximum allowable use of
processor capacity, memory capacity, input/output device capacity,
auxiliary storage device capacity, communications/network equipment
capacity). If there are no acquisition requirements concerning computer
hardware resource utilization, or they are very general, the implementer
should establish appropriate utilization requirements as part of the system
requirements activity. Establishing utilization requirements should be an

6.4.2.3.1.1

activity iterated with design activities.

The definition of system safety and security requirements should also
include what the system must not do.

6.4

1.2.3.1.1

f)

Each measure of effectiveness (MOE) has a corresponding set of
Measures of Performance (MOPs). An MOP is a measure that
characterizes physical or functional attributes relating to the system
operation. These “system” technical performance indicators are measucted
under specified testing and/or operational environment conditions. Fhese
attributes are considered as important to ensure that the system¢has the
capability to achieve operational objectives. MOPs are used-1o-assess
whether the system meets design or performance requirements that are
necessary to satisfy the MOEs from which they were derived. MOPs are
derived from the solution provider's viewpoint and look™at how well the
delivered system performs against system level requifements, for example
an aspect of the system performance or capability:. MOPs often map to
key performance requirements in the system. Specification. They are
expressed in terms of distinctly quantifiable perfermance features, such as
speed, payload, range, or frequency. This>requires careful definition of
MOPs during the System Requirements *Analysis Process and during
logical architecture design and also«effective requirements tracing to
ensure that the MOPs are in fact identified and designed into the system.

64.2'3 a) 4)

4.2.31

The requirements to perform.-evaluations are intended to task the
implementer to determine, the-feasibility of creating a system architectural
design based on the requirements and the feasibility of operating and
maintaining such a system. It may be necessary to perform selected
aspects of design, suich as prototyping or simulation, to determine whether
it is feasible to develop a product(s) meeting those requirements.

6.4
6.4

1.2.3.2.1 d)
1.2.3.2.1€)

Each technieal requirement statement is validated to ensure that it exhibits
the following quality attributes:

1) CAbility to preserve competitiveness — permits preservation of a
competitive stance and is only as constraining on competitive stance

ac 1o mctifind hy hanafite daliviarad hyvy racn e
5SS PDEREeHSGEeHEereaoy+€e

6.4.2.3b) 1)

4.2.3.2

mant
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2) Clarity — requirement statement is readily understandable without
analysis of meaning of words or terms used.

3) Correctness — requirement statement does not contain an error of
fact.

4) Feasibility — requirement can be satisfied within

i) natural physical constraints,
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i) state of the art as it applies to the project, and
iii) all other absolute constraints applying to the project.
5) Focus — requirement is expressed in terms of ‘what’ and ‘why’ or form,
fit and function, not in terms of how to develop the products or the
materials to be used — detailed requirements that are required to
guide detailed design of a product are an exception to this.
6) Implementability — requirement statement contains information
necessary to enable requirement to be implemented.
7) Mpdifiability — necessary changes to a requirement can be made
cgmpletely and consistently.
8) Removal of ambiguity — allows only one interpretation for meaning of
the requirement, for example not defined by words or terms such as
‘excessive,’ ‘sufficient’ and ‘resistant’ that cannot be measured.
9) Singularity — requirement statement cannot be sensibly expressed.as
two or more requirements having different agents, actions, objects-or
instruments.
10) Testability — existence of finite and objective process.-with which to
varify that the requirement has been satisfied.
11) Verifiability — can be verified at the level of system.structure at which it
is|stated.
12) Abstraction — the correct levels of abstraction for the organization
view stage and maturity of the system.
i) Techn|cal requirement statements_in“pairs and sets are validated to | §4.2.3p)1) | 6.4.2.3.2
ensurg that it exhibits the following quality attributes:
1) Absence of redundancy -— each requirement is specified only one
time.
2) Connectivity — all tefms within a requirement are adequately linked to
other requirements and to word and term definitions so that individual
requirementSdelate properly to other requirements as a set.
3) Remoyal\ of conflicts — requirement is not in conflict with other
requirements or within itself.
j)  Tohelp ensure achievability of requirements the supplier should consider: | §4.2.3p) 1) | 6.4.2.3.2

1)

Existing system elements such as commercial-off-the-shelf, known as
COTS, that can help reduce implementation time and cost but may
increase complexity.

Introduction of new technology that can provide a competitive edge.

Possible physical solutions.

New interfaces that can be introduced.
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k)  The resulting set of technical requirements is validated as being necessary | 6 4.2.3 p) 3) | 6.4.2.3.2
and sufficient for designing the system-of-interest architectural design
solution. This includes as appropriate:
1) Downward traceability of the validated set of stakeholder
requirements to the set of defined technical requirements.
2) Upward traceability of the individual technical requirement statements,
from the set of defined technical requirements, to the validated sets of
stakeholder requirements.
3) Confirmation that assumptions and derived requirements are valid
and consistent with the system and related services being engineered
or re-engineered.
4) Resolution of identified voids, variances, and conflicts including:
i) Confirmation that appropriate action has been taken when the set
of defined technical requirements is not upward traceable o the
validated set of stakeholder needs.
i) Determination whether non-sourced (orphaned)crequirements or
constraints were introduced and whether they)are desired by
appropriate stakeholders.
iii) Omitted requirements are added to the set of defined technical
requirements, as appropriate, when:stakeholder needs are not
adequately reflected in the set of defined technical requirements.
iv) Proof that re-validation of the set of technical requirements has
been done when a changé.i§ needed to one of the validated sets
of stakeholder needs and that the appropriate activities and tasks
of the stakeholder needs definition process and requirements
analysis process.were performed again, as appropriate.
Table A.17 — System Architectural Design Process (Clause 6.4.3)
Notes ISO/IEC ISO/IEC
15288 12207
a) | Architectural design is concerned with developing satisfactory and feasible | g 4.3 3 6.4.3.3
system solutions for the set of derived technical requirements, maintaining
the integrity of those concepts throughout impiementation, ensuring that
the built system for use is appropriately certified against design description
specifications during verification and applicable stakeholder requirements
during validation and assuring system concept configuration integrity
throughout utilization and support stages. The completed architectural
design should be used throughout the system life cycle to predict and
track fitness for use and for assessing changes to the system.
© ISO/IEC 2011 — All rights reserved 85
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b) ISO/IE

C 12207:2008 places few requirements upon the goals or conduct

of system architectural design, recognizing that this area of technology
and practice is undergoing rapid evolution. The following guidance may be

helpful

in selecting a method and a set of goals.

6.4.3.3.1.1

1) In

many cases, it is appropriate to view the system architecture as a

mechanism for facilitating communications between the acquirer, the

im

6.4.3.3.1.1

643321

cl
Sy
dqg
6.

plpmnnh:\r, the Qlllnlnlipr’ and other kpy stakehaolders rpgqrding
prification of requirements and their impact on the structure of the
stem. Although such a usage is not a requirement of the standard, it
es contribute to the achievement of the evaluation criteria listed in
1.3.3.2.1.

2) I8
ar
sh
ef]
ar
cq
sq

O/IEC 12207:2008 does not require the use of any particular
chitectural method, e.g., functional decomposition. That selection
ould be made based upon the characteristics of the implementation
fort. In some cases, it is appropriate to view the software
chitectural efforts as an extension of the system architectural effort,
ntinuing at a greater level of detail and with greater attention .to
ftware-specific concerns.

6.4.3.3.1.1

3) 19
ar
re
cr
re
S}
dd
re
W
re
ar

O/IEC 12207:2008 does not require any particular output‘from the
chitectural effort aside from identification of items and, allecation of
quirements. It is often appropriate (and supportive of'the evaluation
teria) to use the architecture as a means for<{formulating and
cording system-wide design decisions (that is, decisions about the
stem’s concept of execution and interface charaeteristics, and other
cisions affecting the selection and design.'of system items). The
sults of such decisions may be recorded in‘the form of the system-
de design. Results of decisions regarding item identification and
quirements traceability may be _recorded in the form of the
chitectural design and traceability eross reference.

6.4.3.3.1.1

4) In
ite
re
or

many cases, architectural.design should be regarded as an
rative activity. Final identification of all items and allocation of all
quirements may be completed during iterations other than the first
e.

6.4.3.3.1.1

5) The top-level architectural design of a system (i.e., the first partition)

m
in

py includesubsystems. The system architectural design may
Corporate alternative views of architecture.

6.4.3.3.1.1

c) The r

bquirements to perform evaluations are intended to task the

implen

nenter to determine the feasibility of creating a system architectural

6.4.3.3.2.1

design

based on the requirements and the feasibility of operating and

maintaining such a system. It may be necessary to perform selected
aspects of software requirements analysis to determine whether it is

feasibl

e to develop a product(s) meeting those requirements.

6.4.3.3.2.1

d)

d) The implementer should consider whether the planned and potential
computer resources (processors, etc.) would be adequate to satisfy the
requirements.

6.4.3.3.2.1

d)
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The requirements for enabling systems come from

1) user or customer or assigned requirements and other stakeholder
needs for the system, and

2) derived technical requirements for systems and generated applying
the System Architectural Design Process. Thus, initiation of enabling

6.4.3.3 a)

6.4.3.3.1

system implementation or procurement (a function of the prnjprf’q
system boundary) is dependent on the completion of the architectural
design solution for the system being engineered or re-engineered and
also the applicable system life cycle stage and related engineering
view activity or organization view stage.

f)

Logical architectural design includes looking at various logical
decompositions and other representations of requirements. There is no set
format or form for the various representations. The format or form selected
is that which best defines the functional, behaviour or data flow or data
structure, as appropriate, and that allows best assignment to pdtential
physical elements, manual operations or enabling systems for génerating
alternative physical architectural design solutions.

6.43.3 a)

6.4.3.3.1

The defined technical requirements are appropriately allocated to the
generated logical architectural design representations, From the various
representations a set of derived technical requirements is generated that
is used for architectural design. There can be’ unassigned technical
requirements after this allocation is completed. These are assigned
directly to alternative physical architectural design solutions.

6.4.3.3 a)

6.4.3.3.1

In allocating logical representation requirements and derived technical
requirements the following are considered as to whether they provide
requirements that could best be done:

1) By enabling systems associated with implementation and integration,
production, test, operations, support or retirement.

2) Manually or by facilities, material or data.

3) By hardware; software and firmware physical element (new or
existing):

6.4.3.3 a)

6.4.3.3.1

The Stakeholder Requirements Definition Process, System Requirements
Analysis Process and System Architectural Design Process are repeated
for ‘\each successive lower level in the system structure until specified
reqUirements for all system elements have been defined or until the

6.4.3.3b)
6.4.3.3C)
641

6.4.3.3.2
6.4.1
642

defined system element can be built, reused or purchased. If further
implementation is required for a system element, the implementation could
be undertaken using an appropriate system element implementation
standard such as ISO/IEC 12207:2008 for software.

6.4.2

During architectural design it can be necessary to repeat the Stakeholder
Requirements Definition Process, System Requirements Analysis Process
and System Architectural Design Process, if it is determined that
requirements cannot be met because of unresolved issues related to the
solution factors (see architectural design expected outcomes) or adverse
cost, schedule, performance or risk impacts for available alternatives.

6.4.3.3b)
6.4.3.3C)
6.4.1
6.4.2

6.4.3.3.2
6.4.1
6.4.2
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k)

In determining the preferred physical architectural design solutions,
analyses of each alternative is made with the following considerations:

1)

10)

11)

Physical interfaces (human, form, fit, function, data flow and
interoperability):

i)

Among identified physical elements of the physical design
solution

6.4.3.3b)
6.4.3.3C)

6.4.3.3.2

i)
i

iv

With other system elements of the system structure.
With enabling systems.

With external systems.

The variability and the sensitivity to variability for each identified

Cr

th
te
lo
hi

A
If
off
re

Sle
ol

tical performance parameter.

Technological needs necessary to make alternative solution effective,

e risks associated with introduction of new or advanced
chnologies to meet derived technical requirements and alternative
ver-risk technologies that could be substituted for unacceptable
her risk technologies.

ailability of off-the-shelf end products (such as reusable software).
not exactly suitable, determine the cost and risks«in modifying an
f-the-shelf system element to satisfy design and interface
quirements.

Effect of design considerations to maintain or make a physical

lution alternative competitive with potential or existing competitor
oducts.

"
fa
url

D
rej

D
e

undancy and to support-graceful degradation when the results of
lure modes, effects and-criticality of failure analyses have an
acceptable or high criticality rating.

Fe\lgrther design efforts that ctould be needed to accommodate

pgree  to  which ythe performance of the derived technical
quirements are satisfied by each alternative physical solution.

bgree to'which attributes of security, safety, producibility, testability,
se ~Of " deployment, installability, operability, supportability,
pintainability, trainability and disposability are capable of being

m
d

signed in.

Needs, requirements and constraints for enabling systems.

Capacity to evolve, or be re-engineered, incorporate new
technologies, enhance performance, increase functionality or other
cost-effective or competitive improvements, when the system is in
production or in the marketplace.

Limitations that can preclude the capability of the system-of-interest or
system element and related services to evolve (technology refresh or
technology insert).
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