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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotech

nical

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 tech
committees established by the respective organization to deal with particular fields of tech
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other internat

nical
nical
ional

ot gauibatiuub, gover mrentatand non-gover nmrentab-imrHatsomrwith 1S6anmdHECatsotake partt
work. In the field of information technology, ISO and IEC have established a joint technical comm
ISO/IEC]TC 1.

The procedures used to develop this document and those intended for its further maintenanc

1 the
ttee,

E are

described in the ISO/IEC Directives, Part 1. In particular the different approval criteria-needed for the

different types of ISO documents should be noted. This document was drafted in@ccordance wit
rules given in the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

IEEE Standards documents are developed within the IEEE Societies and thé Standards Coordin
Committees of the IEEE Standards Association (IEEE-SA) Standards Beafd. The IEEE develof
standards through a consensus development process, approved by the American National Stand
Institute, which brings together volunteers representing varied viewpoints and interests to achiey
final product. Volunteers are not necessarily members of the Institute and serve without compens3
While the IEEE administers the process and establishes rules to promote fairness in the conse
development process, the [EEE does not independently evaluate, test, or verify the accuracy of a
the information contained in its standards.

h the

pting
s its
ards
e the
tion.
nsus
hy of

Attention is drawn to the possibility that some of the elements of this document may be the supject

of patent rights. ISO and IEC shall not be held responsible for identifying any or all such p
rights. Details of any patent rights identified during the development of the document will be i
Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document issinformation given for the convenience of users and doe
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific termsg
expressions related to conformiity assessment, as well as information about ISO's adherence t
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follo
URL: www.iso.org/iso/foreword.html.

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology,
Software and systems engineering in cooperation with the Systems and Software Engineering Stand
Committee of thie;TEEE Computer Society, under the Partner Standards Development Organiz
cooperation agreement between ISO and IEEE.

Atent
h the

S not

and
b the
wing

SC 7,
ards
htion

This firstéedition of ISO/IEC/IEEE 24748-1 cancels and replaces ISO/IEC TS 24748-1:2016, which has

been technically revised to include movement of material from the new edition of ISO/IEC/IEEE 247

Alistof all parts in the ISO/IEC/IEEE 24748 series can be found on the ISO website.

18-2.

Any feedback or questions on this document should be directed to the user’s national standards bo

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The purpose of this document is to facilitate the joint usage of the process content of the latest revisions
of both ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207, by providing unified and consolidated guidance
on life cycle management of systems and software. This is to help ensure consistency in system concepts
and life cycle concepts, models, stages, processes, process application, key points of view, adaptation
and use in various domains as the two International Standards are used in combination. That will in

turn
1S0/
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EC/IEEE 15288 and ISO/IEC/IEEE 12207 are the documents that apply the concepts found in this

docujment to specific processes.

NOTH
proje
This
[EEE

ISO/IEC/IEEE 16326 also applies the concepts found in this document, in the process context for
ct management.

document will also aid in identifying and planning use of life cycle processes describedin ISO/IEC/
15288 and ISO/IEC/IEEE 12207 that will enable the project to be completed successtully, meeting

Besi
life ¢
align
syste
(e.g.

By a
IEEE
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linkg
serv

IS0/
2 an
indiy

its onectives/requirements for each stage and for the overall project.

es the above, there is also increasing recognition of the importance of hélping to ensure that all
ycle stages and all aspects within each stage are supported with thérough guidance to enable
ment with any process documents that might subsequently be created\that focus on areas besides
ms and software, including hardware, humans, data, processes (é-g. Teview process), procedures
bperator instructions), facilities and naturally occurring entitie$:(e:g. water, organisms, minerals).

ddressing these needs specifically in this document, theusers of the process-focused ISO/IEC/
12207 and ISO/IEC/IEEE 15288 will not only benefit fram'Having one document complementarily
pssing the aspect of product or service life cycle: they. will also benefit from a framework that
life cycle management aspects to more than just the€Systems or software aspects of products or
ces.

EC/IEEE 15288 and ISO/IEC/IEEE 12207 also have published guidelines (ISO/IEC/IEEE 24748-
1 ISO/IEC TR 24748-3), respectively, to support use of the two revised International Standards
idually.

Vi
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Systems and software engineering — Life cycle
management —

Part 1:

Guidelines for life cycle management

1 Scope

This document provides guidelines for the life cycle management of systems and softyare,
complementing the processes described in ISO/IEC/IEEE 15288 and ISQ/IEC/IEEE 12207. |This
document:

— addresses systems concepts and life cycle concepts, models, stages;processes, process applicdtion,
key points of view, adaptation and use in various domains and by(various disciplines;

— establishes a common framework for describing life cycles, including their individual stages, fdr the
management of projects to provide, or acquire either products or services;

— defines the concept and terminology of a life cycle;

— supports the use of the life cycle processes withindan organization or a project. Organizations$ and
projects can use these life cycle concepts when agquiring and supplying either products or services;

— provides guidance on adapting a life cycle~-ifodel and the content associated with a life cyclg or a
part of a life cycle;

— describes the relationship betweenlife cycles and their use in applying the processes in ISO{IEC/
IEEE 15288 (systems aspects) andyISO/IEC/IEEE 12207 (software aspects);

— shows the relationships of lifé cycle concepts to the hardware, human, services, process, proceflure,
facility and naturally occlrring entity aspects of projects; and

— describes how its cencepts relate to detailed process standards, for example, in the arepas of
measurement, project management and risk management.

2 Normativereferences

There arenonormative references in this document.

3 _Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO, IEC and IEEE maintain terminological databases for use in standardization at the following
addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEEE Standards Dictionary Online: available at http://ieeexplore.ieee.org/xpls/dictionary.jsp

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved 1
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31
acquirer
stakeholder that acquires or procures a product or service from a supplier

Note 1 to entry: Other terms commonly used for an acquirer are buyer, customer, owner, purchaser, or internal/
organizational sponsor.

[SOURCE: ISO/IEC/IEEE 15288:2015]

3.2
acquisition
procegss of obtaining a system, product or service

[SOURCE: ISO/IEC/IEEE 15288:2015]

3.3
actiyity
set of cohesive tasks of a process

[SOURCE: ISO/IEC/IEEE 15288:2015]

3.4
agile development

software development approach based on iterative development, freqlient inspection and adaptation,
and incremental deliveries, in which requirements and solutions evelve through collaboration in cross-
functional teams and through continual stakeholder feedback

[SOURCE: ISO/IEC/IEEE 26515:—]

3.5
agreement
mutyal acknowledgement of terms and conditions under which a working relationship is conducted

EXAMPLE Contract, memorandum of agreement.
[SOURCE: ISO/IEC/IEEE 15288:2015]

3.6
archiitecture

<system> fundamental concepts.or properties of a system in its environment embodied in its elements,
relatjonships, and in the principles of its design and evolution

Note [l to entry: ISO/IEC/IEEE)12207 and ISO/IEC/IEEE 15288 use the word “elements” instead of “components”
and this document followsthat usage.

[SOURCE: ISO/IECAEEE 42010:2011, modified — Note 1 to entry has been added.]

3.7
archjitecture.framework

conventions; principles and practices for the description of architectures established within a specific
domain-of application and/or community of stakeholders

EXAMPLE 1  Generalized Enterprise Reference Architecture and Methodologies (GERAM) (ISO 15704) is an
architecture framework.

EXAMPLE 2 Reference Model of Open Distributed Processing (RM-ODP) (ISO/IEC 10746) is an architecture
framework.

[SOURCE: ISO/IEC/IEEE 42010:2011]

© ISO/IEC 2018 - All rights reserved
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3.8
architecture view

work product expressing the architecture of a system from the perspective of specific system concerns

[SOURCE: ISO/IEC/IEEE 42010:2011]

3.9
architecture viewpoint

worlk prnr‘]nr‘f achh]iching the canventions for the rnncfrnr‘h'nn, inharprnfah'nn anduseof architecture

views to frame specific system concerns
[SOURCE: ISO/IEC/IEEE 42010:2011]

3.10

audit

independent examination of a work product or set of work products to assess compliance
specifications, standards, contractual agreements, or other criteria

[SOURCE: ISO/IEC/IEEE 24765:2017]

3.11

baseline

approved version of a configuration item, regardless of media,~formally designated and fixed
specific time during the configuration item's life cycle

[SOURCE: IEEE 828:2012]

3.12

concept of operations

verbal and/or graphic statement, in broad outling, of an organization’s assumptions or intent in r¢
to an operation or series of operations

Note 1 to entry: The concept of operations frequently is embodied in long-range strategic plans and a
operational plans. In the latter case, the congept of operations in the plan covers a series of connected operd
to be carried out simultaneously or in(uccession. The concept is designed to give an overall picture ¢
organization operations. See also opetational concept (3.26).

Note 2 to entry: It provides the basis for bounding the operating space, system capabilities, interface
operating environment.

[SOURCE: ANSI/AIAA G-043A-2012¢]

3.13
concern
<system> interest in a system relevant to one or more of its stakeholders

Note 1 torehtry: A concern pertains to any influence on a system in its environment, including developm
technological, business, operational, organizational, political, economic, legal, regulatory, ecological and
influences.

with

at a

gard

hnual
tions
f the

t and

bntal,
ocial

[SOURCE: ISO/IEC/IEEE 42010:2011]

3.14
configuration item

item or aggregation of hardware, software, or both, that is designated for configuration management

and treated as a single entity in the configuration management process

[SOURCE: ISO/IEC/IEEE 24765:2017]

© ISO/IEC 2018 - All rights reserved
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3.15

customer
organization or person that receives a product or service

EXAMPLE Consumer, client, user, acquirer, buyer, or purchaser.

Note 1 to entry: A customer can be internal or external to the organization.
[SOURCE: ISO 9000:2015, modified — added “service”.

3.16

design, verb

<profcess> to define the architecture, system elements, interfaces, and other characteristics of a system
or sylstem element

[SOURCE: ISO/IEC/IEEE 24765:2017]

3.17

design, noun

result of the process in 3.1

Note
comp

Note
relati

[SOU

3.18
desi
desig
Or S§

[SOU

3.19
enal

1 to entry: Information, including specification of system elements and their rélationships, that is sufficiently
lete to support a compliant implementation of the architecture.

2 to entry: Design provides the detailed implementation-level physsical structure, behaviour, temporal
onships and other attributes of system elements.

RCE: ISO/IEC/IEEE 24765:2017]

bn characteristic
rn attributes or distinguishing features that pértain to a measurable description of a product
rvice

RCE: ISO/IEC/IEEE 24765:2017]

ling system

systgm that supports a system-of-interest during its life cycle stages but does not necessarily contribute
diregtly to its function during operation

EXAMPLE When a systemf{of-interest enters the Production Stage, a production-enabling system is required.
Note|l to entry: Each enabling system has a life cycle of its own. This document is applicable to each enabling
systejm when, in its owpmrright, it is treated as a system-of-interest.

[SOURCE: ISO/IEC/EEE 15288:2015]

3.20

environment

<sysfem> context determining the setting and circumstances of all influences upon a system

[SOURCE: ISO/IEC/IEEE 42010:2011]

3.21

facility

physical means or equipment for facilitating the performance of an action, e.g. buildings,

instruments, tools

[SOURCE: 1SO/IEC/IEEE 15288:2015]

© ISO/IEC 2018 - All rights reserved
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3.22

incident

anomalous or unexpected event, set of events, condition, or situation at any time during the life cycle of
a project, product, service, or system

[SOURCE: ISO/IEC/IEEE 15288:2015]
3.23

information item

separately identifiable body of information that is produced, stored, and delivered for human use
[SOURCE: ISO/IEC/IEEE 15289:—]

3.24

life cycle
evolution of a system, product, service, project or other human-made entity from/¢onception thrpugh
retirement

[SOURCE: ISO/IEC/IEEE 15288:2015]

3.25

life cycle model
framework of processes and activities concerned with the life cycle’that may be organized into stpges,
which also acts as a common reference for communication and understanding

[SOURCE: ISO/IEC/IEEE 15288:2015]

3.26

operational concept
verbal and graphic statement of an organization’s*assumptions or intent in regard to an operatipn or
series of operations of a system or a related sét of systems

Note 1 to entry: The operational concept is designed to give an overall picture of the operations using one or
more specific systems, or set of related systems, in the organization’s operational environment from the gsers’
and operators’ perspective. See also condept of operations (3.12).

[SOURCE: ANSI/AIAA G-043A-2012¢]

3.27
operator
individual or organization that performs the operations of a system

Note 1 to entry: The role of operator and the role of user may be vested, simultaneously, or sequentially, in the
same individual.or-erganization.

Note 2 to entry: An individual operator combined with knowledge, skills and procedures may be considered as
an element.of the system.

Notes3-to entry: An operator may perform operations on a system that is operated, or of a system that is opefated,
depending on whether or not operating instructions are placed within the system boundary.

[CF\HD(‘F‘- ISOAEC/AEEE 152893-201 R']

oo o TT o o U o e oS00 5 YU T

3.28
organization
group of people and facilities with an arrangement of responsibilities, authorities and relationships

EXAMPLE Company, corporation, firm, enterprise, institution, charity, sole trader, association, or parts or
combination thereof.

Note 1 to entry: 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. A body
of persons organized for some specific purpose, such as a club, union, corporation, or society, is an organization.

© ISO/IEC 2018 - All rights reserved
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[SOU
3.29

RCE: ISO 9000:2015, modified — Note 1 to entry has been added.]

party
organization entering into an agreement

Note

[SOU

1 to entry: In this document, the agreeing parties are called the acquirer and the supplier.

RCE: ISO/IEC/IEEE 15288:2015]

3.30
prol
diffig
that

[SOU

3.31
prog
seto

[SOU

3.32
proc
obse

[SOU

3.33
proc
high
the g

Note
[SOU

3.34
prod
resu

Note
softw
and

[SOU

3.35

proj
ende

lem
ulty, uncertainty, or otherwise realized and undesirable event, set of events, condition, or situation
Fequires investigation and corrective action

RCE: ISO/IEC/IEEE 15288:2015]

ess
f interrelated or interacting activities that transforms inputs into outputs

RCE: ISO/IEC/IEEE 15288:2015]

ess outcome
Fvable result of the successful achievement of the process putpose

RCE: ISO/IEC/IEEE 12207:2017]

ess purpose
level objective of performing the process and, the likely outcomes of effective implementation of
rocess

1 to entry: The purpose of implementing the-process is to provide benefits to the stakeholders.

RCE: ISO/IEC/IEEE 15288:2015]

uct
t of a process

1 to entry: There are four agreed generic product categories: hardware (e.g. engine mechanical part),
are (e.g. computer program), services (e.g. transport), and processed materials (e.g. lubricant). Hardware
rocessed materials-are generally tangible products, while software or services are generally intangible.

RCE: 1SO 9000:2015]

ect
avour with defined start and finish criteria undertaken to create a product or service in accordance

with

Pt e va®ali raconrcacand raqiie ot o

Note

f1ad
SPCTITIC O T CooOUTr CCo oo T CUIT CITICIICS

1 to entry: A project is sometimes viewed as a unique process comprising co-coordinated and controlled

activities and composed of activities from the Project Processes and Technical Processes defined in the
referenced International Standards.

[SOURCE: ISO/IEC/IEEE 15288:2015]

© ISO/IEC 2018 - All rights reserved
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3.36
qualification
process of demonstrating whether an entity is capable of fulfilling specified requirements

[SOURCE: ISO/IEC/IEEE 12207:2017]

3.37
quality assurance

filled

part of gualitv manacement focused on nraviding coanfidence that aualitv reguirementswill he ful
)t T o4 =] T =] T o4 T

[SOURCE: 1SO 9000:2015]

3.38
quality characteristic
inherent characteristic of an object related to a requirement

[SOURCE: ISO 9000:2015]

3.39
quality management
coordinated activities to direct and control an organization with regatd-to quality

[SOURCE: I1SO 9000:2015]

3.41
requirement
statement that translates or expresses a need and its asSociated constraints and conditions

[SOURCE: ISO/IEC/IEEE 29148:—]

3.42
resource
asset that is utilized or consumed during the'execution of a process

Note 1 to entry: Includes diverse entities, such as funding, personnel, facilities, capital equipment, tool
utilities, such as power, water, fuel and communication infrastructures.

Note 2 to entry: Resources include those that are reusable, renewable, or consumable.
[SOURCE: ISO/IEC/IEEE 15288:2015]

3.43

retirement

withdrawal of.‘active support by the operation and maintenance organization, partial or
replacement By a new system, or installation of an upgraded system

[SOURCE-¥SO/IEC/IEEE 15288:2015]

3.44
risk
effect of uncertainty on objectives

5 and

total

Note 1 to entry: An effect is a deviation from the expected, positive or negative. A positive effect is also known as

an opportunity.

Note 2 to entry: Objectives can have different aspects (such as financial, health and safety, and environmental

goals) and can apply at different levels (such as strategic, organization-wide, project, product and process).

Note 3 to entry: Risk is often characterized by reference to potential events and consequences, or a combination

of these.

Note 4 to entry: Risk is often expressed in terms of a combination of the consequences of an event (including

changes in circumstances) and the associated likelihood of occurrence.

© ISO/IEC 2018 - All rights reserved
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Note 5 to entry: Uncertainty is the state, even partial, of deficiency of information related to understanding or
knowledge of an event, its consequence, or likelihood.

[SOURCE: ISO Guide 73:2009, 1.1]

3.45

security

protection against intentional subversion or forced failure, containing a composite of four attributes:
confidentiality, integrity, availability and accountability, plus aspects of a fifth, usability, all of which

have|the related issue of their assurance
[SOURCE: NATO AEP-67]

3.46
servijice
perfgrmance of activities, work, or duties

Note [l to entry: A service is self-contained, coherent, discrete and can be composed of othersérvices.
Note P to entry: A service is generally an intangible product.
[SOURCE: ISO/IEC/IEEE 12207:2017]

3.47
software item
sourfe code, object code, control code, control data, or a collection ofthese items

Note|l to entry: A software item can be viewed as a system element ofthe referenced International Standard and
of ISQ/IEC/IEEE 15288:2015.

[SOURCE: ISO/IEC/IEEE 12207:2017]

3.48
software product
set of computer programs, procedures, and possibly associated documentation and data

[SOURCE: ISO/IEC/IEEE 12207:2017]

3.49
software unit
atontic level software componentof the software architecture that can be subjected to stand-alone testing

[SOURCE: ISO 26262-1:2018]

3.50
stage
perigd within thédife cycle of an entity that relates to the state of its description or realization

Note|l to entry+/As used in this document, stages relate to major progress and achievement milestones of the
entity through its life cycle.

Note R to’entry: Stages often overlap.

[SOURCE: ISO/IEC/IEEE 15288:2015]

3.51

stakeholder

individual or organization having a right, share, claim, or interest in a system or in its possession of
characteristics that meet their needs and expectations

EXAMPLE End users, end user organizations, supporters, developers, producers, trainers, maintainers,
disposers, acquirers, supplier organizations and regulatory bodies.

Note 1 to entry: Some stakeholders can have interests that oppose each other or oppose the system.

© ISO/IEC 2018 - All rights reserved
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[SOURCE: ISO/IEC/IEEE 15288:2015]

3.52
supplier

organization or an individual that enters into an agreement with the acquirer for the supply of a product

or service

Note 1 to entry: Other terms commonly used for supplier are contractor, producer, seller, or vendor.

Note 2 to entry: The acquirer and the supplier sometimes are part of the same organization.
[SOURCE: ISO/IEC/IEEE 15288:2015]

3.53
system
combination of interacting elements organized to achieve one or more stated purposes

Note 1 to entry: A system is sometimes considered as a product or as the services it provides.
Note 2 to entry: In practice, the interpretation of its meaning is frequently clarified by the use of an assoc

noun, e.g. aircraft system. Alternatively, the word “system” is substituted simply by a context-depe
synonym, e.g. aircraft, though this potentially obscures a system principles perspective.

ative
ndent

Note 3 to entry: A complete system includes all of the associatedCequipment, facilities, material, computer

programs, firmware, technical documentation, services and persannel required for operations and supp
the degree necessary for self-sufficient use in its intended environment.

[SOURCE: ISO/IEC/IEEE 15288:2015]

3.54
system element
member of a set of elements that constitutes a'system

EXAMPLE Hardware, software, data, hunians, processes (e.g. processes for providing service to u
procedures (e.g. operator instructions), facilities, materials and naturally occurring entities, or any combin

Note 1 to entry: A system element is_a“discrete part of a system that can be implemented to fulfil spe
requirements.

[SOURCE: ISO/IEC/IEEE 15288:2015]

3.55
system-of-interest
system whose life 'cycle is under consideration in the context of this document

[SOURCE: ISOEC/IEEE 15288:2015]

3.56

system-of-systems (SoS)
set 0f Systems that integrate or interoperate to provide a unique capability that none of the constif
systems can accomplish on its own

rt to

Sers),
htion.

Cified

uent

NOte T 0 entry: Each CONSTITUENT SyStem 15 a USeful SyStem Dy 1tSelf, naving 1ts Own Mmanagement, goal
resources, but coordinates within the SoS to provide the unique capability of the SoS.

[SOURCE: ISO/IEC/IEEE 15288:2015]

3.57
systems engineering
interdisciplinary approach governing the total technical and managerial effort required to trans

, and

form

a set of stakeholder needs, expectations, and constraints into a solution and to support that solution

throughout its life

[SOURCE: ISO/IEC/IEEE 24765:2017]
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3.58
task

required, recommended, or permissible action, intended to contribute to the achievement of one or
more outcomes of a process

[SOU

3.59
tech

RCE: ISO/IEC/IEEE 15288:2015]

appli
func

[SOU

3.60
trad
decis
netb

[SOU

3.61
user]
indiv

Note
the s

[SOU

3.62
valic
conf
use d

Note

nil‘ﬂl manasement
(=]

cation of technical and administrative resources to plan, organize and control engineering
ions

RCE: ISO/IEC/IEEE 12207:2017]

p-off
ion-making actions that select from various requirements and alternative solutiens 6n the basis of
enefit to the stakeholders

RCE: ISO/IEC/IEEE 15288:2015]

idual or group that interacts with a system or benefits from a system during its utilization

1 to entry: The role of user and the role of operator are sometimesivested, simultaneously or sequentially, in
me individual or organization.

RCE: ISO/IEC 25010:2011]

Jation
rmation, through the provision of objective evidence, that the requirements for a specific intended
r application have been fulfilled

1 to entry: A system is able to accomplish its intended use, goals and objectives (i.e. meet stakeholder

requirements) in the intended operational:.environment. The right system was built.

Note
is abl

D to entry: In a life cycle context, validation involves the set of activities for gaining confidence that a system
e to accomplish its intended use} goals and objectives in an environment like the operational environment.

[SOURCE: ISO 9000:2015, madified — Note 1 to entry and Note 2 to entry have been added.]

3.63

verification

confirmation, threugh the provision of objective evidence, that specified requirements have been
fulfilled

Note|l to entry: Verification is a set of activities that compares a system or system element against the required

chard

cteristics. This includes, but is not limited to, specified requirements, design description and the system

itself]

The system was built right.

[SOURCE: ISO 9000:2015 modified — Note 1 to entry has been added.]

4 Life cycle-related concepts

4.1

This

General

Clause addresses system and life cycle concepts. For completeness, process, organizational and

project concepts are covered in Annexes A, B and C, respectively.
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4.2 System concepts

4.2.1 General

This sub clause is included to highlight and explain essential concepts on which this document is based.
These concepts are directly applicable to software, as addressed in ISO/IEC/IEEE 12207, systems,
as addressed in ISO/IEC/IEEE 15288, and to hardware, facilities, services, humans, processes and

procedures, data and naturally occurring entities.

4.2.2 Systems

The systems considered in this document are man-made and utilized to provide services in de
environments for the benefit of users and other stakeholders. These systems may be‘configured

Fined
with

one or more of the following: hardware, software, services, humans, data, processes, (e.g. processgs for

providing services to users), procedures (e.g. operator instructions), facilities andhaturally occu
entities (e.g. water, organisms, minerals).

The perception and definition of a particular system, its architecture and\its system elements de
on an observer's interests and responsibilities. One person's system¢ofsinterest can be viewed

rring

pend
as a

system element in another person's system-of-interest. Conversely, itean be viewed as being part of the

environment of operation for yet another person's system-of-interest.

Figure 1 exemplifies the multitude of perceivable systems-of-interest in an aircraft and its environ

ment

of operation. First, Figure 1 in its entirety comprises a fransportation system with air, ground and
water elements, which can be a system-of-interest. Next;-any one element of the transportation system

can be viewed as a system-of-interest, such as the Air{rahsport System. The example can be conti

nued

through the levels so that, for example, the display.€an be an element of the navigation system, which
is in turn an element of the aircraft system within.the air transport system. However, from an equally

valid perspective, such as that of display manufacturers, the display will be their system-of-int

erest

and they will then determine the elements within their display system. On a deeper level, Figure 1] also

illustrates the following:

— the importance of defined boundaries that encapsulate meaningful needs and practical solutigns;

— the perception of system structure (in this case, the physical structure, hierarchical in this instance);

— that an entity at any level in a system structure can be viewed as a system;

— thata system is comprised of a fully integrated, defined set of subordinate systems;

— that charactefistic properties at a system's boundary arise from the interactions betyween

subordinatesystems;

— that hufans can be viewed as users external to a system (e.g. air crew and navigation system
as system elements within a system (e.g. air crew and aircraft);

— <that a system can be viewed as an isolated entity (that is, a product), or as an ordered collecti
functions capable of interacting with its surrounding environment, (i.e. a set of services);

=< thata cycfpm can be viewed as pqrf ofa ]:n'gpr cycfpm of cycfnmc and thata cycfnm of cycfnm

and

on of

5 Can

be viewed as a system.

© ISO/IEC 2018 - All rights reserved
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Figure 1 — Typical system view of an aircraft in its environment of use

fever the boundaries chosen to define the system, the.concepts and models in this document are
ic and permit a practitioner to correlate or adapt individual instances of life cycles to its system
bpts and principles.

s document, humans are considered both as users and as elements of a system. In the first case, the
hn user is a beneficiary of the operation of the,System. In the second case, the human is an operator
ing out specified system functions, such~as those involved in providing a service. An individual

can Ipe, simultaneously or sequentially, a user and an element of a system, for example, the pilot of a

priva

Hum
their
hum
prot¢
factg
pers
cycle

NOTH

4.2.3
The

te aircraft in the civil aviation system:

ans contribute to the performanee and characteristics of many systems for numerous reasons, e.g.
special skills, the need for flexibility and for legal reasons. Whether they are users or operators,
hns are highly complex, (with behaviour that is frequently difficult to predict, and they need
pction from harm. Thi§ requires that the system life cycle processes address human element
rs in the areas of: human factors engineering, system safety, health hazard assessment, manpower,
bnnel and training:ZThese issues are addressed by particular activities and iterations in the life
, and are describéd in more detail in ISO 9241-210:2010 and ISO/TR 18529:2000.

ISO/TR18529 is being superseded by ISO/IEC 9241-220 which is under development.

System structure

system life cycle processes in this document are described in relation to a system that is

composed of a set of interacting physical, logical and/or other system elements, depicted in Figure 2,

each

of which can be implemented to fulfil its respective specified requirements. Responsibility for

the implementation of any system element may therefore be delegated to another party through an
agreement.

12
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A system is
composed of a set
of interacting
system elements ... System D
' I ... to achieveione
System System System or more stated
Element Element Element purposes (a
boundary)

Figure 2 — System and system element relationship

The relationship between the system and its complete set of system eléments can typically be res¢lved
in a single step only for the simplest of systems-of-interest. For mere’complex systems-of-inter¢st, a
prospective system element may itself need to be considered as a system (that in turn can be comprised
of system elements) before a complete set of system elements)can be defined with confidende, as
indicated by Figure 3. In this manner, the system life cyclé. processes are applied recursively|to a
system-of-interest to resolve its structure to the point where understandable and manageable system
elements can be implemented or reused, or acquired fromanother party. While Figures 2 and 3 imply
a hierarchical relationship, in reality there are an increasing number of systems that, from one or more
aspects, are not hierarchical, such as networks .and' other distributed systems. So, recursion i§ not
necessarily linearly downward in all cases.

System - of -
Interest
[ ! )
|
System
System L] System Element
1 ) [ : 1
) ] 1
System System System
Element Element System Element Element System
: 1 [ : 1
rﬁ'lv‘—l S I ]
ystom
System Eloment Elomont System Element System
I I 1
mmm—  ETE—— [ | 1
ot System System Sy Sy Syst Sy
'3?2::3 Elomant Eloment Eloment Eloment Eloment Eloment
Figure 3 — System-of-interest structure
42 A4 Enabhling cuctanc
Kkt K l.‘ll(lulllls J] JLCIIIT

Throughout the life cycle of a system-of-interest, essential services are required from systems that
are not directly a part of the operational environment of the system-of-interest, e.g. mass-production
system, training system, maintenance system. Each of these systems enables a part, for example, a
stage, or stages, of the life cycle of the system-of-interest to be conducted. Termed “enabling systems”,
they facilitate progression of the system-of-interest through its life cycle. The relationship between the
services delivered to the operational environment by the system-of-interest and the services delivered
by the enabling systems to the system-of-interest are shown in Figure 4. Enabling systems can be seen
to contribute indirectly to the services provided by the system-of-interest. The interrelationships
between the system-of-interest and the enabling systems can be bi-directional or a one-way relationship

© ISO/IEC 2018 - All rights reserved
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at each stage in which the system-of-interest and specific enabling systems interrelate. In addition
to interacting with enabling systems, the system-of-interest may also interact with other systems in
the operating environment, shown as Systems A, B, and C. Requirements for interfaces with enabling
systems and other systems in the operational environment will need to be included in the requirements

for the system-of-interest.
@
Operational

/ A \

< >
< >

System C in
Operational
Environment

System A in
Operational
Environment

Enabling System

Interaction with
systems comprising the
operational environment

System
of Interest

Interaction

with enabling systems

Figure 4 — System-of-interest, its operational environment and enabling systems

Durihg each stage in the system life cycle, the rele¥ant enabling systems and the system-of-interest
are dqonsidered together. Since they are interdepenident, they can also be viewed as a system. When
a sujtable enabling system does not already \exist, the project that is responsible for the system-
of-inferest can also be directly responsiblefor creating and using the enabling system. Creating the
enabling systems can be viewed as a separate project and subsequently another system-of-interest.
Note|that a given enabling system couldbé used more than once (i.e. several times during a given stage,
or inf multiple stages, or both) during a system’s life cycle, and that such use can have discontinuities.
The enabling system may also bewused concurrently in multiple life cycle stages. Thus, it is necessary
to cdnsider the full life cycle and'concurrency requirements for the enabling systems. For example, a
spec|fic fixture might be uséd,for development retirement, for which there could be a significant time
delay. Or the fixture couldbe needed for development, operations and maintenance, and have activities
requjring the fixture conourrently. As another example, a training aid could be developed as part of the
Congept Stage, then refined and reused in development, operation and maintenance stages.

4.3 | Life cycle’eoncepts

4.3.1 System life cycle model

TH—vv o etV CT—CIreIsTIiT A= an vy CIOTICIIT

its eventual retirement, as defined in 3.43. It is generally useful to build a model of this progression,
showing each stage in the evolution, to help manage the evolution of the system. Models built for this
purpose are termed life cycle models. Movement from one stage to another represents a decision point
with specific criteria to be satisfied before movement to the next stage is allowed. These criteria usually
are directly based either on the completion of specific tasks and demonstration of successful outcomes,
or readiness to start specific tasks in order to achieve required outcomes, from sets of processes, such
as are in ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207. A life cycle model, then, is a decision-linked
conceptual segmentation of the definition of the need for the system, its realization as a product or

Evert—ssstem whatauar thao leind ar o120 1pnhorantly aualuae frara e 1nieia] ~on et ligtian theangh
S5y-5te¥ Ver—tie -5 eHmerenay-everve 5ot HtarcoReeptiartza g1t
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service, or some mix of both, and its utilization, evolution and disposal. Note that the actual progression
of a system through the parts of the model, however done, is the system's life cycle.

NOTE Life cycle, life cycle model and stage are 3.24, 3.25 and 3.50, respectively.

A system life cycle model is segmented by stages because it facilitates planning, provisioning, operating
and supporting the system-of-interest. This segmentation by stages provides an orderly progression of
a system through established decision-making gates to reduce risk and to enable satisfactory progress.

As stated hpfnrr:x’ itisthe need tomake a2 decision to cpnr‘ifir‘ criteria ncna”y process outcome-h Sed’

before a system can progress to subsequent stages that is the most important reason for usingp life
cycle model. Note that it may be useful to develop one or more specific process views from thewiewpoint
of stage transition decision making, following the information given in ISO/IEC/IEEE 15288:2015,
Annex E and ISO/IEC/IEEE 12207:2017, Annex E.

A secondary aspect of using a life cycle model is that it can help an organization think of its work and its
processes within a larger framework, which may have useful business overtones) See, for examplg, the
discussion of a services life cycle model in 6.3.4.1.

Several factors make system life cycle planning, provisioning and opetation difficult to manage.
Economics and market forces, as well as novelty, complexity and operatignal stability affect the lgngth
of a system’s life cycle. Some systems have life cycles that are decdades long (for example, air¢raft,
satellites, ships) and some are very short (for example, instrumentsand consumer electronics).

A typical system, however, progresses through a common series of stages where it is conceptualized,
developed, produced as a product or service (or a mix of both), utilized, supported and retjired.
The life cycle model is the framework that helps ensure\that the system is able to meet its requiired
functionality throughout its life. Thus, to define systenY requirements and develop system solufions
during the Concept and Development Stages, experts in the activities of other stages (for example,
production, utilization, support, retirement) are needed to perform trade-off analyses and to help make
design decisions and arrive at a balanced solution. This helps ensure that a system has the necegsary
attributes designed in as early as possible. Als0, it is essential to have the necessary enabling systems
available to perform required stage functions.

A representative system life cycle model, shown in Figure 5, illustrates this progression. The interfaces
between stages are the decision(points for determining that the system is ready to progrefs to
subsequent stages in its evolution-

Concept | Development | Production | Utilization | Support | Retirement

Figure 5 — Representative life cycle model

The stages)iw’ Figure 5, although drawn as discrete, are in practice interdependent and overlapping.
Further,‘the figure implicitly conveys a uniformity and single linearity of time progression that is not
inherently part of a life cycle model: stages do not necessarily occur one after another in time sequpnce.
Sossone actuality of the “progression” of a system through its life cycle could be as represent¢d in
Figlire 6. When, in this document, reference is made to the next, subsequent, or later stage, this tyjpe of
maodel should be kept in mind to avoid confusion by inferring linear time sequencing. Further, although

each stage is represented in Figure 6, as if it were approximately the same time duration as the other
stages, in actuality, the durations of different stages can be and usually are quite different. For example,
for a given system, the Concept Stage might last only weeks, the development might take months, the
utilization could continue for years and retirement might be accomplished in days.

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved 15


https://standardsiso.com/api/?name=b5553488e87aefcb70fa99e51c40b5e4

ISO/IEC/IEEE 24748-1:2018(E)

Development Iteration and recursion possible on all paths

Concept <> Production [~——>| Utilization | Retirement

k 1 i)
\

—> Support —

Figure 6 — Life cycle model with some of the possible progressions

A system progresses through its life cycle as the result of actions, performed and/nfanaged by people
in organizations, using processes for their performance. The detail in the life cycle model is expressed
in tefms of these processes, their outcomes, relationships and occurrence{ A key aspect of life cycle
management is that each stage requires entry criteria to be met before effort from that stage is allowed.
Further, each stage requires exit criteria before effort on that stage méets are criteria for satisfactory
completion. Since stages can have complex relationships as illustrated in Figure 6, definition of both
entry and exit criteria for a specific stage are needed. For example, if-one stage should be started before
a “preceding” stage is completed, the stage being started shouldhave its own entrance criteria separate
from|the exit criteria of the “preceding” stage. Thus, the use of stages corresponds to satisfying decision
critefia before allowing further progress, providing a strong project control feature, whatever the
sequence of stages within a given system’s life cycle modél:

Five pommon principles associated with a life cycle model are the following:

1) asystem progresses through specific stages.during its life;

2) ¢nabling systems should be available for'each stage in order to achieve the outcomes of the stage;

3) at specific life cycle stages, attributes, such as producibility, usability, supportability and
isposability should be specifiedand designed into a system;

4) jprogression to another stage-requires satisfaction of exit criteria of the current stage and possibly
ntrance criteria for thefollowing stage or stages;

5) ¢xit criteria are usuially based on satisfactory outcomes of the stage being completed and may

include demonsttable readiness to execute the processes in the subsequent stage or stages.
4.3. Systemilife cycle stages

Life pycles Wary according to the nature, purpose, use and prevailing circumstances of the system.
Nevdrtheléss, despite an apparently limitless variety in system life cycles, there is an underlying,
essential set of characteristic life cycle stages that exists in the complete life cycle of any system. Each

stage has a distinct purpose and contribution to the whole life cycle and should be considered when
planning and executing the system life cycle.

The stages represent the major life cycle periods associated with a system and they relate to the state
of the system description or realization of the system's set of products or services. The stages describe
the major progress and achievement milestones of the system through its life cycle. They give rise to
the primary decision gates of the life cycle. These decision gates are used by organizations to contain
the inherent uncertainties and risks associated with costs, schedule and functionality when creating or
utilizing a system. The stages thus provide organizations with a framework within which management
has high-level visibility and control of project and technical processes.

© ISO/IEC 2018 - All rights reserved
16 © IEEE 2018 - All rights reserved


https://standardsiso.com/api/?name=b5553488e87aefcb70fa99e51c40b5e4

ISO/IEC/IEEE 24748-1:2018(E)

Table 1 shows a commonly encountered example of life cycle stages. Also shown are the principal
purposes of each of these stages and the possible decision options used to manage the achievement and
risk associated with progression through the life cycle.

Table 1 — Example of stages, their purposes and major decision gates

Life cycle stages Purpose Decision options

Identify stakeholders' needs

Concept Explore concepts

Propose viable solutions

Refine system requirements
Create solution description .
Development — Begin subsequent stage'or stages

Buil . .
uild system — Continue this stage

Verify and validate system .
y y — Go to or restaft apreceding stage

Produce systems ) o
Production — Hold projegtiactivity

Inspect and test

- —— Terminate project
Operate system to satisfy users

Utilization
needs
Support Provide sustained system ca-
pp pability
Retirement Store, archive or dispose of

system

Organizations employ stages differently to satisfy-contrasting business and risk mitigation stratggies.
Using stages concurrently and, in a few cases,even in different orders, can lead to life cycle fprms
with distinctly different characteristics. Sequential, incremental or evolutionary life cycle fprms
are frequently used. Alternatively, a suitable hybrid of these can be developed. The selection and
development of such life cycle forms by“an organization depend on several factors, including the
business context, the nature and complexity of the system, the stability of requirements, the technglogy
opportunities, the need for different system capabilities at different times and the availability of budget
and resources. In addition, majordecision gates, often called milestones and reviews to focus on mgking
the decisions may be incorporatéd by an organization on an incremental basis within a stage, as well as
at the end of a stage, to further manage risks.

Just as all the system elements of a system contribute to the system as a whole, so each stage of the life
cycle needs to be considered during any other stage of the life cycle. As a consequence, the contribfiting
parties need to goordinate and cooperate with each other throughout the life cycle. This synergigm of
the life cycle stagés and the functional contributors is necessary for successful project actions. {lose
communication’'with project team members from the different functions and organizations responsible
for other life-cycle stages leads to consistency in the life cycle.

4.3.3~ Stages in a system-of-interest and its enabling systems

As' with any system, each enabling system also has its own life cycle. Each life cycle is linked and

syrchromnized to tirat of the systenr-of-interestFor exampte, if amremabling systenT does ot atready
exist, its requirement is defined during the Concept Stage of the system-of-interest (or later if lead times
permit), before the enabling system is utilized as shown in Figure 7 to provide its particular service to
the system-of-interest.

An enabling system may pre-exist the system-of-interest, i.e. be an existing part of the infrastructure of
the organization responsible for the system-of-interest or be in a service supplier's organization. Pre-
existing enabling systems can introduce additional constraints on the system-of-interest.

Each enabling system can itself be considered as a system-of-interest, having in turn its own enabling
systems. Therefore, the concepts in this document can also be applied to enabling systems.

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved 17


https://standardsiso.com/api/?name=b5553488e87aefcb70fa99e51c40b5e4

ISO/IEC/IEEE 24748-1:2018(E)

NEED FOR SERVICES
FROM A
SYSTEM-OF-INTEREST

5 1

5.1

Life
life @
poin
next
appr
entra
exit

Each
thro

¥ Concept System | 4
Concept Development Production Utilization Support [ Retirement :Th S £ .
= The System -of-Interest requirements
H for enabling services
’J Development System |
K T 1
“" ’ Concept Development Progjuction | Utilization | Support l Retirement
o
:' The Enabling System services
3 delivered to the System -of-Interest
; e 4 Production System
H o
! ..~’ Concept Devel jpment Prdfluction Utilization Support [ Retirement
H &
. .
H
v
H IS 4 Support System
H .
H ,0'. Cqpcept Develo] ment Production Utilization Support [ Retirement
o
% . N
B K N n
. % i e Retirement System
D Y H 8
“‘ * N R Co1 fept Development Prod fiction Utilization | Support [ Retirement
, H
s, % . \
., * H <
v, *, N

" D
", . 3 .
N N s -
. . ", .
., ‘. s »
., 0 " H
» LN . B
e, (N ¥
i

. .
A ey Concept lDeve]opment‘ Production| Utilizationl Support I Retirement

...... System -of-Interest

SYSTEM-OF-INTERES
SERVICES TO ITS

OPERATIONAL

Figure 7 — System interaction\with typical enabling systems

Life cycle stages

General

cycle stages are the specific' framework within which system life cycle processes are applied to
ycle models. The value ‘of'stages is that entry into and exit from each stage represents a decision
. Therefore, progress is explicitly gated and the criteria for each step of progress, moving to the
stage is also explicit. These criteria determine when a stage can be exited and when the next
pbpriate stage can-be commenced. For stages that follow each other in linear fashion, the exit and
ince criteriaare the same. However, more complex stage relationships may necessitate separate
ind entrange-criteria.

life eyele process of ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 can be invoked at any point
hgliout the life cycle, as was noted in 4.2.1. The order and sequence in which processes are invoked,

and

when they are invoked, is driven by the project requirements and context: there is no unique

definitive order or time sequence for their use within a stage or across several stages. Note that, for
a given process, the outcome or outcomes for one stage may not be the same as for other stages. It

is ne
supp

cessary to consider the outcome or outcomes for each process invoked during a given stage to
ort the exit criteria for that stage and the entrance criteria for any ensuing stages.

So, system, software, service (or other) life cycle processes can be invoked concurrently, iteratively,
recursively and time dependently in whatever stages of an individual system, software, service, or
other life cycle model applicable to a given project. The scale and rigour of process application in the
listed stages and the duration of these stages will be determined by the varying business and technical
needs of the projects defining and using the life cycle model.
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The processes invoked are generally performed by systems other than the system-of-interest, e.g. by
enabling systems.

This document describes the following six stages as examples:
a) Concept Stage;

b) Development Stage;

¢) Production Stage;
d) Utilization Stage;
e) Support Stage;

f) Retirement Stage.
In the following subclauses, for each example stage, an overview description s given, followdgd by
descriptions of the example stages purpose and outcomes.

5.2 Concept Stage

5.2.1 Overview

The Concept Stage begins with initial recognition of a need or@requirement for a new system-of-interest
or for the modification to an existing system-of-interest..Fhis is an initial exploration, fact finding and
planning period when economic technical, strategic andunarket bases are assessed through acqulirer/
market survey, business or mission analysis, solution space identification and feasibility analysi$ and
trade-off studies. Acquirer/user feedback to the concept is obtained.

One or more alternative concepts to meet the.identified need or requirement are developed thrpugh
analysis, feasibility evaluations, estimationss(such as cost, schedule, market intelligence and logisftics),
trade-off studies, and experimental or prétotype development and demonstration. The need for one
or more enabling systems for develepment, production, utilization, support and retirement % the

system-of-interest is identified and candidate solutions are included in the evaluation of alternatives
in order to arrive at a balanced, life cycle solution. Typical outputs are stakeholder requirements,
concepts of operation, assessment of feasibility, preliminary system requirements, outline archite¢ture
and design solutions in the form of drawings, models, prototypes, etc., and concept plans for enapling
systems, including whele>life cost and human resource requirements estimates and preliminary
project schedules. Decisions are made whether to continue with the implementation of a solution ip the
Development Stage-or to cancel further work.

It is presumed-that the organization has available enabling systems for the Concept Stage that consist
of the methods, techniques, tools and competent human resources to undertake market/economic
analysis_and-forecasting or mission analysis, feasibility analysis, trade-off analysis, technical analysis,
whole}if€ cost estimation, modelling, simulation, and prototyping.

5.2¢2 Purpose

Ttre—ComceptStage s executedto assess Tew busiess Opporturities or missiom assignmrentsand to
develop preliminary system requirements and a feasible architecture and design solution.

5.2.3 Outcomes
The outcomes of the Concept Stage are listed below.
a) Plans and exit criteria for the Concept Stage.

b) The identification of new concepts that offer such things as new capabilities, enhanced overall
performance, or reduced stakeholders' total ownership costs over the system life cycle.
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c) An assessment of feasible system-of-interest concepts, with initial architectural and other
solutions, including enabling systems throughout the life cycle, for closure against both technical
and business or mission stakeholder objectives.

d) The preparation and baselining of stakeholder requirements and preliminary system requirements
(technical specifications for the selected system-of-interest and usability specifications for the
envisaged human-machine interaction).

f) Risk identification, assessment and mitigation plans for this and subsequent stages of system life
¢ycle model.

g) Identification and initial specification of the services needed from enabling systems th¥gughout
the life of the system.

h) Concepts for execution of all succeeding stages.

i) Definition of the enabling system services required in subsequent life cycle stages.
j)  Project budget and schedule baselines and life cycle ownership cost estimatés.

k) $atisfaction of stage exit criteria.

1) Approval to proceed to the appropriate stage or stages, based onithe specific life cycle model in use
by the project.

5.3 | Development Stage

5.3.1 Overview

The [Development Stage begins with sufficiently detailed technical refinement of the system
requjrements, system architecture, and the design solution and transforms these into one or more
feasiple products that enable one or more seryices during the Utilization Stage. The system-of-interest
may [be a prototype in this stage. The hardware, software, operator, process and facility interfaces
are dpecified, analysed, designed, fabri€ated, integrated, tested and evaluated, as applicable and the
requjrements for production, trainingjand support facilities, and transitions, are defined. This stage
also finvolves considering and incorporating into the design the applicable constraints of other stages
(profluction, utilization, suppert; and retirement) and their enabling systems' requirements and
capabilities. Feedback is obtained from stakeholders and those who will produce, operate, use, support
and retire the system-of-interest through such means as a series of technical or other reviews. Outputs
are a/system-of-interestord prototype of the final system-of-interest, refined requirements for enabling
syst¢ms or the enablifig'systems themselves and all documentation and cost estimates of future stages.

Planning for thiS/stage includes preparing to establish an infrastructure of development enabling
systems congisting of facilities, processes, procedures, methods, techniques, tools and competent
humgn reseurces to undertake analysis, modelling and simulation, prototyping, design, integration,
test, fransition and documentation. These items are developed or acquired to be available when needed
to sulpport development.

5.3.2 Purpose

The Development Stage is executed to develop a system-of-interest that meets stakeholder requirements
and can be produced, tested, evaluated, operated, supported and retired.

5.3.3 Outcomes
The outcomes of the Development Stage are listed below.

a) Plans and exit criteria for the Development Stage.
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b) Architectural and design artefacts for the system of interest.

8(E)

c) A system-of-interest structure comprised of, for example, hardware elements, software elements,
human elements, process elements, facility elements and the interfaces (internal and external) of

all such elements.
d) Verification and validation documentation.

e) Transition planning documentation.

f) Evidence supporting a decision, with all risks and benefits considered, that the system-ofsint
meets all specified requirements and is producible, operable, supportable and capable ofretire
and is cost-effective for stakeholders.

g) Refined and baselined requirements for the enabling systems, along with methods and tool
establishing and maintaining traceability between requirements and the develeped system.

h) A prototype or final system-of-interest.

i) Refined outcomes and cost estimates for the Production, Utilization, Support and Retirement St

j) Identification of current risks and determination of their treatment.

k) Satisfaction of stage exit criteria.

1) Approval to proceed to the appropriate stage or stages, based on the specific life cycle model i
by the project.

5.4 Production Stage

5.4.1 Overview

The Production Stage begins with the approval to produce the system-of-interest. The system-of-int
may be individually produced, assembled, integrated and tested, as appropriate, or may be 1
produced. Planning for this stage bégins in the preceding stage. Production may continue throug
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the remainder of the system life-¢ycle. During this stage, the system may undergo enhancemenits or

redesigns, the enabling systems\may need to be reconfigured and production staff re-trained in
to continue evolving a cost-effective service from the stakeholder view.

It is presumed that the ‘prganization has available the budget and enabling systems that cons
production equipment,/facilities, tools, processes, procedures and competent human resources. ]
items are developéd)or acquired in order to be available when needed to enable production.

5.4.2 Purpose

The Production Stage is executed to produce or manufacture the system-of-interest, test it and pro
relatéd\enabling systems as needed.

5.4.3 Outcomes

rder

st of
hese

duce

The outcomes of the Production Stage are listed below.
a) Plans and exit criteria for the Production Stage.

b) Qualification of the production capability.

c) Acquisition of resources, material, services and system elements to support the target production

quantity goals.

d) The system produced according to approved and qualified production information.
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e) Packaged product transfer to distribution channels or acquirer.
f) Updated concepts for execution of all succeeding stages.

g) Current risks and mitigating actions identified.

h) Quality assured systems-of-interest accepted by the acquirer.

i) Satisfaction of stage exit criteria.

i) ipproval to proceed to the appropriate stage or stages, based on the specific life cycle model in use
y the project.

5.5 [ Utilization Stage

5.5.1 Overview

The Ytilization Stage begins after installation and transition to use of the system. The Utilization Stage
is expcuted to operate the product at the intended operational sites to deliver'thé required services
with| continuing operational and cost-effectiveness. This stage ends when, the' system-of-interest is
taken out of service.

Planning for this stage begins in the preceding stages. This stage includes)those processes related to use
of the system to provide services, as well as monitoring performance and identifying, classifying and
repofting of anomalies, deficiencies, and failures. The response to identified problems includes taking
no adtion; maintenance and minor (low cost/temporary) modification; major (permanent) modification
and §ystem-of-interest life extensions, and end-of-life retirenient.

Durihg this stage, the product or services can evolve giving rise to different configurations. Enabling
systgms may likewise evolve. The operator operates thé different configurations and the responsible
product supplier manages the status and descriptions of the various versions and configurations of the
product or services in use.

It is presumed that the organization has ayailable the Utilization Stage enabling system which could
include elements such as facilities, hardwareé and software, processes, procedures, trained personnel,
documentation and data. These items-are developed or acquired in order to be available when needed
to support utilization.

5.5.1 Purpose

The |Utilization Stage is executed to operate the product, to deliver services within intended
environments and to hélpachieve continuing operational effectiveness.

5.5.3 Outcomes
The putcomeSs.of the Utilization Stage are listed below.

a) Plans and exit criteria for the Utilization Stage.

b) Experiemnced personmel with tire competence to be Operators i1 the SYStem-of-IIteTest and provide
operational services.

c) An installed system-of-interest that is capable of being operated and of providing sustainable
operational services.

d) Performance and cost monitoring and assessment to confirm conformance to service objectives.
e) New opportunities for system-of-interest enhancement through stakeholder feedback.

f) Current risks and mitigation actions identified.
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g) Satisfaction of stage exit criteria.

8(E)

h) Approval to proceed to the appropriate stage or stages, based on the specific life cycle model in use

by the project.
5.6 Support Stage

5.6.1 Overview

The Support Stage begins with the provision of maintenance, logistics and other support\fo
system-of-interest's operation and use. Planning for this stage begins in the preceding (Stages
Support Stage is completed with the retirement of the system-of-interest and termination of suj
services.

This stage includes those processes related to providing services that suppott ‘utilization o
system-of-interest. This stage also includes processes to use and monitor the support system itsel
its services, including the identification, classification, and reporting of afiomalies, deficiencies
failures of the support system and services. Actions to be taken as a resultf identified problems
the support system include maintenance and minor modification of the support system and sery
major modification of the support system or services, and end-of-life‘retirement of the support sy
and services.

During this stage, the support system and services can evolve under different versions or configurat
The support organization operates the different versions or éonfigurations and the responsible prd
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organization manages the status and descriptions of thelvarious versions and configurations of the

support system and services in use.

It is presumed that the supporting organization has available the enabling systems, which co
of facilities, equipment, tools, processes, prodedures, trained support personnel and mainten
manuals. The items making up the support ehabling system are developed and acquired in order
ready when needed to support the system-ofinterest.

5.6.2 Purpose

nsist
ance
to be

The support stage is executed:toe provide logistics, maintenance, and support services that enable

continuing system-of-interest\operation and a sustainable service.

5.6.3 Outcomes

The outcomes of thié\Support Stage are listed below.

a) Plans andcexit criteria for the Support Stage.

b) Trainedpersonnel who will maintain the system and provide the support services.

c) Organizational and enabling system interfaces for problem resolution and corrective actions.

d). *Maintained product and services and the provision of all related support services, incly

ding

logistics, to the operational sites.

e) Identification of problems or deficiencies, informing appropriate parties (user, development,

production, or support) of the need for corrective action.

f) Product and service maintenance and corrected design deficiencies.

g) All required logistics support provided, including a spare parts inventory sufficient to satisfy

operational availability goals.
h) Current risks and mitigating actions identified.

i) Satisfaction of stage exit criteria.
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j)  Approval to proceed to the appropriate stage or stages, based on the specific life cycle model in use
by the project. Ordinarily, this would be the Retirement Stage.

5.7 Retirement Stage

5.7.1 Overview

Retifement Stage begins in the preceding stages. This stage begins when a system-of-interest is taken
out df service.

This|stage includes those processes related to operating the system that enables retireméit of the
syst¢m-of-interest (the retirement enabling system), including appropriate disposal f"specified
enabling system elements, and also includes monitoring performance of that enabling system and the
identification, classification, and reporting of anomalies, deficiencies, and failures ©f the retirement
enablling system. Actions to be taken as a result of identified problems include maifitenance and minor
modlfication of the retirement enabling system, major modification of the retirenfefit enabling system,
and ¢nd-of-life retirement of the retirement enabling system itself.

It is presumed that the organization has access to an enabling system, which consists of facilities, tools,
procgsses, procedures, equipment, trained personnel and, as appropriate, access to recycling, disposal
or containment facilities. The items making up the retirement enabling system are developed and
acqujred in order to be ready when needed to perform retirement functions.

This|stage is applicable whenever a system-of-interest reaches its end-of-service life. Such end-of-
service life can be the result of replacement by a new system, irreparable wear, catastrophic failure,
no fyrther use to the user (e.g. through change in mission‘or business direction), or when it is no longer
cost-effective to continue operating and supporting thesystem-of-interest.

5.7.2 Purpose

The |Retirement Stage is executed to provide for the removal of a system-of-interest and related
operptional and support services, and to ®perate and support the retirement system itself.

5.7.3 Outcomes
The putcomes of the Retiremefit)Stage are listed below.

a) Plansand exit criteria for the Retirement Stage.

b) Disposal constraints are provided as inputs to requirements, architecture, design, and
implementation,

c) Any enabling systems or services needed for disposal are available.

d) Agreément to terminate support services.

e) Residual risks and mitigating actions identified.

f) The system elements or waste products are destroyed, stored, reclaimed or recycled in accordance
with safety and security requirements.

g) The environment is returned to its original or an agreed state.
h) Records of disposal actions and analysis are available.

i) Satisfaction of stage exit criteria.
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6 Life cycle adaptation

6.1 General

No two projects are the same. Each organization is driven by the nature of its mission or business, its
social responsibilities and its forward strategy. These provide constraints on available opportunities
that the organization and its projects can exploit. To help exploit opportunities, the organization
establishes policies and procedures to guide the performance of projects. Variations in organizational

policies and procedures, acquisition methods and strategies, project size and complexity, system
requirements and development methods, among other things, influence how a system is-acqyired,
developed, operated, or maintained.

To help establish these policies and procedures and to determine the resourcest/weeded by the
organization, International Standards, such as ISO/IEC/IEEE 12207 and ISO/IECAEEE 15288 cgn be
used to provide specific standardized processes for use within one or more life ¢ycle models. However,
in the interest of cost reduction and quality improvement, the processes’/from the Internatjonal
Standards, as well as life cycle models, may be adapted, in the dictionarysense of the word, for an
individual project to reflect the variations appropriate to the organization, project and system| The
framework for adapting processes is given ISO/IEC/IEEE 15288:2015, Clause 2, 5.5.4 and Annex 4 and
ISO/IEC/IEEE 12207:2017, Clause 4, 5.5.4 and Annex A. The following Clauses of this document] give
guidance for adapting the life cycle model itself.

6.2 Adaptation sequence

6.2.1 General

Figure 8 gives an illustrative sequence of steps that can be followed to adapt the life cycle model to
a particular need. First, the adaptations reflecting the project environment are addressed, and [then
inputs on possible changes are solicited from.potentially affected parties. After that, the specififc life
cycle model is selected.

Identify project Select
m environment and Solicit inputs appropriate

characteristics standards

Seleet ilori
elee Select stages and Docunfe.nt tailoring
development decisions and

rocesses
strategy P rationale

Figure 8 — Adaptation sequence

6.2.2> Videntify the project environment and characteristics

Organizational characteristics may be determined by considering such issues as organizational policies
and prnr‘pdnrnc Idﬂnfify therelevant pn]iripc and prnr‘pr‘]nrnc ofthe organizations involved partic larly

of the acquirer and supplier, with which the project needs to comply. Examples include policies and
procedures related to: security, safety, privacy, risk management, use of an independent verification
and validation agent, use of a specific computer programming language and, hardware resourcing.
Pertinent laws and regulations that may impact the project, including those related to environment,
public safety and privacy, should be identified and subsequently monitored for compliance.

6.2.3 Solicit inputs

The requirements derived from the relevant business or mission and contractual needs are major
drivers in adapting the life cycle model to support using the processes from an International Standard.
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Affected parties should be involved in the adaptation decisions. These parties can help ensure that the
resulting adapted life cycle model is feasible and useful. Where possible, include feedback from previous
projects. For example, the life cycle model for a project using ISO/IEC/IEEE 12207 could be adapted
according to the contract between a supplier and the purchaser of a software product. A customer may
only require the design of software to be carried out and not full development of a software system,
which would be reflected in one or more stages and their relationships in the life cycle model. In another
instance, if the customer requirements are for safety critical software instead of consumer software,
it might be appropriate for the acquirer to require the execution of activities and tasks beyond those

provided 1n I5O/1EC/IEEE 12207, which could, for example, atfect the exit criteria of a specific life cycle
stag¢ or stages.

6.2. Select the appropriate standards

ISO/|EC/IEEE 15288 and ISO/IEC/IEEE 12207 provide an interoperable suite of processesisuitable for
the life cycles of both system and software products. Projects may vary in their relative,emphasis upon
syst¢m and software aspects. This variation may inform the choice of standards appropriate to the

or system projects that have only minor software content, the use of the processes of ISO/IEC/
EEE 15288 may be sufficient. In this case, ISO/IEC/IEEE 12207 need notbe applied.

or software projects that have only minor system-level content, the-ise of the processes of ISO/
EC/IEEE 12207 may be sufficient. In this case, ISO/IEC/IEEE 15288need not be applied.

or projects that have both extensive hardware and softwate content in their system of interest,
he use of both standards may be merited. While the proeess purposes and outcomes are identical
in ISO/IEC/IEEE 12207:2017 and ISO/IEC/IEEE 15288:2015, the activities and tasks are adapted
o suit the respective domain needs. One criterion.for selecting the source of the process may
epend on the acquisition strategy. For example, if the system-level prime contractor is performing
41l system transition (deployment of systems with embedded software), the prime may not be
oncerned with the details of software configuration management performed while the software is
Lnder development by a subcontractor. Such“¢hoices can affect the characteristics of the life cycle

odel that will best support execution ofthe processes in the International Standards that are used.

6.2.3 Select development strategy

Detefmine which development strategy is most relevant and applicable for the system, such as waterfall,
evolytionary, incremental, pre-planned product improvement, or spiral. Each such strategy prescribes
certdin processes and activities’that may be performed sequentially, repeated, and combined; in these
strategies, the life cycle processes in the relevant International Standards should be mapped to the
seledted strategy and, ia-turn, mapped to the specifics of the life cycle model used for the project. For
evolutionary, increméntal, and pre-planned product improvement models, the outputs of one project
activjity feed into the hext. In these cases, the documentation should be complete at the end of an activity
or a fask and the €xit criteria of the life cycle model should reflect that fact. (Annex E of this document
provjdes guidance on development strategies and build planning.)

Note| that the determination of development strategy must be performed for the system and for each
systgm-element that is itself developmental and similarly for all enabling systems.

6.2.6 Select stages and processes

Identify the relevant life cycle model stages that need to be distinguished for the project, as well as
their entry and exit criteria and their relationship (serial, parallel, wholly or partly combined). Define
the outcomes that determine successful completion of each of the stages and the milestones or decision
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gates that distinguish them. Also, select and prioritize the processes of the appropriate International
Standards that will be implemented to achieve the outcomes of the stages.

NOTE In implementing a suite of processes intended to be applied uniformly throughout an organization,
it is usually preferable to start with those processes that will achieve the most significant returns, rather than
attempting to implement all of the International Standard at once.

International Standards, such as ISO/IEC/IEEE 15288 or ISO/IEC/IEEE 12207 do not define the
sequencing of processes and activities and they do not prescribe any particular life cycle model.

Mapping the organization's current processes, practices and/or methods to the processes, actiyities
and tasks of the applicable International Standard is useful at this stage. The mapping may, be jused
to verify the completeness of the approach; that is, to identify where gaps exist between‘the cufrent
situation and the target situation where processes from the International Standard are used.

6.2.7 Document the adaptation decisions and rationale

When applying International Standards, such as ISO/IEC/IEEE 12207 or ISO/IEG/IEEE 15288, a magping
of the defined processes and activities onto the selected life cycle model shouldbe documented, tog¢ther
with the determined relationships and the reasons for adopting this appreach. The verification of this
work is to demonstrate that the outcomes of each stage will be achieyed by the processes selectgd to
implement the stage. This documentation should be incorporated inte'the project management plan for
implementing the applicable International Standard as it provides'a reference framework for evaluating
the success or otherwise of the approach taken.

Specific guidance and examples of adaptation can be found in ISO/IEC/IEEE 24748-2 and ISO/IEC TR
24748-3, the application guidelines for International Standards ISO/IEC/IEEE 15288 and ISO/IEC/
IEEE 12207, respectively.

6.3 Life cycle model adaptation guidance

6.3.1 General

ISO/IEC TR 24748-3:2011, Clause 5,@nd ISO/IEC/IEEE 24748-2:—, 5.8 provide general guidange on
adapting applications of International Standards ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288.|This
sub clause provides guidance onlife cycle model scope and stage adaptation, as well as adaptation for
specific domains, disciplines and specialities.

Whatever life cycle modeldis used in dealing with problems arising during the execution of life gycle
processes, it is useful t0 maintain a unified problem reporting capability. By its nature, a unified
capability may deahwith large numbers of problems. It is therefore useful to categorize the problems
in various waysCArinex G describes two classifications: by category and by priority. Others may be
applicable in particular situations.

Additionaladaptation considerations can be found in the conformance requirements of the Internatjonal
Standard’

632 Scope adaptation

AS dIl eXalnpie, if am organization does development omnty and 15 ot invotved i the utitizatior, support,
or retirement life cycle stages that organization could adapt the scope of the applicable International
Standard accordingly by selecting only the appropriate processes. The policies and procedures called
for in the non-applicable parts of the International Standard would not be included in the organization's
policies and procedures. Additionally, inputs such as those listed below can help shape the policies and
procedures of an organization are the following:

a) life cycle model and related entry or exit criteria used by the organization for decision making, as
well as for establishing milestone reviews of a project. Select one or more appropriate life cycle
models for the project, since hardware, software, humans and other aspects of the system may
have their own life cycles. Determine whether the hardware, software, or other life cycle model is a
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sub-part of the life cycle model of the system of interest, or enabling system, or is the complete life
cycle model;

b) resource availability and the resources the organization is willing to commit;

c) expertise and skills available to the organization to provide the organization's products and
services;

d) technology available for the organization's products and services.

6.3.3 Stage adaptation

Depgnding on the specific system-of-interest and the environment in which a project is established
to rdalize it, stages may be combined, eliminated, or added to the generic model. For example, an
orgahization may buy a concept, establish a project to design and produce a system, then turn’the result
over|to another organization for marketing to consumers, or operation and maintenafice. In another
case, there could be repeated iterations between concept and development stages ordengthy evolution
after| fielding of a system. Each stage in these cases would have different criteria fof.entry and exit, as
well ps possibly drawing on different processes. Accordingly, each stage in the life-Cycle, as well as the
juxtgposition of each stage with those before and after it, requires specific consideration for the project
and §ystem to be realized.

6.3.4 Life cycle model adaptation for domains, disciplines and specialties

6.3.4.1 Adaptation for domains

The life cycle model that is appropriate at the system level may need adaptation if the system-of-
interfest falls largely or entirely within one domain, such*as’software. Further, the life cycle model that
best|reflects events in one domain (such as software)may not be equally suitable for others (such as
hardware, humans, processes, procedures, facilities and naturally occurring entities), as is illustrated
by the examples shown in Figure 9. Note that, ferssimplicity of illustration, these are drawn as if the
stages are linearly sequential. However, as discussed in 4.3.1, the relations between stages are usually
mor¢ complex.

The |ife cycle stages shown are illustrative only; this is not an exhaustive list of possible life cycle
models. For example, using life cycle models is just as relevant to services as it is to hardware, software,
or other products. A life cycle model-for service management could include stages of: Service Strategy;
Servjce Design; Service Transition; Service Operation and; Continual Service Improvement, as shown
in Figure 9. The advantage(to-a service organization of using a life cycle model approach is that it
giveg them a unifying framework for examining what processes they need to have do their work. If a
service management organization viewed itself as doing nothing but service operations, not thinking
in tefms of a life cyclesmodel, it could, for example, fail to consider continual service improvement or
not gccasionally re~examine its service strategy. That could make the organization less desirable to a
custgmer compared to a service management organization that uses a life cycle model framework to
keep|its competitive view, as wide as possible.

Note| that,\for all models, the length of any one stage or of the entire model, does not represent any
uniforimtime scale or coincident start or stop timing.

The basic point is that each domain should be considered as an entity that can have a series of stages
through which it goes, forming a life cycle model for that domain. As a result, when a system has
elements that span multiple domains,

a) every domain's life cycle model should be thought through, and

b) the life cycle models and their stages should be considered as a whole and care taken that they
work in concert.
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System Concept | Development| Production | Utilization |Support |[Retirement|
Software Concept Development Operation & maintenance | Retirement
Hardware Concept | Design | Fabrication | Operation & maintenance |Retirement
S . Service Service Service Service Continual service
ervices strategy design transition operation improvement
Skill needs ‘iae . . . .
A t
Human definition | Acauisition Training | Skills use.& maturation |Retirement
Facility Rendering Structure & Pérmitting| Construction Operation g i rement
site design & maint.
Process Ol.ltl."ft Flov.v Writeup Pilot . Use & Retirement
definition charting use | improvement
Natural entity Acquisition Development Exploitation Retirement
Figiure 9 — Illustrative examples of domain life cycle models
6.3.4.2 Adaptation for disciplines
In general;life cycle models would not need to be developed or adapted for a specific discipline {such
as meghanical engineering, electrical engineering, civil engineering, quality, system administration).

Instead, the processes associated With the life cycle model(s] in which that discipline is used wou d be

could be adapted to the specific facﬂlty pI‘O]eCt In addltlon some detalls mlght be adapted to reflect
civil engineering concepts, practices, or terminology.

6.3.4.3 Adaptation for specialties

6.3.4.3.1 General

The focus of International Standards for systems and software is on the engineering, operation,
maintenance and disposal of complex man-made products. Each product can have critical qualities
that should be considered, with possible adaptation of specific processes, so that the product can be
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successful. The list of these critical qualities is long and not well agreed on and could include, but not
be limited, to such areas as: human factors, health and safety, reliability, maintainability, availability,
supportability/usability, security, environmental impacts (including disposability), electromagnetic
compatibility, mass properties, interoperability. These critical qualities, although requiring special
knowledge and expertise in one area, generally cannot be evaluated in isolation from each other. For
example, assessments of safety, human factors, and environmental compatibility may need to be done
as one integrated effort and that assessment could link to yet others. Some, though obviously not all, of
the critical qualities are discussed below to illustrate adaptation for specialities.

6.3.4.3.2 Human

Humpn interaction with products and services associated with a system should be looked at. from
the perspective of impacts on operators, users and the general public. Impacts should be Gnalysed
to d¢termine adverse impacts that should be avoided or mitigated through product relatéd design
requjrements that could mitigate the adverse impacts identified.

6.3.4.3.3 Health

Planned usage rates and environments, operational concepts and other requirements can present
health risks with respect to potential damage to human life including opérators and others (both
peoplle and animals) that come in contact with the product or exist within its operational environment.
Use fases, human-machine interfaces, operating environments, electromagnetic radiation, heat and
nois¢ emissions and waste materials should be analysed to determirie such risks. Outcomes from such
analyses should include specific health concerns and recommendations as to health-related design
requjrements that could prevent the health hazards identified.

NOT Health issues can persist after the product is retired.

6.3.4.3.4 Safety

Operjational concepts and other product requirengents can present safety risks with respect to potential
damgige to human life, property and the environment. Use cases, human-machine interfaces, operating
envifonments, electromagnetic radiation, heat and noise emissions, waste materials and failure modes
should be analysed to determine such risks: Outcomes from such analyses should include specific safety
concerns and recommendations as to-safety related design requirements that could prevent the safety
hazalrds identified.

6.3.4.3.5 Security

Operfational concepts, usage environments and other product requirements can present security risks
with|respect to the product and its users. Risks include 1) access and damage to personnel, properties
and |nformation, 2)~cerruption, theft or compromise of sensitive information, 3) denial of approved
acce$s to property~and information, 4) unauthorized system access and 5) loss of life or property.
Appljcable areas’of security should be analysed to include physical security, communications security,
computer seewrity and electronic emissions security. Outcomes from such analyses should include
specific ,seeurity concerns and recommendations as to security related requirements that could
mitigate the security risks identified.

6.3.4.3.6 Interoperability

Data flows are essential within a product and possibly between products so that operational
functions can be successfully performed over the product's life. The potential failure causes of data
(or information) to flow properly should be analysed to include use of appropriate communication
connectivity protocols with external systems or internal systems within a system structure. Outcomes
from such analyses should include specific interoperability concerns and recommendations as to
related design requirements that could improve interoperability.
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6.3.4.3.7 Usability

The operational effectiveness and hence the acceptance of many products depends on a user's ability
to realize the intended capability of the product. Systems that include human elements depend
on operators of the product performing tasks within specified times and required accuracies and
with efficient and effective resource utilization. Use cases, human-machine interfaces, operating
environments and training and operating procedures should be defined based on targets for usability
such as understandablllty, learnablllty, operablllty and attractiveness, and evaluated against quality of

usc LFlLCrld, SUCIT a5 ellBLLlVBIlebb pFUQULLlVlLy, bdlBLy amd satisfaction:

6.3.4.3.8 Dependability

The failure potential of any part of the product will determine whether the product will be available
when and as long as it is needed during any operational use and at any given (random) time. Faftors
that affect dependability include mean-time-between-failures, mean-time-to-repaitand administrptive
down time. Such factors should be analysed to determine their impact over the product life. Outcpmes
from such analyses should include specific dependability concerns and recominendations as to related
requirements that could help make the product more dependable.

6.3.4.3.9 Environmental impacts

The impacts on the environment from short and long-term use ofa product, and disposing of hazarndous
materials related to its use or retirement, can present risks to all life forms. Risks include loss of life,
illness and lowering of the standard of living. Environmental impacts as a result of use or dispogal of
waste products from product use or from disposal of thepsoduct or one of its elements that have redched
end-of-life, should be analysed. Outcomes from such‘analyses should include specific environmgntal
impact concerns and recommendations as to related-requirements that could reduce risks related to
product use and eventual disposal.

6.4 Adapting evaluation-related activities

Persons who are involved in any activityof the life cycle of a project or a process may conduct evaluafions
either on their own or other's produéts'and activities. This document groups these evaluations int¢ five
categories, which are listed below, The first four evaluation categories are at the project level; the last
one is at the organizational leyel: These evaluations should be selected and adapted proportional tp the
scope, magnitude, complexity, and criticality of the project or of the organization. The problem,|non-
conformance, and improvement reports from these evaluations feed back into one or more of thg life
cycle processes shown in/Figure 9.

a) Process-internal evaluations are conducted by personnel performing the assigned tasks withip the
process during their day-to-day activities.

b) Verifieation and Validation are conducted by the acquirer, the supplier, or an independent party, to
verify~and validate the products in varying depth depending on the project. These evaluations do
ndt duplicate or replace other evaluations, but supplement them.

e). (Joint reviews and audits are conducted in a joint forum by the reviewing and reviewed parties to
evaluate status and compliance of products and activities on a pre-agreed to schedule. Additlronal

guldance on joint reviews Is given in Annex F.

d) Quality management is conducted by personnel independent of the personnel directly responsible
for developing the product or executing the process. The goal is to independently assure conformance
of the products and processes with the contract requirements and adherence to the established
plans. This process may use the results from a, b, and c above as inputs. This process may coordinate
its activities with those of a), b), and ).

e) Improvement is conducted by an organization for efficient management and self-improvement of
its process. This is conducted regardless of project or contract requirements.
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7 Relationship with detailed process standards

This
Inter

document gives overall guidance on life cycles and adaptation that can be applied across the
national Standards (the conformance documents) that could be applied to a particular situation.

Further guidance on the application of the processes of each applicable International Standards
would come from other International Standards and documents. These relationships are illustrated in

Figure 10.

ISO/
of pr

ISO/IEC/IEEE 24748-1
(Life cycle management)
= Concepts = Models = Stages
* Model use = Adaptation
Guidance
ISO/IEC/IEEE 24748-2;
ISO/IEC TR 24748-3
etc.
= Application in specific context
IS0 9001
I1SO/IEC/IEEE 1SO 14001
15288
(Systems) ISO/IEC 15408
Conformance 1S0/IEC15504
I1SO/IEC/IEEE ISO/IEC 26702
12207 ISO/IEC 27000
(Software IEC 60300
systems) 1EC 64508
Etc.
System Specialty

Figure 10 — ISO/IEC/IEEE 24748 relationship to detailed process standards

EC/IEEE 15288 and ISO/IEC/IEEE 12207define a generic, top-level framework based upon a set
pcesses that can be combined into varigus suitable life cycle models. These documents do not, and

are not intended to, define in detail systems engineering, software engineering, or the engineering

of sy

do t
engi
betw

The
treat
appli
defin
systg
IEEE

stems. However, the documents“are expected to strengthen the relationships among systems

is through promotion of consistent and uniform terminology among the various domains and
eering disciplines. They are'also intended to establish interactions and improved communication
een the various engineering disciplines needed to create systems.

engi{eering, software engineering, and other affected engineering disciplines. They are intended to

bther International*Standards address either domains (e.g. aircraft, cloud services) in detail, or
specific disciplines or specialties. The International Standards are used as the basis for building
cable sets oflife cycle processes that provide activities to achieve a stated goal. The processes
ed by thetlnternational Standards are likely to be invoked during the whole life cycle of the
m. The International Standards are, in turn, supported by application guidelines, such as [SO/IEC/
24748-2 for systems and ISO/IEC TR 24748-3 for software. This document thus provides spanning

guid

hince.in two key areas of interest across domains and disciplines, complemented by the specific

confgrimance and guidance documents for each area. A more detailed view of the emphasis given each

area

(e.g. process definitions) by each of the International Standards and the related documents is

shown in Table 2.
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Table 2 — Overview of coverage and emphasis among International Standards and Guidance

Documents
Area ISO/IEC/IEEE | ISO/IEC/IEEE ISO/IEC/IEEE ISO/IEC/IEEE ISO/IEC TR
15288 12207 24748-1 24748-2 24748-3
Process definitions Systems Software General overview: n/a n/a
engineering engineering what a process
and common is and pointer to
standards
Life cycle concepts Summary Detail n/a n/a
Life cycle stages Summary Detail n/a n/a
Life cycle tailoring Process requirements General guidance | Specific detail for Specifjc
systems detail for
engineering softwafre
engineering
Life cycle n/a General guidance |- Domain-specific Domaip-
application/usage guidance specifjc
guidanice
Life cycle model n/a General guidance | Domain-specific Domaip-
examples/ examples specifc
illustrations examples
Terminology Systems Software Lifercycle and point- As needed As needed
engineering engineering erto standards
System process key Summary n/a n/a Detail in systems n/a
concepts context
Software process n/a Summary n/a n/a Detail in soft-
key concepts ware
context
Organization/ Summary Summary in life | Detail in systems | Detail in soft-
project cycle context context ware
application context
Process application Summary Summary in life | Detail in systems | Detail in soft-
cycle context context ware
context
Process tailoring Normative requirements Summary in life Example for Examplg for
cycle context systems softwalre
Process referencé Detail General n/a n/a
model description and
pointer to
standards
Specialty Summary Summary inlife | Detail in systems Detail fin
applications cycle context context softwafre
context
Conformance Included n/a n/a n/a
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Annex A
(informative)

Process concepts

General

cation of ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 presupposes an understanding of process
Epts.

1  Process concepts are introduced in ISO/IEC/IEEE 12207:2017, 5.5, and ISO/IEC/IEEE'15288:2015, 5.5.

2 ISO/IEC TR 24774 provides guidance on process descriptions, which have been applied to the process
iptions used ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207.

focus of ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 is on the processés that are applied within

cycle. The processes can be used by organizations (for examplefunctional organizations and
cts) that play the role of acquirer, supplier (for example main contractor, subcontractor, or service
jder) or management to fulfil responsibilities pertaining to the system of interest. Additionally,
rocesses in ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 can’be used as a reference model for
sments under the ISO/IEC 33000 family of standards.

hbcess is an integrated set of activities that transformyinputs (for example a set of data such as
frements) into desired outputs (for example a set of\data describing a desired solution). Controls
enabling mechanisms are associated with pregesses. These relationships are illustrated in

‘e A.1 and described in A.1.1 through A.1.4.
CONTROLS
Eirectives
Constraints
0 QUTPUTS
INPUTS
Processed data
Data 2 PI'OCESS Products and

hatenal ﬁ cervices

ENABLING MECHANISM S
Fesources (infrastructure and workforce)
Tools
Technologies

Figure A.1 — Example process inputs and outputs

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

actio

n. For this purpose, ISO/IEC/IEEE 12207:2017, 4.1, NOTE 5 and ISO/IEC/IEEE 15288:2015, 2.1,

NOTE 5 carefully employ certain auxiliary verbs to differentiate between the forms of tasks:

a) “Shall” is used to express a requirement of ISO/IEC/IEEE 15288:2015 or ISO/IEC/IEEE 12207;
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b) “Should” to express a recommendation;
c) “May” to indicate permission.

Within a life cycle stage, processes are performed as required to achieve stated objectives. The
progression of a system through its life is the result of actions managed and performed by people in one
or more organizations using the processes selected for a life cycle stage.

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 theoutput;

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

A.1.2 Outputs

Outputs can go to other processes or back to the same process (recursive processing) insid¢ the
organization, project (or both), or they can go outside thie project or organization, or both. Examples
of outputs parallels the examples given for inputs in~A.1.1. However, the outputs are often (buft not
necessarily) transformed in some way by the process being examined.

A.1.3 Controls

Processes can be controlled by organizational or organization management directives and constrpints
and by governmental regulations and laws’ Examples of such controls on a process include:

a) the project agreement;

b) theinterfaces with processestused on other systems for which the project is responsible (see Clause
5.6.3 of this document);

c) the applicable systemtlife cycle stage or stages;

d) internal standard practices of the organization, or the part of the organization, that has project
responsibility

A.1.4 Enabling mechanisms

Each process can have a set of process enabling mechanisms such as listed below:

a) ‘vthe workforce that performs the tasks related to the process;

H) other resources required by the process such as facilities_equipment and funds;

c) tools (for example software and hardware, automated, manual) required for performing the
process activities;

d) technologies required by persons performing the activities including methods, procedures and
techniques.

The processes defined in ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 can be used by any organization
when acquiring and using, as well as when creating and supplying, software or a system. They can be
applied at any level in software’s or a system's structure and at any stage in the life cycle.
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The

life cycle processes are based on principles of ownership (a process is associated with a

responsibility, discussed further in A.6) and modularity. That is, the processes are the following:

a) strongly cohesive, meaning that all the parts of a process are strongly related;

b) 1

oosely coupled, meaning that the number of interfaces among the processes is kept to a minimum.

The processes described in ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 are not intended to preclude

or di

scourage the use of additional processes that organizations find useful.

OrgaInizations, when considering a new project, should select a life cycle model, such as shown_in

Figu]
Deci
life ¢
of a

orga

IS0/
syste
Tech
tasks

re 9 and the necessary life cycle processes to satisfy applicable life cycle stage entry or exit criteria.
sions as to which processes to select should be based on cost-benefit or risk reduction. Within a
ycle stage, processes are performed as required to achieve stated objectives. The progression
bystem through its life is the result of actions managed and performed by people in-Gn€ or more
hizations using the processes selected for a life cycle stage.

EC/IEEE 15288:2015 and ISO/IEC/IEEE 12207:2017 provide a specific example“of four groups of
m life cycle processes: Agreement, Organizational Project-enabling, Technieal”’Management and
hical. Each process has a specific purpose, a set of expected outcomes and\a set of activities and
. Each group of processes is described in Clause 6 of each referenced Iaternational Standard and

sumimarized below.

NOTH
ared
and t

A.2

Each|
poin
deta
mult
cany
that

statd

The process groups in ISO/IEC/IEEE 15288:2015 and ISO/IEC/IEEE 12207:2017 are identical. There
fferences between the two standards at lower levels within a given gfoup (i.e. purpose, outcomes, activities
hsks). Those differences do not affect the discussion of project gréups in this sub clause.

Process application

system life cycle process in Figure A.2 can be jnvoked, as required, at any point, and at multiple
s, throughout the life cycle and there is no definitive order or time sequence in their use. The
led purpose and timing of use of these pfocesses throughout the life cycle are influenced by
ple factors, including social, trading, organizational and technical considerations, each of which
ary during the life of a system. An individual system life cycle is thus a complex system of processes
will normally possess concurrent, jterative, recursive and time dependent characteristics. These
ments are true for both a system=0f-interest and any enabling systems.
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System Life Cycle Processes

Agreement
Processes

Acquisition Process
(Clause 6.1.1)

Supply Praocess

Technical
Management
Processes

Project Planning Process
(Clause 6.3.1)

Technical
Processes

Business or
Mission Analysis
Process (Clause 6.4.1)

Stakeholder Needs &

NOTEX

(Clause 6.1.2)

Organizational
Project-Enabling
Processes

Life Cycle Model
Management Process
(Clause 6.2.1)

Infrastructure
Management Process
(Clause 6.2.2)

Portfolio
Management Process
(Clause 6.2.3)

Human Resource
Management Process
(Clause 6.2.4)

Quality Management
Process
(Clause 6.2.5)

Knowledge Management
Process
(Clause 6.2.6)

Project Assessment and
Control Process
(Clause 6.3.2)

Decision Management
Process
(Clause 6.3.3)

Risk Management
Process
(Clause 6.3.4)

Configuration
Management Process
(Clause 6.3.5)

Information Management
Process
(Clause 6.3.6)

Measurement Process
(Clause 6.3.7)
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Design Defirfition
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L4

implementation Process
(Clause 6.4.7)

Integration Process
(Clause 6.4.8)

Verification Process
(Clause 6.4.9)

Transition Process
(Clause 6.4.10)

Validation Process
(Clause 6.4.11)

Operation Process
(Clause 6.4.12)

Maintenance Process
(Clause 6.4.13)

Disposal Process
(Clause 6.4.14)

Figure A.2 — System life cycle processes

In Figure A.2, the sub clause numbers refer to the sub clauses in ISO/IEC/IEEE 15288:2015 and

IEGAEEE 12207:2017 where the processes are described, not to the clauses in this document.

NOTE 2

In ISO/IEC/IEEE 12207:2017, the heading for the figure in that standard is Software Life

150/

Cycle

Processes and the process in ISO/IEC/IEEE 12207:2017, 6.4.3 is titled System/Software Requirements Definition

Process.

Concurrent use of processes can exist within a project, e.g. when design actions and preparatory actions
for building a system are performed at the same time, as well as between projects, e.g. when different
system elements are designed at the same time under different project responsibility.

The changing nature and complexity of the influences on the system (e.g. operational environment
changes, new opportunities for system element implementation, modified structure and responsibilities
in organizations) requires continual review of the selection and timing of process use. Process use in
the life cycle is thus dynamic, responding to the many external influences on the system.
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The life cycle stages assist the planning, execution and management of life cycle processes in the face
of this complexity in life cycles by providing comprehensible and recognizable high-level purpose and
structure. Precedence, particularly in similar market and product sectors can assist the selection of
stages and the application of life cycle processes to build an appropriate and effective life cycle model
for any system.

A.3 Process groups of ISO/IEC/IEEE 15288:2015 and ISO/IEC/IEEE 12207:2017

The four process groups of ISO/IEC/IEEE 12207:2017 and ISO/IEC/IEEE 15288:2015, as well as thé
primary relationships between the groups, are portrayed in Figure A.3. The role of the Organizatiohal
Projgct-enabling and Technical Management 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
projdgct effectiveness. The Technical Management processes provide requirements so that adequate
planhing, assessment, and control activities are performed to manage processes and life cy¢le stages.

Appijopriate processes are selected from the Technical Processes and used to populate projects in order
for the project to perform life cycle related work.

o/ Agreement Used to arriveat and
I " Processes satisty an.agreement
Deliverable that
satisfies agreement |ﬁ Used to establish requirements .
\Y
Used to assess | Organizationa@)ject-

quality and progress Enabling\@cesses

SRR 5 SU— Used to create, support and

; moanitor projects
System-of- 5
4_ Used to manage"_| Technical Management

Life cycle stages | [ife cycle stages Processes
i (S1, 52, s 1) 7'y ]
"""""""""""""""""""" ) Used to manage technical
f Outcomes used to rocesses
Used to create products and '  aSS€SS pI Oglr ess
services of life cycle stage % Technical
that meet requirements Processes

Figure A.3 — Role ofthe ISO/IEC/IEEE 15288:2015 and ISO/IEC/IEEE 12207:2017 processes

Proj¢cts may ne€d-to establish relationships with other projects within the organization, as well as
thos¢ in other.organizations. Such relationships are established through the agreement processes of
acqujsition and supply as shown in Figure A.4. The degree of formality of the agreement is adapted to
the internalor external business relationships between projects.

NOTH An example and discussion of the use of the agreement processes is provided in ISO/IEC/IEEE 24748-

2:—,6.7.1.

© ISO/IEC 2018 - All rights reserved
38 © IEEE 2018 - All rights reserved


https://standardsiso.com/api/?name=b5553488e87aefcb70fa99e51c40b5e4

ISO/IEC/IEEE 24748-1:2018(E)

Project span

of control “—u

System- .
of- =
interes

| /
Acquiring Supplying
organizations organizations
Used to acquire __ | Agreement |__ Usedtosupplya
a product or service processes product or service

Figure A.4 — Use of agreement processes

A.4 Agreement processes

The agreement processes are applicable for establishing the relationship and requirements betyween
an acquirer and supplier. The agreement processes provide the basis for initiation of other prpject
processes to enable arriving at an agreement to conceivegdevelop, produce, utilize, support, or retire a
system and to acquire or supply related services.

The agreement processes can be used for several putposes, such as listed below, to

a) form and specify completion of an agreemént between an acquirer and a supplier for work{on a
system at any level of the system structure,

b) establish and carry out agreements to-acquire a system or related enabling system services,

c) obtain work efforts by consultants, subcontractors, organizations, projects or individuals or teams
within a project, and

d) provide the basis for clesing an agreement after the system has been delivered or work has |peen
completed and payment made.

A.5 Organizational project-enabling processes

OrganizationalDproject-enabling processes are for that part of the general management thpt is
responsible ‘for establishing and implementing projects related to the products and services ¢f an
organization. Thus, the organization through these distinct processes provides the services that|both
constfain and enable the projects, directly or indirectly, to meet their requirements.

Thé Organizational Project-enabling Processes included in International Standards, such as ISOfIEC/
TEEE 12207 and ISO/IEC/IEEE 15288 are not necessarily the only processes used by an organizpation

for governance of its business. For example, organizations also have processes for managing accounts
receivable, accounts payable, payroll processing and marketing. These business-related processes
are not directly within the scope of the mentioned standards and thus are not discussed further in
this document. The Organizational Project-enabling Processes of ISO/IEC/IEEE 15288 and ISO/IEC/
IEEE 12207 are constrained in their scope to the aspects of those processes that are required to bound
and guide the project, even though there are implicit relationships that the organization should address
elsewhere, for example, in the Human Resource Management Process.

For multiple projects involved in or interfacing with an organization or for a teaming arrangement
among external organizations, other organizational project-enabling processes can be appropriately
tailored.
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To perform these processes, it is not intended that a new organizational unit or discipline within an
organization be created. Identified and defined roles, responsibilities and authorities may be assigned
to individuals or established organizational units. When necessary, however, a new organizational unit
can be formed.

The

organizational project-enabling processes have specific objectives to fulfil, such as listed below are

the following:

A.6
The

plala' ide he _pnrone ean

purpose and objectives;

¢stablish an orderly approach to starting, stopping and redirecting projects;

define organizational policies and procedures are defined that set forth the relevant dife-cycle
processes of the International Standards cited above and that are applicable to project§ within the
prganization and its constituent parts;

¢elect and provide appropriate models, methods and tools are selected and provided to projects so
that they can complete process activities efficiently and effectively;

provide adequate resources for the project to meet budget, schedule and performance requirements
vithin acceptable risks and train human resources for completing their résponsibilities;

deliver project work products of a suitable quality for delivery to customers;

fetain knowledge acquired during the execution of a projectds retained in a form that is accessible
for future needs.

Technical management processes

fechnical management processes are used to manage technical process activities and to assure

satisfaction of an agreement. Technical management processes are performed to establish and update
plan$, to assess progress against plans and.\System requirements, to measure and control work
efforfts, to make required decisions, to mafage risks and configurations and to capture, store, and
dissgminate information. Outcomes fromlperforming the technical management processes help in the
accomplishment of the technical processes.

The

technical management processes apply to technology exploration projects that are most often

part|of larger projects. When~that is the case, the appropriate technical management processes
are performed at each level of the system structure. These processes also apply when performing
orgahizational project-enabling processes or carrying out the activities related to a life cycle stage,
including utilization, support and retirement.

Wheh several projécts co-exist within one organization, technical management processes should be
defined to allow ferthe management of the resources and performance of the multiple projects.

A.7
The

Technical processes

echnical processes are qpplirqh]p acrass all life (‘yrlp stages For PY;\mp]P’ the fn]]m/\ling Technical

Processes from ISO/IEC/IEEE 12207:2017 and ISO/IEC/IEEE 15288:2015 should be performed to

engi
a)
b)
<)

neer a system.
Business or Mission Analysis Process
Stakeholder Needs and Requirements Definition Process

System Requirements Definition Process

d) Architecture Definition Process
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e) Design Definition Process
f) System Analysis Process
g) Implementation Process
h) Integration Process

i) Verification Process

8(E)

j)  Transition Process

k) Validation Process

1) Operation Process
m) Maintenance Process
n) Disposal Process

NOTE The titles of these processes are identical to those in ISO/IEC/IEEE-12207:2017 except for c), wh
System/Software requirements definition process in that document.

These processes should be performed to satisfy the entry or exit criteria of a system life cycle sta
set of stages. For example, they may be used during early system life cycle stages to create a feq
system concept, determine technology needs and establish\future developmental costs, sche
and risks. During ensuing life cycle stages the technical processes may be used to define, realize

ich is

oe or
sible
Hules

and

make use of a new system. During later system life cycle.stages, they may be used on legacy systeins to

make technology refreshments or technology insertionts, as well as to correct variations from expge
performance during production, utilization, suppeyt or retirement. These processes apply to b
system-of-interest and its enabling systems.

The last three Technical Processes listed.(Operations Process, Maintenance Process and Disj
Process) can be used during any systent’life cycle to accomplish the objectives of a life cycle ;
and support the technical processes used for engineering a system. The Operations Process an
Maintenance Process can be performed, as applicable, to support a particular version of a system|
Disposal Process can be performedto deactivate legacy systems, to dispose of legacy systems a
safely dispose of by-products from system use.

There may be additional teehnical processes used for a specific technical domain within a system,
as software, hardware/humans, or facilities, which would be discussed in the appropriate Internat
Standard for that technical domain.

A.8 Processes under key views

ISO/IECAEEE 12207 and ISO/IEC/IEEE 15288 contain processes that are applicable throughout
cycle,However, these processes may be used in different ways by different organizations and pa
withdifferent views and objectives. This sub clause presents processes and their relationships u
keyviews.

cted
bth a

bosal
tage
1 the
The
nd to

such
jonal

h life
rties
nder

nder

different views of the usage of either document. The basic views shown are: contract, management,

technical management, engineering, operating, support and project. Further discussion of views,
creation and use, is given in Annex D.
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Agreement Processes
employ | JAcquisition Supply CONTRACT VIEW Acquirer,
- - P 1___->P T~ ——— Supplier
rocess Contract Tocess PP
\employ I employ
J
Organlzalonal Project-enabling Pi)cesses
Smploy‘ —Portfolio Management Process E éNiGE_I\_/IEiT EE‘A_,’ Manager
—Knowledge Management Process
’ Y
| employ employ
. TECHNICAL
Tethmcal Management Procegses MANAGEMENT £
employ Project ) Project VIEW St
) _€mploy | Agreementand| |@= == == == == =p{/ Engineer,
planning < Control
process Process
4 3
employ employ
Technical Processes
= ENGINEERING VIEW
Business or Mission e - Developer
Analysis Process User
OPERATING VIEW
. —— e ——p Operator,
= Operation Process = B
User
employ
SUPPORT VIEW R
Maintenance Process o —_————— ) WIS,
| _ Supplier
Technical Management Processes
— Project planning — Risk management PROJECT VIEW Project
— Project assessment — Configuration management |q= = =— — = Processes
and confrol — Information management User
— Decision management — Measurement
— Quality Assurance
Organizational Project-enabling Processes
— Portfolio management — Infrastructure management
— Quality management — Human resources management

Figure A.5 — Life cycle processes roles and relationships

Under the contract view, acquirer and supplier parties negotiate and enter into a contract or
other agreement and employ the Acquisition Process and Supply Process respectively. Under the
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management view, the organization establishes, uses and maintains a process framework that services
multiple projects and complements their technical effort. Under the technical management view, the
organization initiates, supports and controls projects. Under the engineering view, the developer or
maintainer conducts its respective engineering tasks to produce or modify products or services. Under
the operating view, the operator provides operation service for the users. Under the support view, the
maintainers and suppliers apply parts and services to sustain and improve the operation of the system.
Under the project view, parties (such as configuration management or information management)
provide supporting services to others in fulfilling specific, unique tasks. Also shown (see the bottom

box) are some of the organizational project-enabling processes provided by the organization to support
multiple projects; these are employed by an organization at a higher, e.g. corporate, level to_estaplish
and implement an underlying structure made up of associated life cycle processes and persohne| and
their continuous improvement.

The processes and parties (or stakeholders) are only related functionally. They \do not dictate a
structure for a party.

An organization or a party gets its name from the process it performs, fofexample, it is calldd an
acquirer when it performs the Acquisition Process.

An organization may perform one process or more than one process; a_process may be performg¢d by
one organization or more than one organization. Under one contract0r application of this documégnt, a
given party may perform both the Acquisition Process and the Supply Process.

In the documents themselves, the relationships between the processes are only static. The more
important dynamic, real-life relationships between the ptocesses, between the parties, and betyeen
the processes and the parties are established when the@ppropriate document is applied on proje¢ts in
a manner specific to that project. Each process (and.thé party performing it) contributes to the prpject
in its own unique way. The Acquisition Process (and-the acquirer) contributes by defining the product
or service (or both) to be obtained. The Supply, Process (and the supplier) contributes by provjding
the product or service. The Integration Proceéss (and the integrator) contributes by “looking” tp the
system for correct derivation and definition of software, hardware and other products, as wgll as
services, by supporting proper integratiéon of products and services back into an overall system| The
Operation Process (and the operator) contributes by operating the products or providing the seryices
in the system's environment for the benefit of the users, the business, and the mission. The Maintenance
Process (and the maintainer) contributes by maintaining and sustaining the products and seryices
for operational fitness and by ,providing support and advice to the user community. Each process
contributes by providing unique, specialized functions to other processes as needed.

Where processes are applied to system elements of a specific nature, the relevant processes frorm the
standard that applies.to that kind of element will be invoked, as well as appropriate system procgsses.
This holds true for.elements of all types. Thus, there is a complementary duality of process interplpy as
the particulars'of-a system are instantiated. As a specific example, the validation process for softvare
will be invokeéd/as part of the overall process of validating the system, to ensure that the softwdre is
validated@s-part of the system.

All of.the 'above statements apply to enabling systems, as well as the system-of-interest.

NOTE Process concepts are introduced in ISO/IEC/IEEE 15288:2015, 5.5.

bk mh i N [a}

T}lC fULub Uf ISG/IEC/IDDD .LDZSSLG:‘LS ib Ull t}lt‘ pl ULESSCS t}ldt dltT dpp}lt‘d VVit}lill d llft' LyL‘lC. 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 responsibilities pertaining to the system-of-interest. Additionally, the processes
in ISO/IEC/IEEE 15288:2015 can be used as a reference model for assessments under the ISO/IEC 33000
family of standards.
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A.9 Iterative and recursive application of processes

A.9.1 General

Two forms of process application—iterative and recursive—are essential and useful for executing the
requirements of ISO/IEC/IEEE 12207 or ISO/IEC/IEEE 15288. The iterative use of processes, i.e. the
repeated application of a process or set of processes at the same hierarchical level of structural detail,
is important for the progressive refinement of process outputs, e.g. the interaction between successive

veriffcation actions and integration actions can incrementally build confidence in the conformance of
the groduct. The recursive use of processes, i.e. the repeated application of the same process or set 6f
procgsses applied to successive levels of detail in a system's hierarchical structure is a key aspeot-of
the dpplication of ISO/IEC/IEEE 15288 or ISO/IEC/IEEE 12207. The outputs of processes at anixlevel,
whether information, artefacts or services are inputs to the same processes used at the level-above or
level|below. This results in a response, information, artefacts, or service, which can then\modify the
original output. In this way, the outputs across all levels of the system can be resolved and‘consistency
achigved, e.g. system element descriptions that conform to an architecture.

A.9.2 Iterative application of processes

Wheh the application of the same process or set of processes is repeated 0n,the same system, at the
sam¢ level, the application is referred to as iterative. The iterative application of processes is illustrated
in Figure A.6.

Have the
Apply process X required
to .system-of- conditions Yes: end
interest been met?
A
No: repeat

Figure A.6 — Iterative application of process(es)

Iteraftion is not only appropriate butalso expected. New information is created by the application of
a prgcess or set of processes. Typically, this information takes the form of questions with respect to
requjrements, analysed risks'op 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. Processes should be repeated until an acceptable quality of
results is obtained prior-to applying the next process or set of activities to a system-of-interest. In this
casefiteration adds¢valie to the system to which the processes are being used.

A.9.3 Recursive application of processes

Wheh the'same set of processes or the same set of process activities are applied to successive levels of
syst¢m elements within the system structure until some condition is satisfied, the application form is

refervor] taac racurciva Eigura A 7 illuctratac tha racurciva anmlicatingy Af myrncaccac +0 cuctame Tha
Fea—+toaStrecursve—3gd eI StateStreFecurshveapprication—-ot ProeessSes+to-S5ySstemS— e

most common applications of recursion are in computer programs, mathematics, and language.
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The following describes how X is applied recursively to a system element, where:
* Sis the system-of-interest, which is also considered as a system element of itself, and
* E and E' vary in system elements

Apply X to S considered as a system element of itself.
where
Apply X to E, where E is a system element defined by {
... Apply some activities of X to E; ...

if (E is not small enough [or low level enough] {
Apply X to E' that is smaller (or at a lower level than E

}
...Apply the rest of activities of X to E; ...

}

Psuedocode example for a factorial function:

function factorial is:

input: integer n such thatn >=0

output: [n x (n-1) x (n-2) x ... x 1]

1.ifnis 0, return 1 2. otherwise, return [ n x factorial(n-1) |
end factorial

Figure A.7 — Recursive application of processes

A.10 Methods and tools

In practice, there are many situations wheré.system size and complexity, project duration and the

number of contributing organizations require process execution to be supported by methods and t

The selection of methods and tools depend on many factors including stage in the life cycle, ley
the system’s hierarchy and applicatien domain. As a result, neither ISO/IEC/IEEE 12207, 1SO
IEEE 15288, nor this document.includes discussions of specific methods and tools. Nevertheless, {
are some issues that the user of ISO/IEC/IEEE 12207 or ISO/IEC/IEEE 15288:2015 should bear in
when selecting and using methods and tools to accomplish life cycle process activities or related t
Four such issues are listedbelow:

a) A method or toolshould not dictate the process to be followed, but should support the s
activities of a selected process. Methods should be selected to fit the system life cycle stage;

b) Selection‘efitools should be based on connectivity to other tools that provide inputs or use ouf

ools.

el in
IEC/
here
mind
nsks.

et of

puts

of thetool being considered for use. The engineering data produced should be in an appropriate

formto enable the data to be captured, stored and available as long as it is needed. Those men
of\organizations, projects and other stakeholders who have the need should be given a
authority to the data;

¢) The training requirements for application of the method or tool should be considered. The ix

bers
Ccess

itial,

as well as subsequent training time after a user has not used the tool for a period of time, shou
included in the consideration;

d) Enabling systems as well as tool administration should be considered.
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Annex B
(informative)

Organizational concepts

B.1 | General

An ofganization is a body of entities organized for some specific purpose and may be as diverse as a
corppration, agency, society, union, or club. An organization may be part of a parent organization (e.g.
a sodiety being parent to clubs that are a part of it). When an organization enters into an'agreement, it
is a garty. Parties may have the same parent organization, although it is equally possible that they have
diffefent parent organizations (e.g. two clubs from the same society making an agreemeént or two clubs
from| two different societies making an agreement).

For the purpose of ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288, any projecti$assumed to be conducted
withfn the context of an organization. This is important because a system ‘project is dependent upon
variqus outcomes produced by the business processes of the organjzation, e.g., employees to staff
the project and facilities to house the project. For this purpose, ISO/1EC/IEEE 15288 and ISO/IEC/
IEEE[12207 provide a set of Organizational Project-Enabling Processes. It is important to note that the
Orga:lnizational Project-Enabling Processes are not assumed to b€ adequate to operate a business, nor
are the Technical Management Processes assumed to be adequate to operate a project. Instead, the
procgsses, considered as a collection, are intended to statethe minimum set of dependencies that the
project places upon the organization.

ISO/]EC/IEEE 12207 and ISO/IEC/IEEE 15288 describe the set of processes that comprise the life cycle
of arfy human-made system. Therefore, ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 are designed so
that they can be tailored for a project of any type, size and complexity, whether focused on tangible
products, services, or a mix of both.

The pequence of the processes, activities,"and tasks in ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288
does|not dictate the sequence of their application in a life cycle model. It is intended that the project
seledt, order, tailor and iterate the processes, activities, and tasks as applicable or appropriate.

On the same project, ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 may be separately applied more
than|once. For example, in a\given system implementation project, an acquirer may request a supplier
to pgrform system implernentation, with the acquirer and the supplier executing one application of ISO/
IEC/]EEE 12207 or ISO/IEC/IEEE 15288. The supplier may then request its sub-contractor to perform
all of part of the system development, e.g. develop the software. The supplier (now in an acquisition
mode) and its sulfZcontractor (in supplier mode) execute a separate application of ISO/IEC/IEEE 12207
or IS0/IEC/IEEE~15288. In both situations, it is necessary to adapt ISO/IEC/IEEE 12207 or ISO/IEC/
IEEE| 15288 towreflect the arrangements.

NOTE 1.7\ Sub clause 4.2.3 of this document provides more detail on structure in systems and projects.

NOTE 2  Sub clause 4.2.4 of this document provides more detail on enabling systems.

NOTE 3 ISO/IEC/IEEE 16326 provides more information on projects and project management.

B.2 Process responsibility

Typically, organizations distinguish different areas of managerial responsibility and action through
agreements, as indicated in Figure B.1. Different organizations (or parts thereof) as parties, and
different areas of responsibility within an organization, mutually establish their working relationships
and acknowledge their respective responsibilities through such agreements. These agreements unify
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and coordinate the contributions made by different parties in order that they can meet a common

business purpose.

Together, these agreements contribute to the organization's overall capability to trade. This document

employs a process model based on three primary organizational areas (or levels) of responsib

ility:

organization, project and technical. Within each organization, a coordinated set of organizational
project-enabling, technical management and technical processes contribute to the effective creation

and use of systems, and therefore to achieving the organization's goals.

Each process is considered to be the responsibility of a party. An organization may perform‘oi
more processes. A process may be performed by one organization or more than one organization,
one of the organizations being identified as the responsible party. A party executing a process hal
responsibility for that entire process even though the execution of individual tasks may be by diff
parties. The responsibility aspect of the life cycle architecture facilitates adaptation.and applic
of International Standards, such as ISO/IEC/IEEE 15288 or ISO/IEC/IEEE 12207 on a project, in

many parties may be legitimately involved.
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Figure B.1 — Agreements on responsibilities for organizational project-enabling, technic
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Annex C
(informative)

Project concepts

C.1
The s

c) 4

Structure in systems and projects

cope of responsibility that an organization assigns to its projects is related to a number of factors:
omplexity of the system or software engineering effort;
ypical span of control and staffing levels compared to the norm for the organization;

bxpected duration of the effort;

d) participation and direct support from organizational process-enabling groups.

In so
type
strug
a sey
or ot
(and
resp
using
be th

Any
high
resp

rt, the complexity of the system design is one factor among many. determining the number and
5 of projects associated with the system engineering effort.cAecordingly, each system in the
ture illustrated in Figure 2 (or Figure 3) of 4.2.3 of this docufment could be the responsibility of
arate project. This can be true whether the system is hijerarchical, as used for the illustration,
her system structure, such as a network, or a mix of sfructures. The point is that there can be
typically is) a strong correlation between levels of detail in the system structure and levels of
bnsibility in a set of projects. Each project characteristically has responsibility for acquiring and
b system elements subordinate to it and creating afid supplying to the level superior to it, as would
e case for hierarchical, non-hierarchical, or mixed, system structures.

particular project normally views its system’as the system-of-interest and whilst it can influence
er system levels, it does not have responsibility for them. However, even though it may not have
bnsibility for each system element considered by itself, it does have responsibility for all system

elements that constitute its system-ofzifiterest and consequently for the output of projects at all levels

subo|

rdinate to it, as shown in Figure(CJl.
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Figure C.1 — System and proje'ct hierarchies

In practice, the risks associated with implementing systems that fulfil specified requirements typically

diminish with descending level of detail in the system-of-interest's structure and eventually af
longer of direct attention or concern to the pagticular project. At this level (not necessarily the
level down different paths of system-of-interest decomposition), a system element can be acquired

e no
bame
with

acceptable risk and the detail of its compasition can remain hidden below some level. For example, if

the system-of-interest for the project wéré€a radar, in normal practice, the formulation and cure ¢

f the

slurry mix for the resistive part of a composition resistor on a printed circuit board in a subassem

ly in

a system element of the system-ofjinterest would not be addressed directly. Rather, the requirenjents
at the system-of-interest and pessibly the system element level would drive choices that would fojrce a
particular selection of this material in order to meet all the requirements for the higher-level elemlents.

From the system-of-interest'view, the system elements may appear to be where specialist discipli
particular implementatignitechnology practices are present.

C.2 Project relationships

A relationship-ean exist between a project and other projects, and subprojects. A subproject as
here and in-Figure C.2 is a set of resources and tasks organized to undertake a portion of a pr
A subproject may be considered a project by those assigned the work. Figure C.2 illustrates tyj
relationships between projects, which may be within a single organizational entity, or across entit

€S or

used
ject.

pical

jes.
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LEVEL
Entity Entity I Entity II
Internal Organization Organization Organization
Organization A B C
Agreement [ Agreement
v A
Project . q
rojec Project Project
Agreement Agreement
v v
Subproject Subproject Subproject Subproject Subproject

Figure C.2 — Relationships between projects

Projg¢ct relationships are established, maintained and changed through forinal or informal agreements
in adcordance 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
orgahizational boundaries. Relationships, and therefore the establishing agreements, may be between
aprdject and a specific organizational element or elements, amongmultiple projects, or among a project
and 1ts subprojects. Agreements provide a mutual understanding of the problem to be solved, work to
be d¢ne, established constraints, deliverables and clearly defihed responsibilities and accountability.

Another kind of relationship, and agreement, not shgwn in Figure C.2, would be applicable when
two pr more organizations cooperate on a single project. In this case, it is important to define each
orgahization’s authorities, responsibilities and rights, including the sharing of proprietary information
applicable to the project in then agreement.

Regdrdless of the kind of relationship, writh its corresponding agreement, there is some basic
inforjmation needed to do the work required in ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288. Each
agregment, whether formal or informal; should carefully consider, and address as appropriate, the
activlities and tasks of the AgreementProcesses. Additional guidelines to consider include:

a) responsibilities for the work expected to be done could be in the form of work statements or
internal charters, but in(any event, should be defined for all entities that will be involved;

b) products, services and’data, created within the project may need to be formalized as deliverables
¢ither to another-part of the organization or to external entities. In such cases, the means of
delivering and'accepting these deliverables should be made explicit;

c) fechnicalyer management reviews may be required within the project, or other parts of the

NOTE A-modelisprovidedin
processes to reach an agreement.

C.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
system-of-interest or enable the system-of-interest 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
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available, for example by rental or purchase. However, one or several enabling systems may not exist
and should 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 system-of-interest should appropriately be
made available but also all enabling systems that are needed for the project. Potentially, some or all of
these enabling systems could be needed for subsequent projects and stages and possibly throughout
the system life cycle. Thus, the project should determine needed enabling systems and take appropriate
actions to ensure their availability for use.

Agreements should be established between the project and the internal or external organizati(l)n or
organizations, as applicable, to ensure that specified enabling system services are provided yhen
needed. A project span of interest is illustrated in Figure C.3.

%I
o

Project span of interest

Project span of control

Nak

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
: s systems systems
customer requirements its life cycle

Internal to project

Internal to organization External to organization

R

Figure C.3 — Project span of interest

C.4 Hierarchy of prejects

The system that the project is responsible for is considered a system-of-interest. Each subordinafte or
sub-project is considered as a project itself. A resultant hierarchy of projects can then be formed.| The
basic relationship-of Figure C.3, which illustrates the project span of interest, can be combined with the
hierarchicalview of a system structure as is portrayed in more detail in Figure C.4.
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Figure C.4 — Hierarchy of projects

e C.4 shows only the lower level of projects of(@ne system. Each system, however, should be
mposed into lower level projects until each consists of only a system element and its enabling
ms. Two such projects in Figure C.4 end with'a system element. Each project should be carried
sing applicable system life cycle processes‘to the extent required by requirements and to satisfy
cable life cycle stage entry or exit criteria.

plained in Figure C.3, the enabling systems of Figure C.4 may be under project control or, if external
e project, under the control of gther organizations. However, the project should work with these
" organizations through agreements to ensure that the required enabling systems are available

whem needed to support the system-of-interest during its life cycle.

52

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved



https://standardsiso.com/api/?name=b5553488e87aefcb70fa99e51c40b5e4

ISO/IEC/IEEE 24748-1:2018(E)

Annex D
(informative)

Process views

D.1 General

There are instances where those representing a particular engineering interest would like t¢ see

gathered in a single place the set of process activities that directly and succinctly address their con
For such interests, a process view can be developed to organize processes, activiti€s; and tasks selg
from ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 to provide a focus to their particular conce
a manner that cuts across all or parts of the life cycle. This Annex provides,a.process viewpoint
may be used to define process views in these instances and gives examples/from the viewpoints d
following:

a) specialty engineering;
b) interface management;

c) security.

D.2 The process view concept

There may be cases where a unified focus ise€eded for activities and tasks that are selected

disparate processes to provide visibility to asignificant concept or thread that cuts across the proc
employed across the life cycle. It is useful to'advise users of the standards on how to identify and d
these activities for their use, even thoiigh they cannot locate a single process that addresses

specific concern.

For this purpose, the concept of‘@process view has been formulated. Like a process, the descri

cern.
cted
rn in
that
f the

from
bSses
efine
their

btion

of a process view includes a statement of purpose and outcomes. Unlike a process, the description of a

process view does not include activities and tasks. Instead, the description includes guidance expla
how the outcomes can/berachieved by employing the activities and tasks of the various process
ISO/IEC/IEEE 12207¢and ISO/IEC/IEEE 15288. Process views can be constructed using the pr
viewpoint templatefound in D.3.

D.3 Procéss viewpoint

A process View conforms to a process viewpoint. The process viewpoint provided here can be us
create.process views.

The Process viewpoint is defined by:

ning
les in
cess

ed to

a) its stakeholders: users of the standard;

b) the concerns it frames: the processes needed to reflect a particular engineering interest.
The contents of resulting process views should include the following:

a) process view name;

b) process view purpose;

€) process view outcomes;
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d) identification and description of the processes, activities and tasks that implement the process
view, and references to the sources for these processes, activities and tasks in other standards.

NOTE The requirements for documenting viewpoints are found in ISO/IEC/IEEE 42010:2011, 5.4. This
description is consistent with those requirements.

D.4 Process view for specialty engineering

This|sub clause provides an example of applying the process viewpoint to yield a process view for
speclalty engineering to illustrate how a project can assemble processes, activities and tasks of 1SQ/
IEC/]EEE 12207 and ISO/IEC/IEEE 15288 to provide focused attention to the achievement of product
characteristics that have been selected as being of special interest.

Thislexample treats the cluster of interests, generally called specialty engineering, which in¢ludes but is
not ljmited to such areas as availability, maintainability, reliability, safety, human factors, and usability.
Within ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288, these “ilities” requirements are feferred to as
“critical quality characteristics”. These characteristics determine how well the{product meets its
speclfied requirements in a specific area selected for focus.

NOTE 1 This is a generalized instance of a process view that covers a broad/set of functional and non-
functiional characteristics related to specialty engineering. It provides a broad-yiew across the processes. If a
specific critical quality characteristic has a high priority relative to other characteristics, a specific process view
could be created for that characteristic, including more detailed information‘and requirements.

Name: Specialty Engineering Process View

Purppse: The purpose of the Specialty Engineering Process View is to provide objective evidence that
the dystem achieves satisfactory levels of certain criticalsquality characteristics selected for special
atterjtion.

Outcpmes:
a) Product critical quality characteristics are selected for special attention.
b) Requirements for the achievement of the critical quality characteristics are defined.

c) Measures for the requirements;vare selected and related to the desired critical quality
haracteristics.

d) Approaches for achieving the'desired critical quality characteristics are defined and implemented.
e) The extent of achievefitent of the requirements is continually monitored.

f) The extent of achievement of the critical quality characteristics are specified and developed.

NOTE 2  The outeomes permit the possibility that the desired critical quality characteristics cannot be directly
measpured but instead might be argued and inferred based on other product or process characteristics that can

be m¢asured.

Processes, Activities and Tasks:

This process view can be implemented using the following processes, activities, and tasks from ISO/
IEC/IEEE 12207:2017 and ISO/IEC/IEEE 15288:2015:

NOTE 3  ISO/IEC 25030 could be useful in specifying software product quality requirements.

NOTE4  INCOSE Systems Engineering Handbook contains descriptions and elaboration about many of the
specialty engineering areas and the associated critical quality characteristics.

a) The Agreement Processes (6.1) provide for the establishment of expectations and responsibilities
related to each specialty engineering area, including legal agreements and licensing requirements.
Generally, this is done in the context of establishing and maintaining agreement processes for
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all aspects of the system. In this case, or even when separate Agreement Process application is
required for a specialty engineering area, all parts of both the Acquisition Process (6.1.1) and
Supply Process (6.1.2) may be applicable.

The Organizational Project-Enabling Processes (6.2) help ensure the organization’s capability to
acquire and supply products or services through the initiation, support and control of projects.
These processes provide resources and infrastructure necessary to support projects and help
ensure the satisfaction of organizational objectives and established agreements. Generally, this is

d)

f)

g)

h)

j)

dometrthecomtextof appticabitity of theprocesses fromratt-viewpointstoome or more systems
across multiple projects. However, specialty engineering stakeholders should review allypajts of
the six Organizational Project-Enabling Processes to assure that their interests are-adequptely
addressed.

The Project Assessment and Control Process (6.3.2) provides for monitoring’the extent of
achievement of the requirements and critical quality characteristics and jcommunicating the
results to stakeholders and managers. Relevant activities and tasks include’(b) (6), (b) (7), (b) (9)
and (b) (10).

The Decision Management Process (6.3.3) provides assessment ‘ofvalternative requirements,
architecture characteristics and design characteristics against thée.decision criteria, including the
critical quality characteristics. Results of these comparisons dxe/ranked via a suitable seleftion
model and are then used to decide on an optimal solution. Relevant activities and tasks include (b)
all tasks; and (c) (1).

The Risk Management Process (6.3.4), in its entirety, provides for identifying, evaluating] and
handling risks of the system, including those related to meeting the critical quality characteristics.

The Configuration Management Process (6.3:5) manages and controls system elements| and
configurations over the life cycle. Relevant activities and tasks include (a) (1), (d) (1), and (f) (2) for
each discipline to be addressed under specidlty engineering.

The Information Management Process' (6.3.6), in its entirety, provides for the specificgtion,
development and maintenance of information items for documenting and communicating the
extent of achievement. It should (e noted that information items used for the purpose of crjtical
quality characteristics are sometimes specialized in nature. Sources for the description of these
information items include industry associations, regulators, and specific standards.

The Measurement Precess (6.3.7), in its entirety, provides for defining an approach that reglates
measures to the reguired critical quality characteristics.

The Quality Assurance Process (6.3.8) addresses identified anomalies (incident and problems] that
relate to thecachievement of critical quality characteristics.

The Business or Mission Analysis Process (6.4.1) provides for the definition of the proplem
spaceand characterization of the solution space, including the relevant trade-space factorg and
preliminary life cycle concepts. This includes developing an understanding of the context and any
Key/parameters, such as the critical quality characteristics (e.g., safety hazards, human interfaces,
operational characteristics, and system assurance context). Relevant activities and tasks in¢glude

(b) (1) and (b) (2); (c) (1); and (d) (1)

k)

D)

The Stakeholder Needs and Requirements Definition Process (6.4.2) provides for the selection and
definition of characteristics, including critical quality characteristics, and associated information
items. The activities and the documentation are useful in identifying, prioritizing, defining, and
recording requirements for the critical quality characteristics. Relevant activities and tasks include
(@) (1) and (a) (2); (b) (2), (b) (3) and (b) (4); (c) (1) and (c) (2); (d) all tasks; and (e) (2).

The System Requirements Definition Process (6.4.3) provides for the specification of parameters
for the critical quality characteristics and the selection of measures for tracking the achievement
of these requirements with respect to the specific system to be developed. Relevant activities and
tasks include (a) (1); (b) all tasks; and (c) (2).
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p)

q)

9

56

NOTE The title of process 6.4.3 is Software Requirements Definition Process in ISO/IEC/
IEEE 12207:2017 and System Requirements Definition Process in ISO/IEC/IEEE 15288:2015

The Architecture Definition Process (6.4.4) provides for the identification of stakeholder concerns
from an architecture perspective. These concerns often translate into expectations or constraints
across the life cycle stages that relate to the critical quality characteristics, such as utilization
(e.g., availability, security, effectiveness, usability), support (e.g., reparability, obsolescence
management), evolution of the system and of the environment (e.g., adaptability, scalability,

b —pFroeay 6H ala AP o B : Alaan : sRReR

impact, transportability), etc. This process further addresses those critical quality characteristi¢
requirements that drive the architecture decisions, including the assessment of the architectre
vith respect to the concerns and associated characteristics. Relevant activities and tasks include

[2) (2) and (a) (4); (b) (1; () (2), (4) (3), (¢) (4), and (€] (5); (d) (1); and (e) (2).

he Design Definition Process (6.4.5) provides for the determination of necessary design
¢haracteristics, which includes the critical quality characteristics, such as security of design
¢riteria for the specialty characteristics and the evaluation of alternative designs with respect to
those criteria. Relevant activities and tasks include (a) (2); (b) (1), (b) (2), (b) (3)s4b) (4) and (b) (6);
dnd (c) (2).

he System Analysis Process (6.4.6) provides for the level of analysis.needed to understand the
irade space with respect to the critical quality characteristics through the conduct of mathematical
dnalysis, modeling, simulation, experimentation, and other techutiques. The analysis results are
input to trades made through the Decision Management Procéss in support of other Technical
Processes. Relevant activities and tasks include (a) all tasks;and’(b) all tasks.

he Implementation Process (6.4.7) provides for recording the evidence that critical quality
requirements have been met. Relevant activities and tasks include (b) (3).

he Integration Process (6.4.8) provides for planning the integration, including the considerations
for critical quality characteristics, and the assurance that the achievement of the characteristics is
determined and recorded. Relevant activities;and tasks include (a) (1); (b) (3); and (c) (1).

he Verification process (6.4.9), provides,for the planning and execution of a strategy to perform
yerification, including the critical quality characteristics. The selected verification strategy may
introduce design constraints that.€ould affect the achievement of the characteristics. Relevant
jctivities and tasks include (a) (1).and (3); (b) (1), (b) (2); and (c) (1) and (c) (2).

he Transition Process (6.4:10) provides for installing the system in its operational environment.
Because some specialty properties involve a trade-off between design constraints and operational
¢onstraints, attention-to-installation is often important. Relevant activities and tasks include (a)
(4); and (b) (4), (b) (6)and (b) (7).

he Validation/Precess (6.4.11) provides evidence that the services provided by the system meet
the stakeholders’ needs, including the critical quality characteristics. Relevant activities and tasks
include (2)<(1) and (a) (3); (b) (1) and (b) (2); (c) (1) and (c) 2).

he Qperation Process (6.4.12) provides for usage of the system. Assuring that critical quality
¢hatracteristics are appropriately achieved involves monitoring the operation of the system.
Relevant activities and task include (b and (b) (4); and ;and (d and (d

The Maintenance process (6.4.13) sustains the capabilities of the system, helping to ensure its
ongoing availability to provide its functions, including its critical quality characteristics. This
includes failure analysis, maintenance tasks, and logistics tasks needed to assure continued
operation of the system. Relevant activities and tasks include (b) all tasks; (c) all tasks; and (d) (1)
and (d) (2).

The Disposal Process (6.4.14) ends the existence of a system. The inherent need to anticipate

disposal may place constraints on development. In fact, these constraints may themselves be

critical quality characteristics. Relevant activities and tasks include (a) (2); (b) (1) and (b) (2); and
© (3).
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D.5 Process view for interface management

This sub clause provides an example of applying the process viewpoint to yield a process view for
interface management, intended to illustrate how a project can assemble processes, activities and tasks
of ISO/IEC/IEEE 15288:2015 to provide focused attention to the achievement of product characteristics
that have been selected as being of special interest.

This example treats a specific instance of a process view, called interface management, which

- 1 <l 1 e 1. LR N e £ Lol ades. pa | - pa | 1 e AT sl o 1CO IEC
HITIUUTS UUl IS5 TTUT THIHITTU TU TTICT TdL T UTTIHIITIUILL,  UTS TG, d1IIU TlIdIT gt HIdITd gTIHITIHT. VYV I 10U

IEEE 15288:2015, the tasks that comprise interface management are fully contained within the exipting

processes.

Name: Interface Management Process View

Purpose: The purpose of the Interface Management Process View is to facilitate ofithe identificqtion,

definition, design and management of interfaces of the system.

Outcomes:

a) Business or mission needs related to interfaces are identified.

b) Stakeholder needs related to interfaces are identified.

c¢) Requirements for the interfaces are defined.

d) Interfaces between system elements, as well as interfaces between the system and external
systems are identified and defined.

e) Approaches for achieving the desired interface characteristics are defined and implemented.

f) The extent of realization of the interface requiirements is continually monitored.

g) The extent of achievement of the interface requirements are specified and developed.

Processes, Activities and Tasks:

This process view can be implemented using the following processes, activities, and tasks from|ISO/

IEC/IEEE 15288:2015:

NOTE INCOSE SystemstEngineering Handbook contains descriptions and elaboration about intdrface

management.

a)

b)

The Agreement.Processes (6.1) provide for the establishment of expectations and responsibilities
related to interface management, including legal agreements and licensing requirements. Genefally,
this is dome in the context of establishing and maintaining agreement processes for all aspe¢ts of
the sysfem. In this case, or even when separate Agreement Process application is required, sufch as
for a.spécific interface, all parts of both the Acquisition Process (6.1.1) and Supply Process (¢.1.2)
may,be applicable.

The Organizational Project-Enabling Processes (6.2) help ensure the organization’s capability to
acquire and supply products or services through the initiation, support and control of projects.

ThCDU }JIULCDDCD }Jl UVidC ICoSUUICLTS Cllld illfl abtl ut,tuu:: ucu::oocu_y tU DulJlJUlt lJl UjCLtD aud help
ensure the satisfaction of organizational objectives and established agreements. Generally, this is
done in the context of applicability of the processes from all viewpoints to one or more systems
across multiple projects. However, interface management stakeholders should review all parts of
the six Organizational Project-Enabling Processes to assure that their interests are adequately
addressed.

The Project Assessment and Control Process (6.3.2) provides for monitoring the extent of
achievement of the requirements, including interfaces, and communicating the results to
stakeholders and decision makers. Relevant activities and tasks include (b) (6), (b) (7), (b) (9) and

(b) (10).
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d)

g)

h)

j)

k)

D)

p)

58

The Decision Management Process (6.3.3) provides assessing alternative requirements,
architecture characteristics and design characteristics against the decision criteria, including the
interfaces. Results of these comparisons are ranked, via a suitable selection model and are then
used to decide on an optimal solution. Relevant activities and tasks include (b) all tasks; and (c) (1).

The Risk Management Process (6.3.4), in its entirety, provides for identifying, evaluating, and
handling risks of the system, including those related to interfaces.

s and tasks in this process are particularly relevant to
interface management.
The Information Management Process (6.3.6), in its entirety, provides for the specification,

dlevelopment and maintenance of information items for documenting and communicating the
¢xtent of achievement.

The Measurement Process (6.3.7), in its entirety, provides for defining an approach that relates
I:easures to the required interface information needs, and then generating ,and using those
easures to address the identified interface information needs.

The Quality Assurance Process (6.3.8) addresses identified anomalie§/(incident and problems)
that relate to the achievement of interface requirements. The Businegs\or Mission Analysis Process
:|6.4.1) provides for the definition of the problem space and characferization of the solution space,
including the description of the environment and context, asiwell as preliminary operational
oncepts. It often identifies external systems that must interface with the system-of-interest.
Relevant activities and tasks include (b) (1) and (b) (2); and(¢) (1).

The Business or Mission Analysis Process (6.4.1) ptevides for the definition of the problem
§pace and characterization of the solution space, in¢liding the relevant trade-space factors and
reliminary life cycle concepts. This includes deyeloping an understanding of the context and any
ey parameters, such as the critical interfaces within the system-of-interest, as well as those to
xternal systems, and similarly for all enabling systems. Relevant activities and tasks include (b)
1) and (b) (2); (¢) (1); and (d) (1).

he Stakeholder Needs and Requirements Definition Process (6.4.2) provides for the definition of
perational concepts and the interacCtions of the system with users and the intended environment
including other systems). It often identifies external systems that must interface with the system-
f-interest. Relevant activities and tasks include (c) (1) and (c) (2); and (d) (1) and (d) (3).

he System Requirements_Definition Process (6.4.3) provides for the definition of the interface
equirements. Relevant aetivities and tasks include (a) (1); (b) all tasks; (c) all tasks; and (d) all tasks.

he Architecture.Definition Process (6.4.4) provides for the identification of interfaces from an
rchitecture perspective as the architecture models evolve. This process further describes and
efines the idferfaces to the extent needed for the architecture description. Relevant activities and
asks include+(a) (2) and (a) (4); (c) (1) through (c) (4); (d) all tasks; and (f) (3) through (f) (6).

he Design Definition Process (6.4.5) provides for the refinement and full definition of the interfaces
nd the creation of the necessary information items. Relevant activities and tasks include (b) (5)
nd/(b) (6): and (d) (1) through (d) (3).

The System Analysis Process (6.4.6) provides for the level of analysis needed to understand the
trade space with respect to the interface requirements and definition through the conduct of
mathematical analysis, modeling, simulation, experimentation, and other techniques. The analysis
results are input to trades made through the Decision Management Process in support of other
Technical Processes. Relevant activities and tasks include (a) all activities; and (b) all tasks.

The Implementation Process (6.4.7) provides for development of the interfaces and recording the
evidence that interface requirements for an implemented system element have been met. Relevant
activities and tasks include (b) (3).
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The Integration Process (6.4.8) provides for planning the integration, including the considerations
for interfaces between system elements. It also includes the integration of systems or system
elements and interfaces. Relevant activities and tasks include (a) (1); (b) all tasks; and (c) (1).

The Verification Process (6.4.9), provides evidence that the services provided by the system
meet the system requirements, including the interface requirement. The process provides for the
planning and execution of a strategy to perform verification, including the interface requirements.
The selected verification strategy may introduce interface constraints that could affect their

2Ll AN )

9

D.6 Process view for security
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The Transition Process (6.4.10) provides for installing the system in its operational environipent.
This includes identifying constraints, and checking the installation and operational.state of the
interfaces. Relevant activities and tasks include (a) (4); and (b) (3), (b) (4), (b) (6), and ¢b) (7).

The Validation Process (6.4.11) provides evidence that the services provided by the system meet
the stakeholders' needs, including the interface requirements. The selected validation strjtegy
may introduce interface constraints that could affect their achievement./Relevant activitieg and
tasks include (a) (1), (@) (2), and (a) (3); (b) (1) and (b) (2); (c) (1) and (9) (2).

The Operation Process (6.4.12) provides for usage of the system. Tthere also may be constrairjts to
the interfaces for operations. Assuring that the interface requiréments are appropriately achieved
involves monitoring the operation of the system. Relevant activities and task include (a) (2), (b) (3)
and (b) (4); and (c) (1) and (c) (2).

The Maintenance Process (6.4.13) sustains the capabilities of the system, helping to ensufe its
ongoing availability to provide its functions, including.its interfaces. This includes failure analysis,
maintenance tasks, and logistics tasks needed to‘@ssure continued operation of the system. There
also may be constraints to the interfaces for maintenance. Relevant activities and tasks include (a)
(2); (b) all tasks; and (d) (1) and (d) (2).

The Disposal Process (6.4.14) ends the existence of a system. It may require activities to diserlgage
interfaces. The inherent need to anticipate disposal may place constraints on the interfaces.
Relevant activities and tasks include(a) (2) and (b) (1) and (b) (2).

This sub clause provides an_ example of applying the process viewpoint to yield a process vieyw for
security, intended to illustrate how a project can assemble processes, activities and tasks of ISO/IEC/
IEEE 15288:2015 to previde focused attention to the achievement of system characteristics that |have

been selected as being-of special interest.

This example,isfocused on protection against intentional subversion or forced failure due tr:t the
architecture; design, implementation, operation, support, or disposition of any of the types of ele

ents

(hardwaré/software, data, facilities, etc.) that may comprise a system, including enabling systems,

delivering any mix of services and products.

Name: Security Process View

Purpose: The purpose of the Security Process View is to provide objective evidence that the system

is capable of achieving satisfactory levels of certainty, that sufficient protection is achieved against
intentional subversion or forced failure due to the architecture, design, implementation, operation,
support, or disposition of any of the types of elements (hardware, software, data, facilities, etc.) that
may comprise a system, including enabling systems, delivering any mix of services and products..

Outcomes:

a) Productand service security characteristics are selected for special attention.

b) Requirements for the achievement of the security characteristics are defined.

c) Measures for the requirements are selected and related to the desired security characteristics.
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