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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies t

hat are

members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.

ISO and IEC technical committees collaborate in fields of mutual interest. Other international organi
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

zations,

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

of document should be noted. This document was drafted in accordance with the editorial rules of
[EC Dirgctives, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).

[EEE Standards documents are developed within the IEEE Societies and the Standards."Coor
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its st
through a consensus development process, approved by the American National Standards Institut
brings fogether volunteers representing varied viewpoints and interests to achieve the final j
Volunteprs are not necessarily members of the Institute and serve without compensation. While
adminidters the process and establishes rules to promote fairness in the consensus development
the IEEE does not independently evaluate, test or verify the accuracy of any'gfthe information cont
its stanglards.

ISO and IEC draw attention to the possibility that the implementation of this document may inv
use of (h) patent(s). ISO and IEC take no position concerning thecevidence, validity or applicabilit
claimed| patent rights in respect thereof. As of the date of publication of this document, ISO and IEC
received notice of (a) patent(s) which may be required to implement this document. However, imple
are caufioned that this may not represent the latest inforimation, which may be obtained from th
database available at www.iso.org/patents and httpSi//patents.iec.ch. ISO and IEC shall not
respondible for identifying any or all such patent rights:

Any trajde name used in this document is inforfation given for the convenience of users and d
constityte an endorsement.

For an gxplanation of the voluntary nature'6f standards, the meaning of ISO specific terms and exp
related |to conformity assessment, as-well as information about ISO's adherence to the Worl

the 1SO/

linating
hndards
b, which
broduct.
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rd.html.

Organization (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/forewo
In the IEC, see www.iec.ch/understanding-standards.

This dogument was prepared by Joint Technical Committee ISO/]JTC 1, Information technology, Subcomittee

SC 7, Software and systems engineering, in cooperation with the IEEE Computer Society Systems and S

oftware

Enginedring Standards-Committee, under the Partner Standards Development Organization cooperation

agreement between [SO-and IEEE.

This se¢ond editien cancels and replaces the first edition (ISO/IEC/IEEE 24748-2:2018), which h
technically revised.

The maln<hanges are as follows:

as been

— updated 4.4 to reflect changes to ISO/IEC/IEEE 15288;

— reworked interfacing, enabling and interoperating systems;

— added considerations on agile and DevOps;

— reworked 6.5;

— reworked 6.7 to reflect changes to ISO/IEC/IEEE 15288;

— reworked 6.8 to reflect changes to ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 24748-1;
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removed the former Annex A (guide on transitioning from former version);
added a new Annex B to include an example on interfacing, enabling and interoperating systems;
removed the former Annex C (engineering views and the Vee);

added a new Annex C on model-based systems engineering.

Alist of all parts in the ISO/IEC/IEEE 24748 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards
body. A complete listing of these bodies can be found at www.iso.org/members.html and

WWWw.le, r‘hl/n ational-committees
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Introduction

This document and its companion, ISO/IEC/IEEE 24748-3, specifically support the use of ISO/IEC/IEEE 15288
and [SO/IEC/IEEE 12207, respectively. This document and ISO/IEC/IEEE 24748-3 reflect the alignment
effort evident in ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207. Terminology, structure and content in
this document and ISO/IEC/IEEE 24748-3 are aligned consistent with those in ISO/IEC/IEEE 15288 and
ISO/IEC/IEEE 12207. Consequently, the users of ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 benefit from
having documents complementarily addressing all aspects of services or products over their life cycle.

This document is intended to be consistent with both ISO/IEC/IEEE 24748-1 and ISO/IEC/IEEE 15288 in its
treatment of life cycle concepts and systems engineering processes.

NOTE Systems engineering for defence projects is addressed in ISO/IEC/IEEE 24748-7.

There i§ also increasing recognition of the importance of ensuring that all life cycle stages,-and all|aspects
within ¢ach stage, are supported with thorough guidance enabling alignment with process'‘documents that
focus on areas besides systems and software. These can include hardware, humans, data, procesges (e.g.,
review jprocess), procedures (e.g., operator instructions), facilities and naturally pceurring entitles (e.g.,
water, drganisms, minerals). The concept and structure of the ISO/IEC/IEEE 24748 series is intgnded to
allow it$ extension to such additional domains where that will provide value tg ifsers.

© ISO/IEC 2024 - All rights reserved
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International Standard ISO/IEC/IEEE 24748-2:2024(en)

Systems and software engineering — Life cycle
management —

Part 2:
Guidelines for the application of ISO/IEC/IEEE 15288 (svstem
life gycle processes)

This dofument provides guidance on the application of ISO/IEC/IEEE 15288. It addresses the application

through references to ISO/IEC/IEEE 24748-1 and ISO/IEC/IEEE 15288. This¢tdocument gives guidance on
ing ISO/IEC/IEEE 15288 from the aspects of strategy, planning, application in organizatipns and
applicatlion on projects. It also provides a comparison of the differences between ISO/IEC/IEEE 15288:2023
and ISOfIEC/IEEE 15288:2015.

2 Normative references

The follpwing documents are referred to in the text in such-advay that some or all of their content corlstitutes
requirements of this document. For dated references, only.the edition cited applies. For undated refgrences,
the late$t edition of the referenced document (including any amendments) applies.

ISO/IECY/1EEE 15288, Systems and software engineering — System life cycle processes

3 Texms and definitions
For the purposes of this document, thetérms and definitions given in ISO/IEC/IEEE 15288 apply.

ISO, IEC|and IEEE maintain terminology databases for use in standardization at the following addregses:

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

— IEC|Electropedia: available at https://www.electropedia.org/

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

NOTE Definitions for other systems and software engineering terms typically can be found in ISO/IEC/IEHE 24765,
availablg at www.computer.org/sevocab.

4 Overview of ISO/IEC/IEEE 15288

4.1 General

ISO/IEC/IEEE 15288 defines a set of processes to facilitate system development and information exchange
among acquirers, suppliers and other stakeholders in the life cycle of a system. It applies to the acquisition
of systems, which can be comprised of products, services or both, as well as to the supply, development,
operation, maintenance and disposal of systems, whether performed internally or externally to an
organization.

© ISO/IEC 2024 - All rights reserved
© IEEE 2024 - All rights reserved
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In the context of this document, ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207, there is a continuum of
human-made systems from those that use little or no software to those in which software is the primary
interest. When software is the predominant system or element of interest, ISO/IEC/IEEE 12207 should be
used. Both documents have the same process model, share most activities and tasks and differ primarily in
descriptive notes. The determination of the applicability of ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207
should be decided by the nature of the system and its enabling systems. Often, a mixed tailoring of each
standard can be appropriate.

The purpose of ISO/IEC/IEEE 15288 is to provide a defined set of processes to facilitate communication
among acquirers, suppliers and other stakeholders in the life cycle of a system. ISO/IEC/IEEE 15288 is
written for acquirers of systems and other stakeholders like suppliers, developers, operators, maintainers,

manage,

4.2 St
ISO/IEC
a) ISO
b) ISO
See ISO

Three informative annexes support the use of ISO/IEC/IEEE 15288:

— IS0
ass

— ISO
life

— ISO
life

43 C

ISO/IEC
relation
assigne
ISO/IEC
suppliet

The ISO

a systeim is composed.of a set of interacting system elements. System elements may include s

element

Q’ qnn]ify assurance mnnngprc and users of systems

ructure of ISO/IEC/IEEE 15288

IEEE 15288 contains requirements in two clauses:

IEC/IEEE 15288:2023, Annex A provides requirements for tailoring of ISO/TEC/IEEE 15288
[EC/IEEE 15288:2023, Clause 5 for key concepts used in that International Standard.

IEC/IEEE 15288:2023, Annex B provides information on ‘podssible information items that
pciated with each process in ISO/IEC/IEEE 15288;

IEC/IEEE 15288:2023, Annex C provides information about use of the ISO/IEC/IEEE 15288
cycle processes as a process reference model to sfipport process assessment;

IEC/IEEE 15288:2023, Annex D provides an informative description of the implementation o
cycle processes in an MBSE approach.

pntext of ISO/IEC/IEEE 15288

IEEE 15288 focuses on the processes that are used by or for a project that exists in a
ship with the organization;.-other projects and enabling systems. Typically, a pr
l responsibility that encompasses one or more life cycle stages of the system-of-intere
IEEE 15288 is applicable*to organizations and projects whether they act as the acquire
of a system and whether the system is comprised of products, services or a combination of

IEC/IEEE 15288 processes are described in relation to a system, see Figure 1. As shown in |

s, hardwareselements, services, and utilization and support resources.

IEC/IEEE 15288:2023, Clause 6 defines the requirements for the system life Cycle processes;

can be

system

Fsystem

defined
bject is
5t (Sol).
r or the
both.

igure 1,
oftware
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System
Element

System
Element

System
Element

NOTE See ISO/IEC/IEEE 15288:2023, Figure 1.
Figure 1 — System and system element relationship

When an organization applies ISO/IEC/IEEE 15288 to a particular system that system becomes [the Sol.
The Solfhas a life cycle that consists of multiple stages through which theSsystem passes during its lifetime.
These stages are not necessarily sequential and their execution can/bé completely or partially in pafallel, as
well as jterative or recursive. Examples of typical stages are:

— congept;

— development;
— profduction;
— utiljzation;
— support;

— retirement.

NOTE 1| Stages are described in ISO/IEC/IEEE 15288:2023, 5.5.2 and in ISO/IEC/IEEE 24748-1:2024, 4.3.2 and
Clause 5

NOTE 2 | The management af the transition from one stage to another is not necessarily a linear, sefuential,
progresdion and engineeringactivities are associated with providing appropriate work products and decision}-making
information in each stagé.

A number of enabling systems are deployed throughout the system life cycle to provide the Sol withsupport
as needpd. Each(Tife cycle stage can require one or more enabling systems. An enabling system has|its own
life cycle and-when ISO/IEC/IEEE 15288 is applied to it, it then becomes an Sol.

NOTE 3 | \THe role and use of enabling systems are described in 6.3.5.

NOTE4 For related material on enabling systems, see also ISO/IEC/IEEE 15288:2023, 5.2.3 and
ISO/IEC/IEEE 24748-1:2024, 4.2.4.

ISO/IEC/IEEE 15288 is applicable at any level of the structure associated with an Sol. As a system is
decomposed recursively into its system elements, the processes of ISO/IEC/IEEE 15288 may be used for
each system and system element in the system structure, including enabling systems. Each system and
system element has a life cycle of its own and its own set of enabling system:s.

NOTE5 For related material on system structure, see ISO/IEC/IEEE 15288:2023, 5.2.2 and
ISO/IEC/IEEE 24748-1:2024, 4.2.3.

© ISO/IEC 2024 - All rights reserved
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In order to perform needed operations and transformations upon systems during their life cycles, the
organization creates and monitors projects. Projects have a defined scope, resources (including time) and
focus. The scope can involve managing all of the stages of the life cycle, a subset of the stages, one or more
defined processes or one or more process activities. The time scale can be of varying duration, for example a
few weeks or tens of years. The focus of the project is related to the Sol and its systems and system elements
in some form of system structure or stage partitioning.

NOTE 6  System life cycle concepts are described in ISO/IEC/IEEE 24748-1:2024, 4.3.

Organizations focus on systems that are created or transformed by projects within the organization or in
conjunction with other organizations. Projects have a span of interest that includes the Sol and its related
enabling systems. Some enabling systems are under direct control of the project. The Sol and those enabling
systemg make up the project span of control.

The wotk performed by projects is on or with the Sol within one or more life cycle stages. ISO/IEC/AIEEE 15288
includeg the requirement to define an appropriate life cycle for a system, the selection of\processgs to be
applied [throughout the life cycle and the application of these processes to fulfil agreemrents and|achieve
customer satisfaction.

ISO/IEC/IEEE 15288 can be applied to all types of product- or service-focused systems and system elements
consisting of one or more of the following: hardware, software, humans, pracésses, procedures, flacilities
and natpirally occurring entities. The use of ISO/IEC/IEEE 15288 for system§within this broad scope is one
of its main advantages.

The usqg of the standard may be adapted to accommodate the varying project requirements in freating
system |ife cycles.

NOTE 7 | This can be performed by adapting the life cycle as described in ISO/IEC/IEEE 24748-1:2024, Clayse 5 and
tailoring described in ISO/IEC/IEEE 15288:2023, Annex A.

4.4 Comparison of ISO/IEC/IEEE 15288 to prior-version

This supclause compares ISO/IEC/IEEE 15288:2023 with ISO/IEC/IEEE 15288:2015. For a more (letailed
compar|son, see Annex A. The main changes are:

— impgrovements to selected technical processes including business or mission analysis process| system
architecture definition process (renamed from architecture definition process), design definition
profess, implementation process,integration process and maintenance process;

— imgrovements to selected téchmnical management processes, including risk management prodess and
configuration managementprocess;

— except for these changes, the process groups and life cycle processes are the same as the prior version;

— emphasized impoertance of system of systems (SoS), moved content from ISO/IEC/IEEE 15288:2015,
Annex G to ISO/IEC/IEEE 15288:2023, 5.4 and added several notes throughout the document;

— addlition efISO/IEC/IEEE 15288:2034, Annex D addressing model-based systems engineering (NIBSE);

— updatesto ISO/IEC/IEEE 15288:2015, Clause 5, including a better description of iteration and rgcursion
an ;

— new content in ISO/IEC/IEEE 15288:2023, Clause 5 on collaborative activities, concept and system
definition, assurance and quality characteristics;

— updates to the terms and definitions;

— removed ISO/IEC/IEEE 15288:2015, Annex D “Process integration and process constructs”, Annex E
“Process views”, Annex F “Architecture modelling” and Annex G “Application of system life cycle processes
to a system of systems”.

© ISO/IEC 2024 - All rights reserved
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5 Application concepts

This document provides guidelines for life cycle management in the field of systems. This clause lists
essential concepts on which this document is based and provides references for further reading and
applying. Essential concepts are:

— life cycle management: ISO/IEC/IEEE 24748-1 provides more information on concepts related to life

cycl

e management in general;

— system concepts: system concepts for systems that are any mix of products and services are introduced
in ISO/IEC/IEEE 15288:2023, 5.2; additional discussion is in ISO/IEC/IEEE 24748-1:2024, 4.2;

— org
ad

— sys
disq

— life
disq

— pro
disq

— pro
disq

6 Ap

6.1 Operview

Throug
more p
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in the ¢
ISO/IEC
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work. 6!
in diffel
ISO/IEC

Modern|

nizational concepts: organizational COncepts are introduce
itional discussion is in ISO/IEC/IEEE 24748-1:2024, Annex B;

ussion is in ISO/IEC/IEEE 21839, ISO/IEC/IEEE 21840 and ISO/IEC/IEEE 21841;
ussion is in ISO/IEC/IEEE 24748-1:2024, 4.3;

ussion is in ISO/IEC/IEEE 24748-1:2024, Annex A;

ussion is in ISO/IEC/IEEE 24748-1:2024, Annex C.

plying ISO/IEC/IEEE 15288

nout ISO/IEC/IEEE 15288, “shall” is used.to express a provision that is binding between

rties, “should” to express a recommenddation among possibilities and “may” to indicate 4

h permissible within the limits of ISQ/IEC/IEEE 15288. This document provides guidance f{

standing how the provisions of ISQ/IEC/IEEE 15288 apply. No new requirements are int

fuidance text (no “shall”). Where' “should” is used, it is a recommendation of a require
IEEE 15288.

anding concepts does not'give the ability to immediately apply them without further thou
2 to 6.8 give guidance on’'what should be done to bridge the gap between concept and pract
ent organizational, lifé cycle and project environments, starting with planning the appliq
IEEE 15288.

organizations.strive to develop a robust set of life cycle processes that are applied repeated

projecty

applicatlion at either the organization level or at the project level. An organization should adopt the s
and supplement it with appropriate policies, life cycle processes, life cycle models and procedures. A
of the orgdnization should typically conform to the organization's processes rather than conform di
ISO/IECIEEE 15288

of the organization. To accommodate that need, ISO/IEC/IEEE 15288 is intended to be us

23, 5.3;

em of systems concepts: SoS concepts are introduced in ISO/IEC/IEEE 15288:2023; 5%4; additional

cycle concepts: life cycle concepts are introduced in ISO/IEC/IEEE 15288:2023, 5.5; additional

cess concepts: process concepts are introduced in ISO/IEC/IEEE“15288:2023, 5.6; additional

ect concepts: project concepts are introduced in ISO/IECGAEEE 15288:2023, 5.3.2; additional

two or
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y to the
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project
ectly to

In some cases, projects can be executed by an organization that does not have an appropriate set of processes
adopted at the organizational level. Such a project may directly adopt the provisions of ISO/IEC/IEEE 15288.

6.2 Application strategy

6.2.1
ISO/IEC

Overview

/IEEE 15288 can be applied for a variety of reasons, such as to:

a) define the processes, activities and tasks required for use on a specific project;

© ISO/IEC 2024 - All rights reserved
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b) improve processes used by an organization across multiple projects;

¢) provide guidance on system life cycle processes usable within a larger process, such as an organization’s
acquisition process or maintenance process.

Whatever the reason for application of ISO/IEC/IEEE 15288 is, a suggested application strategy consists of
the following:

— plan the application;

— adapt ISO/IEC/IEEE 15288, if applicable;

—  conduct pi]nf prn}'nrf(c);
— for1|nalise the approach;
— insflitutionalise the approach.

This strategy is typical of the approach that should be followed when introducing changes [into an
organizption or project. The application strategy can be repeated several times acteSs an organizption or
within 4 project as additional processes are addressed or improved.

Whether the basis for the existing system life cycle processes is ISO/IECV15288:2015 or somle other
referen¢e point, the fundamental starting point is to identify all the chatiges to go from that pasis to
ISO/IECY/IEEE 15288.

Coordinating with stakeholders in this effort is critical: even on€ area left out that should have [been in
the planing can materially disrupt applying the new basis. One.way of proceeding is for a small group to
develop|a high-level list of items that should be considered and changed in applying ISO/IEC/IEEH 15288.
This mdy include, and possibly will not be limited to:

— profess and procedure changes, including flow and ilomenclature;

— staff training needs;

— responsibility changes, including need for,new or modified agreements;

— impacts on procedures and tools;

— an gpproach applied across the organization

— imgroved processes.

A more fetailed set of changes should then be developed by a wide group of affected stakeholders.

Once there is a detailed listing of the changes, the time and cost impacts of each should be assesgsed and
adjusted for the risks.of each change and various groupings of change. Changes should be pHased to
minimige cost, project disruption and the potential for adverse human reactions. Readiness criterig should
be developed for the phase-in, as well as checks for successful completion of the changes. Quantitafive and
qualitatiive méasures should be developed and used.

Throughout, a core group should be maintained to oversee the change from one basis to another, with
periodic coordination with the entire group of stakeholders. This coordination is very important to
repeatedly communicate the goals of the change, to show progress and to recognise progress.

When an organization or project already has established processes that have been institutionalised, then
the implementation strategy can be shortened and should probably include the following:

— plan the application;
— adapt ISO/IEC/IEEE 15288, if applicable (for the risk level of the work);

— conduct the project(s).
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Planning the application

g ISO/IEC/IEEE 15288 should be considered as a specific project and planned as such.

The following are examples of items to consider while planning the application project:

a) Def

iy

2)

3)

4)

ine the scope of the application project. Possibilities include the following.

A single project that is either internal to an organization or as part of a two-party agreement.

Concentration on some key processes or even a single process where there is expected to be

so that in depth revisions of a single process are necessary.

Adoption of ISO/IEC/IEEE 15288 within an organization or across a range of projects: This g

that are not aligned with ISO/IEC/IEEE 15288.

Adoption of ISO/IEC/IEEE 15288 across all projects and within all parts of the organizati
sometimes occurs with a new subsidiary of an existing organization/that has previously
ISO/IEC/IEEE 15288.

b) Ide

busjiness goals. If no obvious link is established between this application project and the organ
busjiness focus, then lasting commitment to achieve the application project goals will be difficy
imgossible to maintain.

c¢) Ide
eac

d) Identify the resources available for the applicationof ISO/IEC/IEEE 15288, such as time, funding

tify the 15288 application project goals and determine how!they fit into the organizati

tify roles and responsibilities of the application project team, assigning a point of responsil
N process.

some gain for an organization. This approach can be used where a weakness has been detected

versely,

the approach can be of benefit where significant process refinements or additions have been made,

enerally

involves a staged introduction. This generally occurs when an organization hasmultiple pttocesses

bn. This
hdopted

bn-wide
zation’s
11t if not

ility for

, people

and enabling systems and services. Also estimate the resources and infrastructure needed to|sustain
the|process development and improvementprocess once the initial processes are institutionalized.

e) Crepte and record the application projéct management strategy for applying ISO/IEC/IEEE 152§8.

f) Plan for regular coordination with-stakeholders involved in the application project. It is key to every
appllication project to communicate with stakeholders, in particular those that are supposed fo apply
thelupdated set of processes.

g) Identify the impact of process tailoring on certifications and the impact of certifications on [process
tailpring.

6.2.3 |Conduct pilet'project(s)

When introducing ISO/IEC/IEEE 15288 in an organization across many projects, employing some pilpt usage

in key afeas/and processes helps remove emotional barriers, facilitate adoptions and limit the risk ekposure

of the organization. A successful introduction should usually include such approaches as the following.

a) Identify pilot projects that can use the selected processes. These pilot projects should be chosen on
the basis of high priority work that will result in significant improvements, with a high probability of
success, or that can be expected to provide quick, visible results.

b) Select a team of early adopters to conduct the pilot projects then publicise and reward their efforts.

c) Plan the pilot projects and identify critical success factors and measures of success.

d) Train everybody involved. Awareness can be aided by regular communication of progress in the
implementation process, in addition to formal training classes.

© ISO/IEC 2024 - All rights reserved
© IEEE 2024 - All rights reserved

7


https://iecnorm.com/api/?name=8398f52e85ebd6a12cba8cc57a07c2ae

ISO/IEC/IEEE 24748-2:2024(en)

e) For each pilot project, incorporate the selected adapted process or processes into the application
project management strategy. Reference or include as appropriate, the necessary records, including the
adaptation decisions and rationale.

f) Execute the pilot project(s). Track and record performance against the critical success factors.

g) Capture knowledge gained from each pilot project in the knowledge management process, including
lessons learned throughout the pilot project(s). Incorporate the lessons learned into revised processes.

6.2.4 Formalise the approach

Formalizing involves the introduction of a new process across the organization or across several projects.
This in}ludes the development of training, procedures, provision of enabling systems and services,|such as

tools for the processes, and the tracking and oversight of the new processes use and acceptance. Hlanning
for the tfransition to the new processes should be addressed for any project that is already up‘and running.

NOTE Improvements can be made within a project by monitoring at the project level. Theyean also be made by
comparipg one project against another to determine approaches which were successful andwlich can be applicable
and to b¢ incorporated into future projects.

6.2.5 |Institutionalise the approach

Institutjonalisation involves the introduction of new processes across @ny areas and remaining projects
of the ofganization. It includes a focus on ensuring that processes arefdsed consistently and automatically
throughout the organization or project. This also involves measuring performance of the procg¢ss, and
continujng to implement process improvement as necessary. These can be instituted using process work
product{review and approval such as decision gates as described in 6.4.2.

6.3 Application of system concepts

6.3.1 |General

ISO/IEC)/IEEE 15288 defines a set of processes:to facilitate system development and information ekchange
among acquirers, suppliers and other stakeholders in the life cycle of a system. It applies to the|full life
cycle of systems, including concept, development, production, utilization, support and retirement of
systemgq, and to the acquisition and supply of systems, whether performed internally or externally to an
organizption. This subclause focuses,oir those processes that most directly apply the system conceptls stated
in ISO/IEC/IEEE 15288:2023, 5.2.afid expanded in ISO/IEC/IEEE 24748-1:2024, 4.2.

6.3.2 [Systems

To detefmine how to previde products or services for the benefit of users and other stakeholders, the
starting point shouldibeto define the purpose of the system, its boundaries (including human interpctions)
and thope who sheuld be its stakeholders. The same idea should be followed in case the task is to upgrade or
add cappbilities(to ‘an existing system. In many cases, the structure or the composition of the final system
are not|knowty,"and are not the focus of interest. For those reasons, users of ISO/IEC/IEEE 15288 should
start with/an ana1y51s of the business or m15510n of the proposed system, applylng the process defined in
ISO/IEC ) ] ]
requirements, applying the process deflned in ISO/IEC/IEEE 15288 2023, 6.4.2. These processes can be
applied iteratively, or recursively and can be applied to new systems, existing systems where changes are
being considered and enabling systems. This work focuses on purpose, scenarios, use cases and user stories.
It is critical to identify and meaningfully involve all who will be stakeholders over the systems life cycle.

Applying a systems concept should mean that the analysis and determination are then used to define the
requirements of some collection of interacting elements. This collection should satisfy the analysis and
determination by applying the system requirements definition process defined in ISO/IEC/IEEE 15288:2023,
6.4.3. The specific structure of the system is not known at this point, nor is the manner in which that
structure will be implemented (i.e. hardware, software, humans, processes, procedures, facilities or
naturally occurring entities). The user should determine, possibly iteratively or recursively, the functional,
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logical, timing, thermal, mass and other properties of the Sol and its enabling systems. Model-based
systems engineering (MBSE), see Annex C, can help understand and specify these properties. Maintaining
stakeholder involvement throughout is still critical. Depending on the results, revision of the work described
in 6.3.2 can be required.

For any of this work, the system analysis process defined in ISO/IEC/IEEE 15288:2023, 6.4.6 can be useful
to apply.

6.3.3 System structure

With a thorough understandmg of the purpose and beneflts of the SoI 1ts boundarles and stakeholders
as well as—t : s : n-derived
from these, the user of ISO/IEC/IEEE 15288 should apply the technlcal processes for system deflmtlon (see
6.7.5.3) lto progressively define the structure of the system (its architecture) and the specific ways in which
that architecture can be realised.

More specifically, the user of ISO/IEC/IEEE 15288 should apply the system architecturedefinition[process
(ISO/IEC/IEEE 15288:2023, 6.4.4) and the design definition process (ISO/IEC/IEEE“15288:2023, 6.4.5).
In applying these processes, probably iteratively and recursively, characteristicproperties at a §ystem'’s
boundaty arise from the interactions between system elements and external systems. What thi§ means
in practlice is that the interfaces between parts of the system should be understood first, then the parts
themselves should be architected and then designed to respond to thé\réquirements imposed by the
interface. This process should be continued from the most general undérstanding of the system sfructure
progresgively to the most detailed level. Due to the huge amount of‘information that is gatherdd when
applying the processes, model-based approaches (MBSE) should (be ‘taken to help keeping the artefacts
consistént, also see Annex C.

Briefly tated, the user of ISO/IEC/IEEE 15288 should work’from the interfaces inward, and from the
most general to the most specific and detailed aspects of the requirements, architecture and design. This
applies fo the Sol and its enabling systems, whether new<or under consideration for change. Accordingly, the
applicatjion of the processes can be done at any stage of'a system’s life cycle.

For any|of this work, the systems analysis process-defined in ISO/IEC/IEEE 15288:2023, 6.4.6 can bje useful
to apply

6.3.4 |[Structure in systems and projects

The usdr of ISO/IEC/IEEE 15288 should determine the project scope, or the scopes of the set of projects,
that beft supports definition, realization and use of the Sol and its enabling systems. To do this, the
user of[ISO/IEC/IEEE 15288.should draw on the results of applying, directly or with adaptatjon, the
agreement processes (ISO/IEC/IEEE 15288:2023, 6.1), organizational project-enabling processes
(ISO/IEC/IEEE 15288:2023; 6.2) and technical management processes (ISO/IEC/IEEE 15288:20R3, 6.3)
that arq already in place’for the organization within which the projects will be executed. For exanpple, the
possiblg need to define a new system should result in reconsideration of the organization’s infrastfucture,
portfolip, human-résource, quality and knowledge management capabilities under various possiblg project
structures to_find the best relationship of the set of projects versus the possible scope of the Sol and its
enabling systems.

6.3.5 Interfacing, enabling and interoperating systems

Typically, systems break at the interfaces because of lack of quality or maturity of these interfaces. When
developing an Sol, it is not only the interfaces that this Sol has in operation that should be taken into
account. There are other interfaces to be considered along the entire life cycle. Therefore, it is important to
understand the concept of interfacing, enabling and interoperating systems.

When teams begin to identify the external interfaces of the Sol, they often start with the systems that the
Sol interacts with in operation. Often, a system boundary diagram is used to document data or information,
energy, material and physical flows. Immediately thereafter, other life cycle stages should be considered to
identify all systems that interact with the Sol to perform a function. This almost always occurs in an SoS
environment where constituent systems interact with each other to realise SoS functions. Also included are
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cases where external systems exchange data or information with the Sol for further processing. The total
set of these external systems is referred to as the interoperating systems associated with the Sol.

These interoperating systems are a subset of the interfacing systems. The interfacing systems also include
those external systems having purely physical interfaces with the Sol, in which no data or information is
exchanged to support any system functionality, neither on the part of the Sol nor on the external system. In
most cases, these are physical interfaces between the Sol and the external system.

Enabling systems are systems that support the Sol at various points along its life cycle. Consequently,
they apply to all parts of the life cycle and potentially support any process. Some enabling systems have a
physical interface to the Sol (e.g. maintenance laptop) while some do not (e.g. training system). Also, enabling
systems can be either inside or outside the boundary for which a project is responsible. Whether a particular

enabling system is inside or outside the project boundary, the enabling system is within the span ef
of a project because of interface and scheduling constraints. Thus, enabling systems should bé€ cor
especially whenever there are changes to the design of the Sol. If the interface to one of the enabling

can no
enablin
making
taken td
a necesy

In case
the Sol
require
acquisit]
to help ¢
Sol or sy

Thereq
process
types o
of operg
to inclu
own set

Annex H
64 A

6.4.1
ISO/IEC

nger be supported as a result of the change to the Sol, it can lead to cost-intensive change
b system. In such a case, it is advisable to perform a trade-off study to weigh the consequ

ensure that the schedules of these two development projects are closely alighed. Failure to
ary enabling system in a timely manner can have a massive impact on thie schedule of the Sq

the enabling system is inside the project boundary, for each architecture or design sol
or system element, the enabling system requirements should lbe,identified. The enabling]
ments should be satisfied either by engineering the enabling syStems that need to be develop,
ion or scheduling the existing and available enabling systems: These actions should be carj
ensure that required enabling system services or product$-are available when needed to sup
stems elements during the applicable life cycle stage.

lirements for each enabling system should be providéd to the concept definition and system dg
es of the applicable Sol and system elements. Requirements can include allowable tolerarn
materials and material processing such as cttting, milling and stamping. Additionally, the
tions (or strategy) for implementation shouldbe available as well as any implementation conl
e special techniques to be used. An enablihg system can be defined as an Sol and can also
of enabling systems to provide appropriate life cycle support.

| provides examples with explanations of interfacing, enabling and interoperating systems.
pplication of life cycle concepts

Overview

IEEE 15288:2023,)6.2.1.3 a) requires the establishment of a life cycle model to provide a fra

in which the processes‘of ISO/IEC/IEEE 15288 are performed. It also requires the definition of purp

outcom
descripf
model i

NOTE 1

s for each stage in the established life cycle model. ISO/IEC/IEEE 24748-1:2024, Clause 4 pr
ion, including the purpose and outcomes, of a life cycle model with a set of six life cycle stag
included’in Figure 2.

For simplicity of exposition, the life cycle model in Figure 2 is drawn as if the stages were seque

interest
sidered
systems
5 to this
bnces of

the proposed change. If it is necessary to develop enabling systems to supportthe Sol, care should be

provide
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be of differing durations and can iterate or be applied recursively.
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Generic system life cycle stages
> Concept >>Developmen>> Production>> Utilisation>> Support >> Retirement>

Life cycle processes application
(sequential, incremental, evolutionary)

The sys
the app
by mult
conside
stage ty
stage ol
process

functions or is serviced to meet system requirements. During earlier life.cyele stages the same pt

can be 4
work pr

To deter]
is guide
selectio
The sys
withas

An orgd
organiz
cycle to
the focy
gates.

The org

as to whether a system should renmjain in the current stage, be continued to another system life cyc

have th¢
decisior
costs, sd

There a
the exit

informdtion and required deliverables. Thus, planned engineering activities should take place dur

system

ication of ISO/IEC/IEEE 15288 life cycle processes. The use of the life cycle processes is inf
iple factors such as social responsibilities, world trade laws, organizational cultures and t
Fations. Each of these factors can vary during the life of a system. A managefi 6f a system 1
pically selects the appropriate set of life cycle processes to meet entry prvéxit criteria ar

maintenance process and disposal process to manage the system while it performs its 1

sed to help manage the development of the system as well as affect the disposal of waste pro
oducts that are no longer needed.

mine which processes to selectand apply duringa system lifecycle stage, auser of ISO/IEC/IEE
d by the purpose and outcomes for each of the stages (sée [SO/IEC/IEEE 24748-1:2024, Claus¢
h of the appropriate processes enables the system’s progression through its life cycle to be m
fem life cycle model of Figure 2 can be consideredd@s an illustration of an orderly passage as
ystem going from one stage of life to another.

Inization (e.g. an automobile company or medical equipment supplier) or a domain grou
htion (e.g. a government defence agency.ordndustry group) often has a unique view of the sys
control the passage from one system life-cycle stage to the next. From an organizational pers
s is more on management-focused-activities that are used to form both milestones and

hnization uses these milestones‘and gates as decision points where investment decisions can

 plans for the other stages revised before approval, be cancelled or be retired. These milesta
gates can be used by organizations to contain the inherent uncertainties and risks associat
hedule and functienality when a system is created or utilised.

Fe different approaches that can be used to meet organization goals and objectives. In order
criteria ofa decision gate, the appropriate artefacts should be produced to provide decision

ife cycle stage to obtain the outcomes and meet the purpose of the stage or a set of stages.

Some sy

fem life cycle model illustrated in Figure 2 does not imply any application precedence or'sequlence for

luenced
bchnical
fe cycle
d other

bjectives. For example, during any of the later life cycle stages a managef can use the operation

equired
ocesses
ducts or

E 15288
t 5). The
anaged.
bociated

p of an
tem life
pective,
Hecision

be made
e stage,
nes and
ed with

to meet
making
ng each

stém life cycle models, particularly those related to incremental or evolutionary approaches

feature

the iterative execution of several of the life cycle stages shown in Figure 2. For example, a small improvement
to an existing system can be conceived, developed and produced within a “timebox” of a few weeks.
Subsequent improvements use the same approach in consecutive future “timeboxes”. In this environment, it
may not be practical to align certain key concepts to the completion of a stage, such as decision gates (6.4.2)
and technical reviews. Instead, an alternate alignment strategy, such as the completion of one or more
iterations, can be necessary. However, the intent of these key concepts should be retained.

6.4.2

Decision gates

Although there are many different approaches to develop systems, there is an underlying notional set of
characteristic milestones and decision gates that exists. Each milestone and decision gate has a distinct
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purpose and contribution to the system life cycle. These milestones and decision gates should be considered
when planning and executing the system life cycle. Cognizant governance should specify the mechanism to
arriving at a decision.

NOTE 1

Examples of decision options and their purpose for each stage of a life cycle are shown in
ISO/IEC/IEEE 24748-1:2024, Table 1.

Milestones provide an opportunity for management to review progress and decide to declare that milestone
as satisfactorily completed and proceed to the next milestone. If the milestone marks the end of a stage, then
a decision gate is reached. The decision gates provide a framework within which organization management
has high-level visibility and control of the project.

NOTE 2
avoid the

During
the obje
way for

The spe
system
system

a) Wwhq
cha

b) whd

Decisiol gates to move to another stage can occur at more thanone point in a given stage. Examples

decisior
— afte
— aftd

The cor
enablin
organiz
system
replace

6.4.3

6.4.3.1

Organiz
Sequent
discuss

The sele¢

terms “milestones” and “decision gates.”

bach system life cycle stage, management can use established decision gates to determine Y
ctives (financial as well as technical) of that system life stage were satisfactorily.completed
vard.

cific rationale for the decision can vary for each stage. For example, duringdife cycle stages W
s being used (utilization and support), the decision as to whether to cofitinue in that stage
hould be appropriately retired (move to the retirement stage) can be based on:

rther system technology should and can be refreshed (change to the baseline configuration
hging performance);

rther new system technology should and can be inserted (Change to system performance).

gates can be appropriate for the concept stage are:
r a period of pre-study;
r studying the feasibility of the alternative,concepts.

siderations given can be applied not only to the Sol but also to its system elements as
b systems. If the Sol is an SoS, the considerations can be applied to the constituent systems. [
htions can be responsible for different systems of the system structure. Also, individual sy{
elements can have a shorter life-than the Sol in which they are embedded, so there can be a
these individual systems or'system elements with improved ones during the life of the Sol.

[Application approaches

General

ations employ different approaches to satisfy contrasting business and risk resolution sti
ial, incremental, evolutionary or agile approaches are frequently used. These approad
bd in 6:443.2 to 6.4.3.5. Alternatively, a suitable hybrid of these approaches can be developed,

Some approaches, Such as aglle and DeVOpS, accomphsli Thelir Teviews in a different cadence ang tend to

whether
and the

rhile the
or if the

without

of when

well as
ifferent
tems or
need to

ategies.
hes are

ction, development and use of one of these approaches by an organization depend on severa

factors

such as
a) the
b) the
c) the

he following:
acquisition policy of the organization;
nature and complexity of the system;

stability or feasibility of system requirements;

d) technological opportunities;

e) the
f) the

need for different system capabilities at different times;

availability of resources.
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A careful selection of an appropriate application approach should be made as it:
— affects the plans and controls for the project;

— forms the basis for project cost and schedule estimates;

— determines the work relationship between acquirer and supplier;

— defines how the team works together;

— shapes what types of informal and formal reviews are established.

6-4’-3-2 chucutial appl Uab}l

6.4.3.2. General

For systems that have long development cycles before delivery of the first system, a sequéential a
can be appropriate. Many systems, such as produced by the automotive industry, usexa similar a
with dejvelopment taking up to three years before a new automobile model is intreduced. Projec

bproach
pproach
[s using

this approach faces many challenges including cost control, funding changes, technology changes, workforce

retentidn and final customer or acquirer requirements satisfaction. These challenges are created be
the long period from establishing the initial requirements for the system tohe deploying of the sy
the marketplace.

The sequential approach has defined decision gates so that an-organization can manage an
progresgion of the system from concept through retirement. Forysystems that rely heavily on off-t
system [elements, development is often started without doing ‘eoncept studies. In this case, the
needs tp be aware of the risks of starting development without doing the risk reduction engine
earlier tudies. Use of off-the shelf system elements does not replace system feasibility analyses or
reductign analyses and effectiveness assessments needed’to confirm that interfaces are compatil
off-the-shelf approach can reduce the need to go through'earlier decision gates, but it does not elimi
analysig necessary to reduce risks.

The sequential approach can be very effective and efficient for engineering systems where the requi
are well known and stable, or for updates to-éxisting systems.

6.4.3.2.2 Applicable systems

This approach can be applied to systems that are one or a few of a kind or those that have large qu
producdd. Examples of systems'for which this approach can apply are infrastructure information tec
systemq, a manufacturing system modification, automobiles, control systems and consumer p
During the production stage'either one or a few systems can be produced and delivered, or a large ¢
production can be initiated that can continue into the utilization and support stages. The utilizat
support stages are typically the longest period of this life cycle and can last for many years. Major
realised using this’approach often have an operation life of tens of years with modifications using tec
refreshinents andjtechnology insertions made to sustain the system and lengthen its useful life.

This sequential approach can be applied to modernization of legacy systems. The engineering, hoy

cause of
stem in

orderly
he-shelf
project
ering of
the risk
le. This
nate the

rements

antities
hnology
roducts.
juantity
ion and
systems
hnology

vever, is

done on| the’system being enhanced and its related lower-level systems and system elements of the

system

structure. The impact on the Sol should be analysed and where conflicts are revealed, the changes to higher-
level systems and the Sol should be made or the requirements for the applicable system should be revised.

6.4.3.2.3 Risks

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

following should be considered and resolved before adoption:

b) knowledgeable workers on teams can turn over;
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ision-making personnel in the organization can change;

tomer personnel in the acquirer’s organization can change;

e) suppliers of system elements and related services can go out of business or change technologies;

f) obs

olescence can arise during a long development;

g) disruptive changes of events or the environment can impact the project.

6.4.3.2.4 Opportunities

The opportumities suchras the following tamrbeassociated withr the sequentiatapproacts

a) Thddeliberate, stepwise refinement approach, whereby the progress of system development is d

eva
con

b) Al

—

¢) In-dervice modification decisions allow determination of whether to./do“maintenance, :

mo

d) ol
6.4.3.3

6.4.3.3.

The incfemental approach can be applied to organization$.that market new versions of a product. Mi

are est

market|The system realised as a result of the conceptystage can be a first version.

The overall capabilities of the last version to bexmarketed can be known at the start of system devel
However, a limited set of capabilities is allocatéd to the first version. With each successive versio
capabilities are added until the last releasefully incorporates the overall capabilities.

The application of ISO/IEC/IEEE 15288life cycle processes, further described in 6.7, is performed t
each version. The operation and support of each version is done in parallel with the development, ut
and sugport of successive versions. Early versions of the system and support for those versions

phased
version

6.4.3.3.

This approach cafibe applied to systems that rely on new, enhanced capability versions of the systg

introdu
technol

6.4.3.3.

uated at each milestone allows system quality and risks to be evaluated and investment d
firmed before progressing to the next stage of development, production lot or delivery to ma3

bystem capabilities can be delivered at the same time.

lification or to retire the system from service.

systems can be simultaneously retired from service or withdrawn from the market.
Incremental approach

. General

blished at planned intervals to introduce a planited version of the system that can be releasq

put as newer versions, areé bought and used by the customer base or a block modification t
5 can be made to incorporate the new capabilities of a later version.

P Applicable.systems

ced in_shert intervals so as to remain competitive in the marketplace. Examples include info
bgy Systems such as business systems, medical systems and routing and firewall systems.

arefully
pcisions
rket.

i major

estones
d to the

bpment.
n, more

realise
lization
can be
earlier

m to be
rmation

3 Risks

The incremental approach has associated risks such as the following that should be considered and resolved
before adopting this approach.

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

b) Versions marketed with too short an interval can cause customer dissatisfaction with the cost to
upgrade or the retraining costs.

c¢) Cos

ts for training (time and money) to move from one version to the next can be unacceptable.
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d) Itisnotalways possible to meet expectations if customers desire the full capabilities in the first version.

e) Ifrequirements are not as well understood as originally thought, this can lead to poor results.

f) Unplanned technology changes or competitor system capabilities can require re-direction of the
development and have a significant impact upon costs and schedule for subsequent versions.

g) ltis

possible that the customer changes the requirements as the development progresses.

6.4.3.3.4 Opportunities

ortunities such as the following can be associated with the incremental approach.

uirer requirements for early capabilities can be satisfied.
prototypes developed for each early milestone can have a place in the market.

y introduction of the system, even with limited capabilities, can enableyeXploitation
ketplace by beating the competition to market.

brging technologies can be taken advantage of.

Evolutionary approach

The opp
a) ACCJ
b) Thq
c¢) Ear

maj
d) Em
6.4.3.4
6.4.3.4.

The evolutionary approach can be applied by organizations that market new versions of a product at

or pre-
the full
underta

Initially]
of the sy
Each ing
technicd

The ISO
this cas
version
parallel

operatign, training and support procedures are appropriate to the version being used.

Often, a
be madd

Beyond
with re
accepta

General

lanned intervals. The major difference of this approach with the incremental approach
capabilities of the last version of the system are net known when an evolutionary develop
ken.

the requirements for the system are partially\defined and then refined with each successive
stem as lessons learned from the use of ansearly version are translated into new desired caps

] reviews.

IEC/IEEE 15288 life cycle processes, further described in 6.7, are applied to realize each ve
e, development of new versions-€an be done serially or in parallel with partial overlapping.
5 developed using the incremental approach, different versions can be operated and supp
Particular care should/etaken, however, to maintain configuration control of each versior]

new version with'enhanced capabilities can replace an earlier version, or a block modifica
to the earlier version to incorporate the new capabilities of a later version.

basic version control, for some Sols, it is important to plan and to project version comp
bpect tolforward and backward compatibility. This can have both technical impacts and cj
pility-imipacts.

of the

regular
is that
ment is

version
1bilities.

rement can produce artefacts that demonstrate capabilities and build up the necessary evidence for

rsion. In
As with
brted in
| so that

fion can

atibility
Istomer

6-4’-3-4-2 App}ibab}c Sy BtClllD

This approach can be applied to complex systems for which requirements are not well understood even
though the need for the system is understood and approved. These are typically one of a kind or low quantity
production systems. Example systems can include custom information technology systems, military
information technology systems and specific information technology security systems.
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6.4.3.4.3 Risks

The evolutionary approach has associated risks such as the following that should be considered and resolved
before adopting this approach.

a) All capabilities can have the same priority.

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

c¢) There can be uncertainties related to determining future requirements.

d) There can be uncertainties with respect to planning the schedule release of the next version.

t

—

e) Wi
f) Ap
g) Cap

son
(sta

6.4.3.4.

The opp

a) Acquirer requirements for an early capability, such as a minimum\viable product, can be satisfig

b) Ste:
c¢) The
d) Ear
e) Em
f) Inc
g) Use

wit

6.4.3.5

6.4.3.5.1 General

Agile i
3.4). Dg
commu
and ops
the life
cycle m

h different versions operated and supported in parallel, configuration control can be a chall¢
‘oduct prototype can be used too early or inappropriately.

abilities and technologies in later versions are identified after the former versions/afe deplo
e learning is available. The additional or changed capabilities and technologies’are then tig
keholder) needs gathered.

1 Opportunities

ortunities such as the following can be associated with the evolutionary approach.

dy customer feedback can be used to enhance the capabilities of a future version of the syst
prototypes developed to satisfy an early milestone{can have a use in the market.

y introduction of a limited capability system can’enable countering a competitor threat.
brging technologies can be taken advantage'of:

emental verification can be used to quickly find problems.

h potential for just-in-time training.

Agile and DevOps

an iterative(and incremental approach to software delivery (ISO/IEC/IEEE 24748
vOps (development and operations) is the set of principles and practices which enablg
nication afid-collaboration between relevant stakeholders for the purpose of specifying, dev
rating seftware and systems products and services, and continuous improvements in all as
Cycle-(FEEE 2675:2021, 3.1). Agile is a development approach. It is not a life cycle model. In 1
bdels, development is just one stage of many. With similar objectives, agile and DevOps app

Pnge.

yed and
d to the

d.

r or operator training can be develeped gradually over time, often at low, manageable fundinig levels,

-1:2024,
b better
eloping,
pects of
nost life
roaches

are fre

TICTy COTIToTIre T

6.4.3.5.2 Applicable systems

Agile and DevOps apply well to small software systems with stable hardware platforms, but have been
adapted to larger and non-software systems. Different agile methods exist that can be tailored to the project
needs. Agile is also well suited for projects for which there is substantial customer uncertainty about the
intended final product.
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6.4.3.5.3 Risks

Agile and DevOps have associated risks such as the following that should be considered and resolved before
adopting them:

a) uses different and varying terminology;

b) has

challenges scaling to large systems;

c) difficult to measure true progress;

d) poorresource planning;

e) less
f) frag
g) nof

6.4.3.5.4 Opportunities

The opp

a) can

b) different methods can be used at different points in the life cycle;

c) can
d) deli
e) fred

f) inci
nee

65 A

6.5.1

Organiz
process

a) acq
b) cre
c) cre

Any of
cycle af

documentation;
mented output;

inite end.

ortunities such as the following can be associated with agile and Dev@ps:

be used with various life cycle models;

be extended to focus on key foundational concerns such-assecurity (called DevSecOps);
verable and useful capabilities available much sooner and more frequently;

juently evolving capabilities enables rapid custemer feedback;

ds.
pplication of organizational concepts

Overview

ations are producers and consumers of systems; that is, they exchange products and servi
es in ISO/IEC/IEEE 15288 are used by organizations that:

lire and use a system;
hte and supply.a system; or
ite and usSe'a system.

he processes apply at any level in a system structure during any applicable stage of the sy

emental planning incorporating frequentifeedback enables greater responsiveness to changing

res. The

tem life

d\fo’' any organization assigned responsibility for a system. How they are applied, possibly with

adaptation, varies depending on such factors as the project, organization and life cycle model. The outputs
of one level, whether information, products or services, are an input to the level below (and can feed back
to the level above) and result in a corresponding response including information, products or services. The
use (recursively) of the same underlying set of processes to describe an organization’s business, project
and technical actions at each level of detail in a system structure is a key aspect of the application of

ISO/IEC

/IEEE 15288.

Additionally, a management group of a multi-organization project working on the same system can use
ISO/IEC/IEEE 15288 to provide a common set of processes, an integrated system life cycle model and a
common basis for communication and for working together.

© ISO/IEC 2024 - All rights reserved
© IEEE 2024 - All rights reserved

17


https://iecnorm.com/api/?name=8398f52e85ebd6a12cba8cc57a07c2ae

ISO/IEC/IEEE 24748-2:2024(en)

The processes in ISO/IEC/IEEE 15288 form a comprehensive set to cater to a wide variety of organizations.
An organization, small or large, depending on its business purpose, can select an appropriate subset of the
processes (and associated activities and tasks) to fulfil that purpose. ISO/IEC/IEEE 15288 is intended to
be applied internally by an organization or through an agreement by two or more organizations. In order
to facilitate application of ISO/IEC/IEEE 15288 either internally or through an agreement, the tasks are
expressed in agreement language. When applied internally, the agreement language is interpreted as self-
imposed tasks.

The application of ISO/IEC/IEEE 15288 may involve adoption of new organizational policies and governance
structures which can differ from the informal or implicit practices previously in use. In other cases, the
application of ISO/IEC/IEEE 15288 may be harmonised with an organization’s policies and standards that are
a]ready in p]nrp Itis nclmﬂy the case thatan organization hasheen nfi]i7ing its awn existing standards and
specific|techniques. When applying ISO/IEC/IEEE 15288 within an organization, it is therefore infportant
to clarifly the relationship between ISO/IEC/IEEE 15288, the organization's own standards andthe|various
technigpes that have been employed.

Figure |3 shows one possible example of such relationships that can be useful when 34pplying
ISO/IECY/IEEE 15288 within an organization. ISO/IEC/IEEE 15288 is located at the fif'st'level, standpards for
the disdipline are located at the second level and the third level is for standards speeific to an organization.
The fingl level includes the activities and tasks specific to the project. At each successive level in the hiprarchy,
the out¢omes, activities and tasks can be adapted to the specific context of thie discipline, organization or
project.

Level 1* 1SO/IEC/IEEE 15288
Level 2P Diseipline-specific
standards
Level 3¢ Organization-specific
standards
Level 41 Methods, Tools

a Detatts outcomes and dCUVIUES /TaSKS In each process.

b Details outcomes and activities/tasks in each process, specific to the discipline, e.g. SAE ARP 4754A aircraft
certification.

¢ Details outcomes and activities/tasks in each process, specific to the organization, e.g. aircraft company processes.
d  Details outcomes and activities/tasks in each process, specific to the project, e.g. project-specific coding standard.

Figure 3 — Relationship with existing documents

At the project level, organizational policies and life cycle processes are adapted to project needs, and specific
procedures and tools are identified. Some companies define preferred tools and tool sets to spread the
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costs of development, maintenance and learning across multiple projects. Resolution of any conflicts is left
to the organization or project applying ISO/IEC/IEEE 15288 and can involve developing a mapping and if
necessary, filling any gaps.

6.5.2

Methods and tools

Process execution typically is supported by methods and tools. The selection of methods and tools depends
on many factors including stage in the life cycle, position in the system’s hierarchy and application domain.
As a result, neither ISO/IEC/IEEE 15288 nor this document includes discussions of specific methods and

p]ncc’ there are some issues that should bhe considered when cn]pr‘fing and ncing methods a

d tools

tools.
Nevert
to accor]
a) The
too
b) Sele
the
asp
c¢) The
d) The
effa
e) Usi
the
6.5.3
The rea
a) est3
effi
b) est:
acr
c) ver
pro

d) adapting an existingprocess to cater to the risks associated with moves into new market sector

mol

e) dev
thr
par

hplish life cycle process activities or related tasks, including the following.

s follow processes follow purpose”.

ction of tools should consider connectivity to other tools that provide input$ or use ou
tool being considered for use. This also includes security, data storage duration and tool
pcts.

organization’s culture and knowledge can affect determining approptiate tools and method

training requirements for the effective application of the method’or tool as well as admini
rts should be considered.

1g sophisticated tools and methods does not relieve systéms engineers of the need to t
nselves.

Considerations and techniques
cons for applying ISO/IEC/IEEE 15288 within an organization can include situations as:

iblishing and sustaining good systems:€ngineering processes across the organization to
Ciency and effectiveness, and to redugce risk;

iblishing neutral common ground for communication and discussion of process and pro
bss different organizations andapproaches;

fying the thoroughness-of-an existing process; this should usually be more relevant wh
cess was developed in-heuse or adopted and extensively modified;

e rigour is required because of perceived risks;

eloping a new' process to meet the needs of a new organization; this includes organizations
ugh mergers or business alliances; it can be necessary to maintain several process model
ficular-activities;

f) mapaging the introduction of new technology; examples include the automation of existing

pro

approach “form follows function follows purpose” also applies to methods and toolst ‘methjods and

[puts of
ipgrade

S.

strative

hink for

mprove

redures,

lere the

s where

created
5 to suit

manual

cesses, or a change 1n the techniques used to 1implement a product or service. ISO/IEC/IEE

K 15288

defines criteria which can be used to benchmark the completeness of the process before and after the
technology is changed;

g) evaluating an internal capability of a party to meet agreed criteria, e.g. as part of the review process for
a solicitation response;

h) establishing a baseline for process assessment and capability determination;

i) establishing a benchmark upon which improvement projects can be developed, e.g. audit against
ISO/IEC/IEEE 15288.
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NOTE The application of ISO/IEC/IEEE 15288 within an organization is based upon the same approaches as are
used on projects, see 6.2.

6.5.4 Management commitment

As with any project which results in changes to work practices, it is essential that the stakeholders within
the affected organization be visibly committed to implementing and supporting organization and project
processes, and any necessary changes. In a two-party situation, selected process considerations may be
recorded in an agreement. Then, as for general organizational use, it should be normal practice to establish
policies or processes covering the relevant parties. Some agreements require supplier organizations to
provide evidence of process definition and conformance.

6.5.5 |Uses of ISO/IEC/IEEE 15288 within an organization

There ate four key uses of ISO/IEC/IEEE 15288 within an organization. These uses are illustrated in Figure 3
and desfribed below.

— Use|1 is a direct application of ISO/IEC/IEEE 15288 to an organization. ISO/IEC/IEEE 15288 describes
the|life cycle processes in terms of process name, purpose, outcomes and acCtivities and tasks. Thus,
dir¢ct application is the application of a set of selected life cycle processes €0 the organization ¢uring a
lifecycle stage to achieve the process outcomes and satisfy stage objectivés’and exit criteria. Pjocesses
are|typically adapted to the organizational context, and activities and tasks may be enhanced [to meet
needs. Procedures and tools are determined and typical outputs are,defined based on organizatjon size,
life cycle stage exit criteria, agreement deliverables, knowledge management system, resources available
and any other influencing factors identified.

— Use| 2 is for the purpose of creating and applying discipline- and domain-specific standards. These
standards can be derived from the applicable concepts and requirements of ISO/IEC/IEEE 1|5288 in
ordpr to standardise processes for use in disciplines&uch as software, mechanical, chemical, elpectrical,
as yvell as domains such as aerospace, automotivé, medical equipment. In this use it should be an

e 2 type

n Use 1,

may be

trained
bply the

hization
d 2, the
c to the
5 should
ngon a

n an Sol.
project
plicable
hndards

6.6 Application of project concepts
ISO/IEC/IEEE 15288 life cycle processes can be used by a project for at least four purposes:

a) to establish agreements with organizational entities external and internal to the project to acquire or
supply a product or service (agreement processes);

b) to establish the organization’s capability to acquire and supply products or services through the
initiation, support and control of projects (organizational project-enabling processes);
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c) to establish and evolve project plans, to execute the project plans, to assess actual achievement and
progress against the plans and to control execution of the project through to fulfilment (technical
management processes);

d) to contribute to the satisfaction of technical objectives for one or more life cycle stages (technical
processes).

The requirement to perform ISO/IEC/IEEE 15288 life cycle processes is independent of system size or
complexity. Instead, factors such as the system requirements and the concept of operation affect the system
size and complexity. Thus, the outcomes and activities from the ISO/IEC/IEEE 15288 life cycle processes are
meant to be generic and applicable to the engineering of any system within the scope of ISO/IEC/IEEE 15288.
The size and complexity of a system can affect the work of a project, for example the tasks performed to

accomp
of the p

6.7 A

ish an activity of a system life cycle process or the type and form of work products from apy
‘ocesses can be affected.

pplication of process concepts

6.7.1
This sul

General

pclause provides guidance to consider in executing the activities and tasks of the processe

in ISO/IEC/IEEE 15288 in order to better obtain the intended outcomes of the/processes and achie
purposg.

In the fpllowing, the processes defined in ISO/IEC/IEEE 15288 are disCussed as per the grouping
in ISO/IEC/IEEE 15288:2023, Figure 5. The technical processes aré.divided into concept definition

definiti
among {

6.7.2

6.7.2.1

The prd
organiz

n, system realization, and system deployment and use., The'figure also shows the interrelati
he processes defined in ISO/IEC/IEEE 15288.

Application of agreement processes (ISO/IEG/IEEE 15288:2023, 6.1)

General

cesses of ISO/IEC/IEEE 15288 can be used to attain an agreement. Agreements can be |
htions, between projects and for work'efforts within a project.

An acqulirer can look for a supplier to meet their needs, or can have internal personnel that can addres

Indepern
can be y

6.7.2.2

An appt
develop
prepare
For exa

dently, suppliers can look for dcquirers that need their services or products. ISO/IEC/IEE
sed in either case to impreveé the agreement process.

Application of acquisition process (ISO/IEC/IEEE 15288:2023, 6.1.1)

a request fortsupply. For smaller projects a single individual can be assigned the responsi
the requestfor supply. In addition, the choice of system life cycle can affect the acquisition a
mple, an.evolutionary approach (see 6.4.3.4) cannot allow for an initial detailed understaj

scope cgmpared to other approaches, which in turn can affect the detail in a request for supply.

lication

s stated
ve their

¢ shown
system
onships

etween

s needs.
F 15288

opriate team ¢rjindividual, depending on the project size and complexity, should be aSSlEned to

ility to
proach.
nding of

Approp

riaté to the level of formality, a common basis for the acquirer and supplier to understand th

project

requirements should be established including:

a) system and service requirements;

b) exp

c) dev

ected deliverables;

elopment and delivery schedule milestones;

d) acceptance conditions, exception handling procedures, conditions requiring re-negotiation of the
agreement, conditions required to lawfully terminate the agreement, conditions required to impose
penalties or invoke bonuses and payment schedules;
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e) rights and restrictions associated with technical data, intellectual property, copyrights and patents.

The level of formality of the monitoring of an agreement should be clearly established at a level appropriate
to the scope and context of the agreement. This typically includes definition of:

— mutual responsibilities;

— methods how to manage project execution;

— reporting system;

— quality control;

— cha
— ris

The ne
and sup|

ge management;
management and monitoring.

tiation can be considered complete when the terms of agreement are acceptable to/b6th the gcquirer
lier. It is essential that the criteria by which the acquirer will accept delivery; from the supplier are

clearly qtated in the agreement. Early clarification on these criteria is in the interest df both the acqujirer and

the sup

Detailed
ISO/IEC

Typical
bid, req

lier.

| acquisition planning can be supported by the projectV planning process from
IEEE 15288:2023, 6.3.1 if the acquisition is treated as a project.

solicitation documents include request for supply (also known'as request for proposal, request for
iest for information and request for quote), memorandum,of intent, offer or directive.

For so

e agreements, especially government contracts subjéect to strict competitive laws, the acquirer

developp acquisition requests for supply independently of,the supplier. Newer evolutionary approaches
(e.g. agile or DevOps approaches), prefer the involvemenb of suppliers to provide an optimum match of

stakeh
course (
under a

der needs with system requirements. This is €specially helpful as requirements evolve ¢ver the
fthe development. Similarly, when the supplier'who developed an Sol will also provide maintenance
separate agreement, they can also be invglved in the development of a maintenance agreement.

Once the agreement is in place, the acquirer should actively monitor the agreement. Maiptaining

commu
is essen|

It is alsq
agreem

6.7.2.3

The ass
establis
for the

nication with the supplier and assessing progress of the agreement based on appropriate measures
Lial to identify critical issues early.

the acquirer’s task to acceptidelivery of the products or services. Acceptance should be according to
ents as well as relevant laws’and regulations.

Application of supply process (ISO/IEC/IEEE 15288:2023, 6.1.2)

igned team of individual should perform the activities of the supply process appropfiate to
hing an agreement. First the team or individual should do the necessary planning to scope a $trategy

The pla

‘esponse_preparation effort and to understand the capabilities required to do the requestgdd work.
should'include a schedule of milestones and decision criteria for submitting a response and ¢onsider

the goals ofthe organization or project as well as applicable investment decision criteria. A supply s$trategy

is defingd<using the project planning process from ISO/IEC/IEEE 15288:2023, 6.3.1.

An agre

ement is typically from an internal or external organization. It can be internal to the project. It does

not need to be formal.

Organizations conduct market research in order to establish the opportunities available within a particular
business sector.

Typicall

y, in any supply situation there are several approaches or ways of doing something. An approach or

way that best achieves the overall organizational and supply goals and constraints is desired. Considerations
to include are:

a) app

licable legislation and regulations that apply to the supplier;
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b) organization goals;

c) competition;

d) organization environment and policies and procedures;

e) resource availability;

f) related management, technical and resource risks.

Within the constraints of required formality and regulations, acquirers and suppliers should work as closely
as possible to document mutually acceptable definition of the scope of the work. This is particularly important

when th

e cnpp]inr intends to involve other subcontractors. In this case, the pnfnnﬁ:\] subcontractor

s should

be invol
both, to

The leve
context
evaluat

Establis
includin

The lev
clearly ¢

To deter
the tecH

ved in the definition of the solicitation response and agreement negotiation, directly, indix
provide an optimum match of capabilities with system requirements.

1 of formality of the monitoring should be clearly established at a level appropriaté te the sc
of the agreement, including mutual responsibilities, frequency and mode of monitoring and
ng acceptable execution of the agreement.

h who is authorised to accept the supplied distinguishable product or/service and on wh
g applicable verification and validation processes.

bl of formality for delivering and supporting the product or service, including closure, sh
stablished at a level appropriate to the scope and content of thé. agreement.

mine whether to respond to the request for proposal or te determine the specifics of the rg
nical processes can be planned and performed to the level of the system structure approy

the sys

the natﬂlere and size of the system and the system life cycle stage. In addition, the scope of work

applicatlion of the technical processes should be accordingto the plan and should be assessed and co

using th
implem
approve

Typicall
or way {
are:

— afte
— bus
— org

— fing

— quallity characteristics;

— imp

ectly or

ope and
ways of

ht basis,

ould be

sponse,
riate to
cost of

m and the feasibility of meeting requirements within given constraints should be determined. The

e appropriate technical management processes. The organizational project-enabling proce

the response, as appropriate.

y, in any acquisition situation there are several approaches or ways of doing something. An a
hat best achieves the overall acquisition goals and constraints is desired. Considerations to

rmarket opportunities;
iness unit policies;
hnization enviropment;

ncial resource availability;

rovement strategy;

ntrolled
5ses are

ented to the extent necessary to support the technical processes and monitor the outcomes and

bproach
include

— obs

lag n
TCSTCTICC,

— competition;

— stakeholder goals;

— time-to-market constraints;

— potential risks for acquisition and supply.
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6.7.3 Application of organizational project-enabling processes (ISO/IEC/IEEE 15288:2023, 6.2)

6.7.3.1

General

Only those subsets of organizational project-enabling processes that are necessary for the enabling of Sols
are addressed in ISO/IEC/IEEE 15288. As such, the selected outcomes, activities and tasks can be included
as part of the definition of other processes, or an entire process can be subordinated to an activity level
under another process.

6.7.3.2 Application of life cycle model management process (ISO/IEC/IEEE 15288:2023, 6.2.1)

1SO/IEC

6.7.3.3

Typically, infrastructure is established based on organizational strategic plan, capabilities, resour
levels, yalue to the acquirer and technology policies. For an organization, payoff geals, market s

market

It is cri

6.7.3.4

The portfolio management process sets the environments far ‘oerganizations in which multiple
projectqy are accomplished to include applicable strategic and.tactical plans, system life cycle mod

policies
lines, a
each ot

Policies
organiz

procedyres are evaluated to realise continudus improvement of organizational maturity for satisf

strategi

The int
procedy

Approp
directi

products available for reuse, and the status of emerging technologies and related market opportuni
threats pnd the information databases in which captured data and documents are warehoused.

It is critfical to establish, use and continually refine, measures that show how well projects, individul
in the aggregate,/are achieving their objectives and those of the organization, using resources t}
demonsjtratéd,expertise in this area.

TEEE 247481 contains imformation on common Hfecycte modets-———————— |

Application of infrastructure management process (ISO/IEC/IEEE 15288:2023;6.2.2)

position, investment and competitive advantage are also factors.

Application of portfolio management process (ISO/IEG/IEEE 15288:2023, 6.2.3)

procedures and standards. In addition, the process-éstablishes constraints for technologies,
d project management aids and provides commurication paths with which projects inter
er and the organization.

htional products, services or both, shotld be evaluated on a regular basis. Changes to poli

Ic and tactical objectives is realised:

pority level for different systems produced by projects can require separate sets of poli
res. Further information ofi integrity levels is provided in ISO/IEC 15026-3.

Ces, risk
egment,

Fical to establish, use and continually refine measures that show heow(well the infrastrulllcture is
supportling the needs of the organization in executing its mission, using resources that have demo
expertige in this area.

strated

pongoing
els, and
product
hct with

and procedures that support and dire¢t projects that perform the services and produce the

ries and
ying its

ries and

g and enabling prejects including project status, standardised automated tools, organi

iate management aids are typically established to enable availability of valid informa‘Eion for

ational
ies and

ally and
at have

6.7.3.5 Application of human resource management process (ISO/IEC/IEEE 15288:2023, 6.2.4)

This organization process includes establishment of human resource services that enable organizations to
achieve their goals and objectives within legal, financial and other constraints and agreement requirements.

Human

resource services include, but should not be limited to:

a) resource acquisition;

b) skil
c) skil

] assessment;
1 development;
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d) skill measurement;

e) effective skill deployment to organizational needs;
f) directand indirect compensation;

g) knowledge capture, storage and re-deployment.

The infrastructure, skills and traits mix of personnel in projects, individually and in the aggregate, should
be reviewed for consistency with organizational strategic and tactical objectives.

6.7.3.6 Application of quality management process (ISO/IEC/IEEE 15288:2023, 6.2.5)

This pr(Lcess is consistent with establishment of quality management approaches that lead to confgrmance
with organizational and project quality objectives, and achieve customer satisfaction. In some-grganizations,
ISO 900[L or AS9100 is used as the basis for quality conformance.

This precess provides a sufficient level of confidence that system and service qualitjiattributes for each
project [are adequately defined and activities are effectively and efficiently managed so that cistomer
requirements are met and other parties interested in organizational success are satisfied.

6.7.3.7 | Application of knowledge management process (ISO/IEC/IEEE15288:2023, 6.2.6)

[t is important that knowledge management is recognised in the organization as a strategic effort and that
accumujated and used knowledge is therefore appreciated as a valuable-asset. A well-functioning knpwledge
management is essential for every organization to mitigate the risks/associated to losing knowledgg due to
retirempnts and attrition. For this reason, it is essential that teams€an commit time to add knowledge to the
organizption’s knowledge repository. The team capturing thé_knowledge should adhere to the knpwledge
management strategy to help ensure that other teams-~can find and retrieve the knowledge rpcorded
previougly. More information on knowledge managemeu? systems is provided in ISO 30401.

Participation in knowledge management in the ¢organization should be widespread and partjicipants
should receive appropriate levels of training. Whien making knowledge available within the orgahization
and shafring knowledge with stakeholders, acquirers and partners, intellectual property aspects should be
considered carefully.

6.7.4 |Application of technical management processes (ISO/IEC/IEEE 15288:2023, 6.3)

6.7.4.1| Application of project planning process (ISO/IEC/IEEE 15288:2023, 6.3.1)

Every s|iccessful project starts with thorough planning. The result is one or more plans that are|used to
guide project execution. Atjithe same time, the plans also serve as a basis for project assessment and|control.
The team that creates the plans gains invaluable insight into the impact of assumptions that should be made
in the early stages of the project.

Plans are constrained by organizational goals and objectives and stakeholder needs and plans c¢nstrain
technicl solutions.

Plans aife déveloped to define project goals and objectives (why?), the work that needs to be accomplished
(what?), the project schedule (when?), the project organizational structure (who?), and how the
organization’s processes, policies and procedures are adapted to match project-specific needs (how?). Plans
should include the scope, tasks, methods, tools, measures, risks and resources for applicable system or
system element implementation, integration, verification, transition and validation processes, so that each
contingency option can be efficiently and effectively used.

The strategies defined in each of the other processes provide inputs and are integrated in the project
planning process.

Contingency options are used in a plan when there are known risks or opportunities (for example significant
changes in budget, schedule, requirements or technology or resource availability) that can cause the project
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or work effort to be redirected. In particular, assumptions that were made in the initial planning should be
re-evaluated regularly.

Plans should be tailored as to the level and formality to suit project or work complexity, uncertainty and
resources including funding.

A work breakdown structure (WBS) of the system structure and applicable non-system-structure-specific
related technical management process activities is typically established. The initial WBS should be based
on the system structure and the system life cycle processes. A WBS typically evolves to identify tasks and
work packages associated with the specific system in parallel with the technical definition of the structure
in which the system exists.

After approval by the appropriate authority the project schedules and planned budget are consjdered a
baseling subject to change control according to organizational policies and procedures.

The lis{ below should be used as a checklist for inclusion and completion of essential-arid applicable
information in a plan:

a) thelgeneral problem to be solved;
b) thefapplication context of the general problem to be solved;

c¢) the|boundary of the general problem to be solved, denoting what can’be controlled by the d¢veloper
(indide) and what influences the development and is influenced by, the'development but not coptrolled
by tlhe developer (outside);

d) thefrequired inputs and outputs including dependencies on erdabling systems;

e) thelsystem concerns with respect to critical quality characteristics;

f) project-specific adaptions of the organization’s policies/ processes and procedures;
g) how required resources and tools will be acquired-and used;

h) the|project organizing structure to be used-fef’efficient and effective teamwork;
i) how the project will be staffed and managed;

j)  key|measures for product quality and how satisfaction will be determined;

k) keylintermediate events and how such event achievement will be determined;

1)  whé¢n, where and by whom activities and events will be completed;

m) key|measures of projéect performance;

n) thefrisks (e.g., project and technical) involved and how risks will be managed;

0) potential opportunities and how the opportunities will be identified and tracked;

p) thel|comipletion criteria for the process activities.

NOTE Al 1 PR +1] H 4 1 H 1ICO/IDc Do n 247409 4 A foVaWA & sFalVA & nh 0l 0 24748 5
nlSvu 1TTICTVdIIL tU LIICT lJl UJULL Plallllllls }Jl ULTSS dadItT IJU/ 11_4\4/ Lo 777077, IJU/ JLJ\J/ ITLLL -J,

ISO/IEC/IEEE 16326 and ISO/IEC/IEEE 15289.

6.7.4.2 Application of project assessment and control process (ISO/IEC/IEEE 15288:2023, 6.3.2)

The project assessment and control process evaluates the status of the project and redirects the efforts in
case of deviations from plans. The assessments are based on the plans established in the project planning
process.

Just like for project planning, the level of rigour to be applied in project assessment and control is directly
dependent on the complexity of the Sol, the agreements and legal obligations. The items identified in 6.7.4.1,
a) to p), should serve as an input to determine appropriate analyses and assessments.
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The project assessment and control process should be used to select, assess and collect system and process
measures to provide information for support of project management. Specifically, it includes determining:

a)
b)
9
d)

This infermation is further aggrﬂg:\fnd and used hy the pnrffn]in mnnagpmnnf process to }'ncfify’ or.

to justiffy, continued investment.

When v|

pro

gress of the project;

information for risk resolution;

meaningful financial and non-financial performance;

effectiveness and risk information for doing trade-off analyses and providing recommendations on
actions to take and resulting impacts.

Technic
schedul

The goal of reviews is to confirm that:

increase in system maturity is within the defined threshold;

the
the

un

ove

Sol leve
review.

appropifiate actions recommended to correct the.out-of-conformance condition.

Technic
develop

Ar
con

understood by the supplier and have been validated. This review can prevent proceeding with al

acc

A r¢view focused on preliminary concepts that helps ensure that the preferred concept has the p
of datisfying defined stakeholder requirements and is based on a set of viable, traceable t

req

An
are

edirect

bl reviews, audits and inspections are conducted against technical plansAaccording to
bs to demonstrate conformance of actions and outcomes to planned technigalwork.

project deliverables satisfy the business case;

budget is sufficient to fund the next system life cycle stage;

resolved issues are tracked and addressed;

Fall risk for conducting the next system life cycle stage is acceptable.

reviews can be done in conjunction with an‘organizational view milestone, decision gate of
Non-conformance of deliverable work products, services and processes should be recor

hl reviews such as the following‘hould be conducted for each project as appropriate
ment model used and consistent with project governance.

eview held prior to performing the stakeholder needs and requirements definition pr
ffirm that the business andmission requirements are complete, consistent with the acquirer

bptable set of the business and mission requirements.

irements.that are balanced with respect to cost, schedule and risk.

bvaluation of the established requirements baseline to confirm that the set of technical requi
balanced with respect to cost, schedule and risk.

hriations are detected that impact cost, time or quality, the project planning process)is’re-initiated
in order| to plan and implement appropriate corrective actions. Any revision to plans needs to'be apy

roved.

defined

quality
led and

to the

cess to
5 intent,
bss than

otential
bchnical

rements

An evaluation of the established functional baseline to confirm that the system definition is based on
achievement of technical requirements. It also can be used to confirm readiness to proceed with the
preliminary design of each system of the system structure.

A review conducted for the preliminary design of each system of the system structure to confirm that:

1y
2)
3)

the specifications and other configuration descriptions are defined appropriately;

the design solution is consistent with the acquirer’s requirements;

enabling system requirements are sufficiently defined to initiate enabling system developments, as

required, or to acquire the applicable enabling systems;
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4) approaches planned for developing detailed designs, including corresponding prototypes, are
appropriately planned;
5) risks are identified and resolution plans are feasible and judged to be effective.
A review conducted for the detailed design of each system of the system structure to demonstrate that:

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

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

3) enabling svystem reguirements to nrovide life cvcle sunport have been adeguately defined tg initiate
o~ J 1 r J rr 1 J

enabling system development or acquisition, as appropriate.

Revliews conducted prior to each scheduled series of tests on an implemented or integrated-test system
to donfirm test readiness by confirming that all test related enabling systems are in place and|the test
envlironment is prepared to accomplish test objectives.

Revliews conducted prior to decisions for production, transition or operations to confirm that the
system has demonstrated to meet its technical requirements through a combination of testing, gnalysis,
demonstration and inspection.

Reviiews conducted prior to releasing each design solution for first systent or batch production to fonfirm
production readiness by confirming that production enabling systemsand materials are in placeland the
profduction environment is prepared to accomplish production phjectives.

After cdmpletion of the detailed design of each system in the system structure that is based on the aJlocated
baseling, and with proof that the production system is ready@nd other enabling systems are readly or are
expected to be available when needed, the system can be réleased for production. The system prodyced can

be a ond of a kind, the first of a limited version or the first of many that will be produced.

NOTE 1| IEEE 1028, ISO/IEC 20246 and IEC 61160 giye additional detail on reviews. ISO/IEC/IEEE 24748-8 gives

information on technical reviews for the defence secton

NOTE 2 | Iterative, evolutionary, agile and DevOps life cycles rely more on incremental reviews with demonsgtrations

of workihg products.

6.7.4.3 | Application of decision management process (ISO/IEC/IEEE 15288:2023, 6.3.3)

Trade-off analyses are condueted throughout implementation of technical management and technical
processgs to resolve conflicts.(such as conflicting requirements) and select a recommended solution from a
set of de¢fined alternatives«(such as optional actions to take for risk resolution, resolutions for requfirement
conflictp, alternative fulnctional architecture design solutions and alternative physical archjtecture
design $olutions). Outcomes from a trade-off analysis include the recommended option, implementation

considerations, impacts related to each option, basis of recommendation and assumptions made.

Decisions should-be based on hard evidence and documented together with the rationale to help r¢-justify
the decisioninithe future and to help in future decision situations. Any assumptions that were mad¢ should
be checkedregularly. In case assumptions turn out to be wrong, the trade-off study should be reassgssed.

The types of trade-off analyses typically performed during performance of life cycle processes include:

a)

b)

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

informal — follows the same methodology of a formal trade-off analysis but requires less documentation
and is of less importance to the acquirer;

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

6.7.4.4

Application of risk management process (ISO/IEC/IEEE 15288:2023, 6.3.4)

ISO/IEC/IEEE 15288 is targeted to develop complex systems. Complexity always leads to uncertainty which
needs to be addressed throughout the whole life cycle of the system. Risk management is an approach to
ensure that uncertainties are properly covered.

Some sources define risk as the “effect of uncertainty on objectives”, so risks can have either positive or
negative effect ISO/IEC/IEEE 15288 uses the more common 1nterpretat10n that risks have a negatlve

effect o
uncerta

The gog

definitipn of “acceptable” can vary. In many cases, proven frameworks are used to help ensure consi

In every
includes

strategiles are initiated.

Throug
Risk ide
past exj
with ex
work arf
issues t
is based
being av
inform

help to

The con
can help

Risks th
This oft]
exceed {
effectiv

ISO/IEC

a) ren

b) plapning contingency actions for cases in which a risk is accepted;

) tak
d) sha

ntles Wlth a p051tlve effect is glven in ISO/IEC/IEEE 15288 o

| of risk management is to treat risks so that the expected consequences are dcceptal

' project, one of the first tasks is to agree a common approach for risk management. This 4
the definition of risk thresholds. In case a risk exceeds this threshold,\appropriate tr

nout the whole system life cycle, risks should be continuously identifiéd and recorded in a risK
ntification has three dimensions: past, present and future. The past.dimension of risk is bas
erience and includes benchmarking project measures and lessénslearned, measuring actua
bected results, mapping available resources to requirements-with respect to defining and d
1d implementation of the plan to produce the product. Thepresent dimension is governe
he project is facing right now. Sometimes, these issues are called pain points. The future di
on transformation of the project vision into goals-ahd objectives used for establishing pl
vare of the future from which risks and opportunitiés are identified and the ambiguities of g
tion and resources as well as the uncertainties tncovered during work. Brainstorming metHh
dentify those risks.

text, conditions and consequences should’be identified in risk statements. The following t
to identify the root cause of a risk: If <Situation> then <consequence> for <stakeholder>.

at have been identified are analysed®o determine the likelihood of occurrence and the consec

en results in a risk priority number that is evaluated against the thresholds defined. For ris
he threshold, recommended,treatment strategies are defined and evaluated. The most effic

b treatment strategies thatimitigate the risk to an acceptable level are implemented. Acco
IEEE 16085, typical tréatment strategies can draw upon any combination of:

oving the risk sourege;

ng or increasing the risk in order to pursue an opportunity;

ring therisk (e.g., through contracts, buying insurance);

ifies, i.e.,

ble. The
stency.

ypically
patment

profile.
ed upon
results
bing the
by the
ension
ans and
vailable
ods can

emplate

juences.
ks, that
ent and
ding to

e) ret3

jining the risk by informed decision.

As the likelihood of occurrence and the consequences of a risks can change over time, identified risks should
be reassessed regularly. Risk evaluation and mitigation can involve other life cycle stages, and can include
re-design to eliminate an unacceptable risk.

NOTE

A more detailed discussion on risk management is provided in ISO/IEC/IEEE 16085.
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Application of configuration management process (ISO/IEC/IEEE 15288:2023, 6.3.5)

The configuration management process facilitates orderly management of system and system element
configurations throughout the entire system life cycle.

NOTE 1

System elements and artefacts under configuration management are often called configuration items.

Typically, configuration management includes the following elements:

a) con

b) cha

c) configuration status accounting,
d) configuration evaluation.

Configuration identification should be active in the very early stages of every project. Topfoperly
each configuration item’s functional and physical characteristics a unique identifier should be assign

there sh
included
states o

Change
are imp
signific

have significant negative impact on other system elements, changes’' should be reviewed diligentl
approvdl. As proposed changes can have a significant negativecdimpact on other system elements, a

review
models
implem

Configu
configu

valid dqta on the status of the configuration items, e.g., approved documents, proposed changes,

charact

Configu
policies

management requirements, e.g., approved changes have been implemented, are satisfied.

Two tyges of configuration audits can be performed - functional audit and physical audit:

figuration identification;

nge control;

ould be a unique identifier for revisions of the configuration items. Configuration identificat
the definition of baselines throughout the system life cycle to support the’evolving config
f the configuration items.

to configuration items are inevitable. At the same time, it is undesirable that unapproved
lemented. Effective and efficient change control that is in effeet.beginning at project initiat
intly help ensure integrity and consistency of the configuration items. As proposed chan

n system level should be conducted before approval. Itis recommended to take advantage o
and simulations when assessing proposed changes. Typically, a change control board
ented to provide a central point to coordinate, reyiew, evaluate, and approve all proposed ch

fration status accounting can be seen as the>reward for all the work invested previously
ration identification and change controlcare properly conducted, status accounting can

bristics.

ration evaluation assesses whether the evolution of a product or service meets specif
and agreements. Evaluation typically happens at the decision gates to help ensure that config

manage
bd. Also,
ion also
uration

changes
ion, can
ges can
i before
diligent
fsystem
CCB) is
Anges.

;. When
provide
bhysical

cations,
uration

— A flinctional audit isTysed to demonstrate that system verification results compare favourably with

the

werile followed. This audit is also used to confirm that verification results compare favourably

con

NOTE 2

typically] completed before release of the system for initial production.

specifications @gainst which verification was performed and that planned verification pro

figurationtdecumentation such as drawings, authorised changes and “as-built” or “as-coded”

A pré-production prototype or the first system produced is typically used for verification. This

cedures
against
records.

audit is

T

hysical audit is performed to examine the "as-built

system against its configuration documentation

such as drawings, bill of materials, specifications, code lists, manuals, verification procedures and
acceptance data. The “as-built” system examined should be one or more of the first set of systems
produced during the initial production. Selection of the systems to be used in the audit should be done at

ran
iy
2)

3)

dom by the auditors. The purposes of the physical audit are given below:

to confirm that the system has been realised correctly according to its drawings or specifications;

to confirm that the information database represents the essential set of work products or artefacts

from the engineering effort;

to confirm that required changes to previously completed specifications have been included;
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4) to confirm that enabling systems for future system life cycle stages will be available, can be executed
and meet stakeholder requirements;

5) to provide the basis for approval of further production of the system, if applicable.

NOTE 3  Additional guidance regarding configuration management activities can be found in ISO 10007, IEEE Std
828, ANSI EIA-649 and SAE ARP4754A.

6.7.4.6 Application of information management process (ISO/IEC/IEEE 15288:2023, 6.3.6)

Information management supports all aspects regarding information that is generated by and for a project.
At the beginning of a project, information management should be thoroughly considered, preferably
before fhe first information items are created. In many cases, especially for safety-critical syste|1:s, legal

requirements can make it necessary to retain data for a considerable period of time. Also,. infofmation
should be exchanged with many other organizations, creating the need to investigate potentialissyes such
as validity of file formats, accessibility of information, definition of exchange formats and protection of
confidential information.

Typically, projects store large amounts of data. This requires search algorithms toxretrieve specific data.
Proven pnd standardised exchange formats should be used in as many places/as possible. Howevgr, open
exchange formats can be problematic in certain situations for data protectionreasons. The infofmation
items tHat are processed as part of information management constitute a portion of the knowledge gssets of
an orgahization. Thus, it is also necessary to identify invalid or obsolete data as such on a regular bdsis.

NOTE See ISO/IEC/IEEE 15289 for the life cycle content of information-items and ISO/IEC/IEEE 26531 for content
managethent for life cycle, user and service management documentation:

6.7.4.7 | Application of measurement process (ISO/IEC/IEEE 15288:2023, 6.3.7)

Measures are used to assess stakeholder satisfaction andte’deliver an ever-improving value to the a¢quirers
and suppliers of system products and services. These.measures provide stakeholders fact-based {lecision
information that the concept definition, system definition and system realization processes are prpducing
an acceptable solution. They also provide quantitative information on the system deployment and use
processgs.

Measures provide fact-based decision inforiration in multiple categories including:

— schedule and progress (e.g. milestone completion, progress, backlog, incremental capability);
— respurces and cost (e.g. finangial, personnel, facilities and infrastructure);

— profduct size and stability (e.g. physical and functional);

— profuct quality (e.g. anomalies, supportability, efficiency, dependability, usability, assurance);
— progess performance (e.g. conformance, efficiency, effectiveness);

— technologyreffectiveness (e.g. suitability, maturity, volatility);

— cusfofder satisfaction (e.g. value, feedback and support).

Measures should be selected to address identified information needs of the system or organization,
as specified by stakeholders. The measures should be tailored to project or enterprise processes and
infrastructure. There is a cost to collect and review measures, so a careful selection provides balance of
valuable information and acceptable cost. In many cases, the following are used(32].

— Measures of effectiveness (MOEs): The “operational” measures of success that are closely related to
the achievement of the mission or operational objective being evaluated, in the intended operational
environment under a specified set of conditions; i.e., how well the solution achieves the intended purpose.
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— Measures of performance (MOPs): The measures that characterize physical or functional attributes
relating to the system operation, measured or estimated under specified testing and/or operational
environment conditions.

— Technical performance measures (TPMs): TPMs measure attributes of a system element to determine
how well a system or system element is satisfying or expected to satisfy a technical requirement or goal.

TPMs are used to assess design progress, conformance to performance requirements and technical risks
for critical performance parameters. Selection of TPMs should be limited to critical technical thresholds
or parameters that, if not met, put the project at cost, schedule or performance risk. A TPM provides an
early warning of the adequacy of an architecture and design in terms of satisfying selected critical technical
parameter requirements.

Early il the life cycle the performance values can be estimated, based on simulation and modelling. As
the life [cycle proceeds, actual data replaces estimates and increases the fidelity of the informatipn. This
measurgment of the design solution as it evolves allows action to be taken early in the procéss. Measures
can be adapted to the organization. If they are, they should be limited to only those fetat each lgvel that
are truly incisive and that will actually be used as the basis for decisions. The feasibility’and effort tp collect
data shquld be considered carefully before implementing any measurement effort,

The general recommendation is that the project should begin with a few selectedmeasures and thenexpand
once the results have proven useful. Any measures utilised should be periodicdlly evaluated to enspre that
they provide useful information and are used for decision making.

NOTE Refer to ISO/IEC/IEEE 15939 for more specialised guidance and.reéqtirements.

6.7.4.8| Application of quality assurance process (ISO/IEC/IEEE 15288:2023, 6.3.8)

Quality |assurance helps to ensure that the quality manageident guidelines are implemented in the projects
of an organization. It is therefore necessary to break dewn' these guidelines into project objectives|and the
definitipn of measures that can be used to evaluate progress in relation to the guidelines. The measfires are
recorded using the measurement process. It is impéttant that all project members are committed tq quality
assuranfce. It is an integrated activity. In many.€ases, it is not enough to have one person fill the role of
the quality assurance manager. When the recorded measures deviate from the planned target, the sfituation
should be investigated and, if necessary, corrective action initiated, searching for and mitigating the root
cause that led to the deviation. Quality assurance is needed to validate tools, especially those reflated to
safety-dritical systems. In this context, proving that enabling systems do not inject errors into the Sql can be
very cogtly and time-consuming.

6.7.5 |Application of technical'processes (ISO/IEC/IEEE 15288:2023, 6.4)

6.7.5.1| General

The technical processes provide a means to explore new concepts or add capabilities to an existing Jolution.
They hglp define.an Sol that will address the problem, opportunity or need of the stakeholders{ This is
done thjrough_a.progression and iteration of concept definition, system definition, system realization and
system fdeployment and use. ISO/IEC/IEEE 15288:2023, Figure 5 provides a model for the applicatign of the
technicghptocesses of ISO/IEC/IEEE 15288.

In the discussions below on the technical process model for engineering a system, process application will
be to an Sol, whether it is an SoS, a constituent system, a standalone system, a system element or an enabling
system. Although an Sol can be addressed over its full life cycle, it is common for projects to span only
portions of that life cycle. For example, one project can analyse the business needs and stakeholders for a
new or modified system, while a second project can define the system and yet a third project can turn the
design into a realized system.

6.7.5.2, concept definition, discusses understanding the need for a system. 6.7.5.3, system definition,
translates concepts and needs into a description of a technical solution. 6.7.5.4, system realization, discusses
the implementation and preparation for acceptance of the Sol. 6.7.5.5, deployment and use, defines how the
system will be deployed, used and supported during the operational use of the system.
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All of the processes are intended to be applied iteratively, recursively and concurrently, as needed, to the Sol,
its system elements and any enabling systems. The life cycle model being used can impact how the processes
are applied. The processes apply in any stage and in conjunction with, or with consideration of, the other
processes of ISO/IEC/IEEE 15288 or ISO/IEC/IEEE 12207.

NOTE

See ISO/IEC/IEEE 24748-1:2024, A.9 for discussion of iteration and recursion.

6.7.5.2 Application of technical processes for concept definition

6.7.5.2.1 General
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TTeSS O TSSO amatysis process, amdstakeholder reeds—amd-Tequirements defimitiomprocess
1, together with the system analysis process, to gain understanding of the fundamental, nged for a
possible directions for a solution, along with its boundaries, and its stakeholders.

More guidance for applying the requirements and requirements-related processeslare propided in
IEEE 29148.

P Application of business or mission analysis process (ISO/IEC/IEEE'15288:2023, 6.4{1)

iness or mission analysis process should first carefully define the/ptoblem or opportunity to be
br the organization, and the reasons why it is beneficial to the organiZation, before effort is put into
cific solution. Therefore, it begins with the business vision and/concept of operations (ConOjps), and
ganization strategic goals and objectives including the missioh.(or business function). This|process
pe used to compare various types of conceivable solutions)in general terms, but only after a clear
anding of the business or mission problem or opportunityhas been obtained through such things as:

citing and analysing feedback on current and projeCted results compared to what is desired from a
tegic business or mission viewpoint;

sideration of the organization’s current and planned portfolio and resources, particularly the mix of
itive and negative impacts that can result from changing the current direction;

orough assessment of risks and benefits-associated with following the possible solution avehues (or

tification of relevant stakeholders and their involvement from the start of the application of the

The buginess or mission analySis‘process is usually applied most intensively during the concept stage of

’s life cycle. Howevef,.as with all ISO/IEC/IEEE 15288 processes, it can be invoked at any stage,

by itself or in conjunctioniwith other processes, especially the system analysis process and the ¢lecision

ent process. The’business or mission analysis process applies to both the Sol and any g¢nabling

The organizatiomshould consider obtaining independent outside as well as inside views and expgrtise to
support the businiess or mission analysis process for the business as well as enabling systems. The primary
products are business or mission needs, which are supported by preliminary life-cycle concepts - ificluding

concept, a preliminary support concept and a preliminary retirement concept. The preliminary operational
concept includes the operational scenarios for the mission and the context in which the solution will exist.

The business or mission analysis process should be repeated on a periodic basis, and performed on an ad
hoc or as needed basis to respond to changes in internal and external factors. Concept applicability and
impact should be considered across stages as well as within any particular stage.

The linkage between the organization’s business or mission analysis process and its knowledge management
process from ISO/IEC/IEEE 15288:2023, 6.2.6 should be thorough and explicit. The problem or opportunity
statement, risks and benefits, list of stakeholders, business or mission needs and preliminary life cycle
concepts should be recorded and maintained throughout the system life cycle.
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6.7.5.2.3 Application of stakeholder needs and requirements definition process (ISO/IEC/IEEE
15288:2023, 6.4.2)

The stakeholder needs and requirements definition process can be used to identify, collect and appropriately
define stakeholder needs and then use them to develop stakeholder requirements. The acquirer and other
interested parties together form the stakeholders related to the system being engineered. Interest in a
system does not need to be positive, and not all interested parties have a positive interest in the system. For
example, hackers can have a malicious interest in a financial system and thus be considered stakeholders.
In many cases, the acquirer provides the initial set of needs and requirements for each system in the system
structure. Additional needs and requirements that can influence the understanding of the system and the
eventual solution can be derived when considering other interested parties. Examples are given in the list
below:

rfaces with associated enabling systems or interfaces with other systems in the intended dpefrational
ironment;

a) int
en

cal quality characteristics such as safety, security, producibility, reliability, avajlability, ysability
maintainability;

ator and user needs, skills, competencies and working environments;
ives of stakeholders with the intention to harm the system.

appen that the acquirer or other stakeholders are not familiar with the concept of “good”
requirements. It can also be the case that the acquirer does not have aglear understanding of the redl needs.
In situafions like this, it has proven to be very effective and efficient to further elaborate the preliminary
life cycle concepts. A life cycle concept typically describes characteristics of the Sol from the stakeholders’
perspedtive. High-level scenarios, use cases and user stories (inthe case of an Agile approach) in an pasy-to-
understand format can support common understanding of the needs.

The resplting set of stakeholder needs and the stakeholder requirements derived from them represents a
collectign of requirements placed on the engineering.of a system. These stakeholder requirements{include
the fung¢tions, as viewed by the stakeholders, that are required to be performed, how well they should be
perfornjed, the environment in which they aref0-be performed, any required characteristics of thg system
and any services related to enabling systems. To help ensure that all possible sources of stalfeholder
requirements have been considered, all:the processes in ISO/IEC/IEEE 15288 should be examined. As
specificlexamples, the appropriate activities of the implementation process, integration process, verification
process| transition process, validation"process, operation process, maintenance process and disposalfprocess
can eac]‘\ugenerate needs and requiremients, as perceived by specific stakeholders, otherwise overlooked that
will influence the system beingengineered. Likewise, the activities of non-technical processes should also
be exanjined to see if they generate stakeholder needs and requirements.

After tHe set of stakeholder needs and requirements is defined, upward and downward traceabjility (or
complefleness and consistency checks) between the stakeholder needs and stakeholder requirementg should
be perfgrmed to confirm that no requirements have been omitted or added without accountability.

The set|of stakeholder requirements is the basis for performing the validation process after the| system
has beeh implemented or integrated and verified. It is important to take into account the requirements for
the opefation of the system and the business when addressing the stakeholder needs and requirements
definitioapreeess:

Stakeholder needs and requirements reflect the operational view of the opportunity or problem to be solved
and the desired life cycle concepts. This can include a new concept or modification of an existing system
based on usage or business feedback.

Stakeholders can be internal to the acquiring organization, such as related project, marketing organization,
product team, user, operator or manager; or external to the acquiring organization, such as a procurement
agency, prime contractor, another organization or purchaser.
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Interested parties are also referred to as “other stakeholders,” or parties other than the acquirer interested
in the outcome of the engineering or reengineering work. Other interested party requirements, not
necessarily provided by the acquirer in the agreement, include:

— organizational and project requirements such as those that deal with system markets and organizational
processes;

— environmental, local, national, and international regulations and laws;

— life cycle constraints for system development and integration, production, test, operations, and logistics
(deployment, training, maintenance and disposal).

Stakehotdernmeedsaregeneralty expressedasstatementstike“heretswhat twantdone>Thestatenent may,

5 Yy P Y
but often does not, initially say why the stakeholder has that need. Stakeholder needs elicitatipn/ggnerally
will takp a number of iterations for several reasons:

— the(stakeholder need can become clearer after the need has been formally stated and then questijoned by
others;

— the|perceived need can evolve as the stakeholder understands the needs of other'stakeholders, including
potential conflicts of needs and compromises among stakeholders;

— devgloping stakeholder requirements from the initial stakeholder needs can raise questions,|leading
to re-examination and changes in stakeholder needs that then flow back into revised stakeholder
reqpirements.

A requifement is typically made up of what has to be done (a fufiction) and how well it has to be|(done. A
function is typically a statement with an actor (who wants to accomplish something), an action (what they
want tolaccomplish) and an object (why they want to accomplish that thing) of the action. For example, “The
actuator opens the door within 10 seconds to enable access.*

NOTE 1| Agile often avoids the term requirement and ‘prefers the term user story instead. The agile uger story
pattern {s “As a <role (who wants to accomplish something)>, I want to <activity (what they want to accomplish)> so
that <bufiness value (why they want to accomplish thatthing)>.

A requifement can also be non-functional, e.g;\a design constraint, such as weight or colour.

NOTE 2 | Non-functional requirements are\also sometimes referred to as critical quality requiremgnts, see
ISO/IEC/IEEE 29148.

This pr¢cess includes activities and tasks performed by or for a supplier in the capture and expregssion of
requirements to be met and goals'to be pursued in the supply of the system and related services.

Cost can be a requirement$tated as a fixed cost (independent variable) or maximum cost (constraing).

This piocess involves-—assuring that requirements for system life cycle concerns affecting|system
functiorItality, such-asproduction, test, operations and logistics are identified.

The conftext of use description is a collection of information about the physical, technical, social and cultural
elementls surrounding a system and an analysis of how they affect (or will affect) the way the system is
used. The'Context of use description is a useful collection of supporting information when prepafing the
system USerand operationat TeqUiTenents. it provides guidarce om htow and where a systenT with be used
to the designers of the system in considering design alternatives. It is a reference document for the design
of validation activities for a system (see ISO/IEC/IEEE 15288:2023, 6.4.11). It is the most detailed source
of information about the users of the system and their working environment and is used as the primary
guidance when selecting users for trials and tests.

NOTE3  SeeISO/IEC 25063 for more information on defining and analysing context of use.

ISO/IEC/IEEE 24748-7000 includes processes for eliciting ethical values related to stakeholder needs and
realizing those requirements in ethically aligned design.
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[t is usually not possible to meet all acquirer and other interested stakeholder requirements for a particular
system since various stakeholders can have conflicting requirements relative to one another. These conflicts
should be identified and resolved when performing this process, or as soon as a conflict is identified when
performing one of the other technical processes. The effectiveness assessment, trade-off analysis and risk
analysis activities should be used to resolve conflicts.

Measures of effectiveness (MOEs) should be explicitly identified for each system in the system structure.
An MOE is an “operational” measure of success that is closely related to the achievement of the operational
objective being evaluated, in the intended operational environment under a specified set of conditions;
for example, how well the solution achieves the intended purpose. MOEs, which are stated from the user/

acquirer viewpoint, are the acquirer’s key indicators of achieving the objectives for performance, suitability
and affnrdnhi]ify across the life ryr‘]p

The stakeholder requirements are the basis for validating the implemented or integrated systen} that is
developgd using the technical processes.

Requirgment traceability is initiated at this point for tracking requirements and changes’ to requirements
from the stakeholder initial inputs through system architecture definition and design definitijon. The
stakeholder needs, stakeholder requirements, traceability from stakeholder requifements to stalfeholder
needs, dontexts of use and MOEs should be recorded and maintained throughout the’system life cycle.

6.7.5.2.4 Application of system analysis process (ISO/IEC/IEEE 15288:2023, 6.4.6)

The system analysis process is used throughout the concept definition\ptecesses. However, since it i§ equally
used for the system definition, described in the next subclause, discussion of the system analysis prjocess is
deferredl to 6.7.5.3.5. See ISO/IEC 26550 for guidance and considefations related to product line engineering
and management.

6.7.5.3 | Application of technical processes for systenidefinition

6.7.5.3.1 General

The system requirements definition process, system architecture definition process and the|l design
definitipn process are used in conjunction-with the system analysis process to define specific, [feasible
solutiorls for an Sol and all system elements’ Application of these processes can be highly iterative |n order
to arriveg at the solution.

NOTE More guidance for applying the requirements and requirements-related processes are proyided in
ISO/IEC/IEEE 29148.

6.7.5.3.2 Application of'system requirements definition process (ISO/IEC/IEEE 15288:2023,6.4.3)

Stakehdlder requirements are stated from the point of view of the various stakeholders, and not from the
point off view of theéisystem that responds to them. Accordingly, the stakeholder requirements tend to be
stated rpore from,'a user or an operational point of view rather than being stated in technical tefms and
conseqyently-ate€ often not directly usable for architecture definition and subsequent design definitjon. The
system fequirements definition process can be used to perform an analysis of the stakeholder requifements
and trapsform the stakeholder requirements into a set of usable system requirements. This inclydes the
identification and analysis of external interface requirements, as well as the quantitative and qualitative
statements of the system’s functional, performance, process and quality or non-functional (e.g. thermal,
reliability, finish) requirements and the constraints on them.

NOTE External interface requirements are not only limited to systems interfacing with the Sol in the operating
environment. Therefore, identification of the system boundary and type of boundary is critical, see also 6.3.5.

The resulting set of system requirements should be checked for upward and downward traceability to
help ensure that no stakeholder requirement has been omitted, that all stakeholder requirements have
child technical requirements and that all system requirements have a parent stakeholder requirement.
The resulting set of technical requirements should be checked for non-singular requirements containing
multiple parts, which should then be decomposed into individual (singular) requirements. As a set
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the requirements should also be checked for consistency. See the list of requirement characteristics
in ISO/IEC/IEEE 29148:2018, 5.2.5: necessary, appropriate, unambiguous, complete, singular, feasible,
verifiable, correct and conforming.

During the application of the technical processes, learning occurs about the operational needs and the
technical solution. That learning often requires iterating between processes to incorporate that learning
into activities and task that have already been taken such as the definition of requirements. This is done to
ensure a feasible and balanced solution.

In the context of SoS, see ISO/IEC/IEEE 21840:2019, 6.4.4 for elaboration and guidance on the utilization of
ISO/IEC/IEEE 15288:2023, 6.4.3 system requirements definition process. The “as-specified” configuration
should be recorded and maintained throughout the system life cycle, including the system requirements and
requirements traceability.

6.7.5.3.3 Application of system architecture definition process (ISO/IEC/IEEE 15288:2023, 6(4.4)

The sysfem architecture definition process is used to define fundamental concepts or properties of § system
in its environment and governing principles for the realization and evolution of a system. While arcHitecting
applies [to all types of systems, an analogy with architecting a building is usefuly abuilding archjtecture
will shdw the general shape of a building - stakeholders can see a drawing of/model of the building and
look at fit from various viewpoints. The system architecture definition proc¢€ss together with the design
definitipn process both can allocate the responsibility for satisfying system requirements to|system
elements. The difference is that during the system definition process, that allocation is accomplished within
the fun¢tional and physical architectures at a moderate level of detailiwhile during the design de¢finition
process|the allocation is completed down to the detailed system components in accordance with thg system
architedture. The primary purpose of the system architecture definition process is to transform stakeholder
concernls and requirements, and system requirements and constraints into the fundamental concgpts and
propertjes of the system in the form of architectural entities, their interrelationships and their behaviour.
The dedign definition process transforms architecture,dnd requirements into a design of the system that
can be rjealised to enable implementation consistent with architectural entities defined in models ar{d views
of the system architecture. In practice, the design-definition process and system architecture de¢finition
process|interact with each other iteratively: it can be necessary to develop design detail from a|specific
viewpoijnt to help ensure that an assumed architecture does indeed respond to a particular stakeholder’s
requirements. Throughout, the system analysis process should be used to support the system archjtecture
definitign process.

As the grchitecture evolves, the requiirements of the Sol, its system elements and enabling syst¢ms can
evolve doncurrently. Likewise, as stakeholder or system requirements change, this can require chgnges to
the arcHitecture.

When dgveloping an architecture, existing systems and system elements, as well as new technology, should
be consjidered. The use oOf)existing systems helps reduce time and cost of development but can increase
compleyity or have impaéts on long-term maintainability. Use of new technologies can provide a comlpetitive
edge but can also incréase risk. In any of these cases, new interfaces can be introduced, and can|require
changed to systemdequirements and an iteration of the system requirements definition process.

Archite¢ture- definition is concerned with developing potentially feasible solutions for the set of|derived
system [requirements, as assessed from multiple viewpoints, and assuring system concept configuration
integritbtirrouchoututilizationand supportstages-The completedarchitecture showld beused thrbughout

tH- ot TrotreorerrAorcrorr oo ot

the system life cycle to predict and track fitness for use and for assessing changes to the system.

Functional architecture definition includes looking at various logical decompositions and other
representations of system requirements. There is no set format or form for the various representations. The
format or form selected is that which best defines the functional, behaviour or data flow or data structure,
as appropriate, and that allows best assignment to potential physical elements, manual operations or
enabling systems for generating alternative physical architecture design solutions. The focus of developing
the functional architecture is on understanding the Sol's behaviour, identifying architectural entities and
their interrelationships. The focus of developing the physical architecture is on identifying and developing
alternative solutions which are distinguished by their configuration of architectural entities and the level of
performance of each alternative in meeting performance requirements.
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In arriving at an architecture definition solution that involves humans and human constraints such as
physical space limits, climatic limits, eye movement, arm or finger reach, information rates and ergonomics
should be considered. Also, human usability factors should be analysed. These factors affect human
interactions with other systems and human interfaces to the system throughout the system life.

Scale models, purpose models, behavioural models, mathematical models and managerial models can be
used during architecture definition to develop and communicate candidate solutions. The specific type of
model depends on the applicable system life cycle stage, its purpose or agreement requirements.

During architecture definition, it can be necessary to repeat the stakeholder needs and requirements
definition process and system requirements definition process, if it is determined that requirements cannot
be met because of unresolved issues related to the solution factors (see architecture design expected
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j) capacity to evolve, or be re-engineered, incorporate new technologies, enhance performance, increase
functionality or other cost-effective or competitive improvements, when the system is in production or
in the marketplace;

k) limitations that can preclude the capability of the Sol or system element and related services to evolve
(technology refresh or technology insert);
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1) advantages and disadvantages of implementing the system element or of doing integration within the
organization or going to an established supplier;

m) advantages and disadvantages of using standardised system elements, protocols, interfaces, etc.;

n) integration concerns that can include:

iy
2)

potential hazards to other systems, operators or the environment;

built-in test and fault-isolation test requirements;

3) ease of access, ready disassembly, use of common tools, part count effect, advantage of modularity,

standardization and llcar_Frinnr‘llinacc;

4)
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6.7.5.3.4 Application of design definition procéss’(ISO/IEC/IEEE 15288:2023, 6.4.5)
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requirements should be discussed with stakeholders.

Recursive application of the process is continued until all system elements of the Sol have been defined and
no additional systems or system elements should be defined. The Sol for one organization can be the system
that will be purchased by a consumer in a commercial market, such as an automobile. The Sol for another
organization can be a system element within another system such as a motor that will be assembled into an
automobile by another organization.

Also, at any level, a system element can be identified as having a unique standard that may be used for
implementation of that system. For example, one software system element may be developed using

ISO/IEC

/1EEE 12207.
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The recursive application of the technical processes is repeated as needed for the Sol system definition,
system elements and any enabling systems.

Using the architecture, system requirements are assigned to design solutions, considering whether they can
best be done:

— by hardware, software and firmware physical elements (new or existing);

— manually or by facilities, material or data; or

— by enabling systems associated with development and integration, production, test, operations, support

orr

etirement;

The dedign definition process is applied to the Sol, each system element and any enabling systen
the defined system element can be built, reused, repurposed or purchased. Reused system celem
taken fijlom one system and reused in another system for the same purpose. Repurposed system ¢
are taken from one system and modified to be used for a different purpose in another or the same
Softwaile systems and software-intensive subsystems in an Sol, can themselves be treated as the
developed using ISO/IEC/IEEE 12207.

In arrivjing at a design solution that involves humans and human constraints sdeh as physical spac
climatidlimits, eye movement, arm or finger reach, information rates and ergéonemics should be con
Also, himan usability factors should be analysed. These factors affectthwman interactions wit
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interface and inter-changeability characteristics;
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The initial or “design to” specifications provide the input design for initiating development of the systems.
These initial specifications are provided by the system requirements definition process and are revised
during the system definition processes for the Sol and system elements. Specifications describe the required
characteristics of system elements in the Sol and include the functional and performance requirements,
interface requirements, the environments in which the system elements are required to perform their
functions, physical characteristics and attributes, the basis for evaluating verification and validation test
systems, the methods for verifying conformance, intended uses and enabling system requirements.
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The final or "build-to" specifications that are created using the system requirements definition process
provide the output design for initiating implementation of the system and its elements. The “built-to”
configuration should be recorded and maintained throughout the system life cycle.

The activities can be supported by an MBSE approach, see Annex C.

6.7.5.3.5 Application of system analysis process (ISO/IEC/IEEE 15288:2023, 6.4.6)

The system analysis process is used throughout the application of the ISO/IEC/IEEE 15288 processes. In
many cases, the system analysis process supports the processes described in 6.7.5.2 for understanding
stakeholder needs and requirements and is similarly applied throughout the use of the system definition

os described in 6753

process

When information is needed to monitor whether the system meets its objectives, the results|of| system

analysig are reported to the project assessment and control process.

The usef, and indeed all stakeholders in the Sol, should ensure that their system analysisjprocess in¢ludes:

a) analytical methods adequate to address all of the types of analyses that may be riequired throughout the
appllication of ISO/IEC/IEEE 15288 processes;

b) explicit steps to identify and validate analysis assumptions;

¢) techniques that inherently provide a range of possible responses, rather than single point solutipns;

d) methods to assess risks of the analyses and their results;

e) outputs that clearly communicate analytical results to all tiypes of stakeholders who have an interest in
thoge results;

f) tools that support analyses without forcing unacceptable constraints on the analysis;

g) methods to capture, accumulate and retrieve knewledge of current and prior analyses;

h) human resources who have a deep understanding of the inherent limitations and fallacies of system
anallysis.

6.7.5.4 | Application of technical processes for system realization

6.7.5.4.l General

The implementation process, integration process, verification process and validation process are|used to

realise the system for eachi'system element and for the Sol. These processes are applied throughout the

system |ifecycle. Examples’are as follows.

— Thgimplementation process is also used to realise prototypes.

— Thd integration process is also used to virtually integrate systems based on models.

— Thg verification process is also used to prove in the concept phase, with the help of simulations, [that the
finaltsystenristikety tomeetthe requiredperformance:

The validation processisalsoused to help ensure thatsystem requirements accurately reflect stakeholder
requirements.

The focus of the processes is to build, integrate, and evaluate the system to be ready for deployment, based on
the system definition. This includes verifying that the system meets the system requirements, architecture,
and design; and validating that it meets stakeholder needs and requirements.
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6.7.5.4.2 Application of implementation process (ISO/IEC/IEEE 15288:2023, 6.4.7)

The implementation process can be applied for each system element defined as part of an architecture and
design solution. This includes any kind of preliminary products or services such as prototypes or mock-ups.
The implementation process should be used to transform such system element definitions into products
or services appropriate to the applicable life cycle stage. The implemented system element can be either
a single product or a composite product depending on the Sol and its ability to be appropriately modelled,
built, bought or reused.

Aspects to consider in forming the implementation strategy include:

a) whether implementation produces a novel system element, or a system element that is reproduced
accprding to existing architecture, design and implementation data or is an adaptation of an existing
system element;

b) stapdard practices that govern the relevant implementation technology, technical disciplinie or product
sector;

c) safgty, security, privacy and environmental factors;

d) implementation location and environment;

e) implementation skills, their availability and sustainability;

f) thematerials selected for fabrication, consumable materials and byproducts;
g) operator characteristics;

h) perjod over which repeated instances of implementation are required.

The sydtem element is either a single product (e.g. coaponent or part) or composite of produfts (e.g.
subassejmbly, line replaceable unit) depending on its lével in the system structure and its ability to be
purchaged or implemented.

System plements consisting solely of hardware items can be:

— purchased off-the-shelf from a supplier, 0¥ vendor;

— fabricated in-house;

— from in-house, off-the-shelf supply.

System glements consisting solely of software items can be:

— acqpired from a supplier as commercial-off-the-shelf (COTS) or open source;
— devgloped by an ‘outsourced software developer or in-house;

— assembled from existing software libraries.

System [elerhents that are composites of hardware and software, but exist as off-the-shelf items| can be
purchaded{rom a supplier or reused.

System elements that are services or products other than hardware or software, such as data, humans,
processes (e.g. processes for providing service to users), procedures (e.g. operator instructions), facilities,
materials and naturally occurring entities, can either be obtained from a supplier or through in-house
capabilities.

The implemented system elements are usually verified using the appropriate process prior to delivery to
an acquirer. Validation can be performed before delivery or prior to completion of the integration process
based on agreement obligations.

The “as-built” configuration should be recorded and maintained throughout the system life cycle.
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6.7.5.4.3 Application of integration process (ISO/IEC/IEEE 15288:2023, 6.4.8)

The integration process is used every time system elements or artefacts are available for integration
throughout the system structure. The integration is performed according to the configuration descriptions
developed for that system element. This newly integrated system, system elements or artefacts are verified
using the verification process and validated using the validation process. Integration activities occur until
the Sol is realised. The Sol can be transitioned using the transition process.

The integration strategy should address all system elements, including all services and products. These
can be composed of any combination of hardware, software, data, humans, processes (e.g. processes
for providing service to users), procedures (e.g. operator instructions), facilities, materials and naturally
occurring entities.

The int¢gration strategy should include methods to assess all interfaces after each stage of infegiation to
check fqr and address possible changes.

When the Sol is a CS of an SoS, the Sol can participate or is involved in integration, verification and vdlidation
of the SpS, in conjunction with utilization of the Sol. When the Sol is an SoS, integration, verification and
validatipn of the SoS with CSs are possibly conducted incrementally or on an as-requested basis becfuse the
SoS depends on the product life cycle of individual CS and/or strategic evolution of available service fcope of
the SoS.

System |validation test results, records and procedures, as appropriate,» should be reviewed prior to
integraflion being performed.

Further|information on integration is provided in ISO/IEC/IEEE 24748-6.

6.7.5.4.14 Application of verification process (ISO/IEC/IEEE 15288:2023, 6.4.9)

As per [SO/IEC/IEEE 15288:2023, 6.4.9.1, the purpose-of.the verification process is to provide opjective
evidencp that a system, system element, or artefact fulfils its specified requirements and characteristics.
This prgcess can be performed multiple times throughout the system life cycle.

This verification should be performed accordiiig-to a verification strategy. Verification can be dependent
on the type of system, on the decisions madewegarding life cycle stage entry and exit criteria, as welll as the
specific|life cycle stage. Example methods;dfverification are the following:

a) inspection (e.g. review of system elements versus the architecture or design);

b) andllysis (e.g. using mathematical modelling, simulation or a virtual reality prototype);
c) demonstration (e.g. prototypes, operations);

d) test(e.g. using physical products, prototypes, breadboards or brassboards).

The syqtem implemented or integrated should be used for performing verification. During early stages
of a system life eycle, inspection, analysis or demonstration can be used for verification. For later stages,
operatign or.testing can be used. However, use of inspection, analysis (including simulatiops) and
demonsftration for verification during any life cycle stage can be more effective than physical tesfing, e.g.
destrucivéor hazardous testing.

Generally, verifications are conducted under controlled conditions. As such, actual operational environments
and use of operators is not a factor. If the operational environment is a factor for a specific performance
requirement, then it should be included in any modelling, simulation or other form of verification.

Verification failure can result from failure to meet requirements, improper implementation or integration
of the system, and also from poor conduct of the verification method. Anomalies that are discovered during
verification of the Sol or a system element should be appropriately resolved prior to the transition of the
system to the acquirer.

It can be necessary to have the supplier re-engineer a defective system or system element being verified.
This can require iteration through the concept definition or system definition processes. This can also create
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the need for re-engineering system elements in the Sol being verified, and then iteration of the verification
or other system realization processes.

6.7.5.4.

5 Application of validation process (ISO/IEC/IEEE 15288:2023, 6.4.11)

As per ISO/IEC/IEEE 15288:2023, 6.4.11.1, the purpose of the validation process is to provide objective
evidence that the system, when in use, fulfils its business or mission objectives and stakeholder needs and
requirements, achieving its intended use in its intended operational environment. This process can be
performed multiple times throughout the system life cycle.

Validation can be done with simulation or mathematical modelling, with a technology prototype, with a pre-

produchnn nrnfnhrnp orwith a delivered or installed cvcfnm as ahnrnnr]ah'-\ to c::hcfv the entry
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The fingl eustomer for the Sol validates the delivered products using the validation process agalfinst the
stakeholder'needs and requirements. This can take the form of acceptance tests or initial operaticllnal test

and evaluation.

Non-conformance resolution is conducted at a level consistent with cost effective remediation actions,
including re-validation following resolution or organizational quality improvement actions.

6.7.5.5

Application of technical processes for system deployment and use

6.7.5.5.1 General

The transition process, operation process and maintenance process allow the stakeholders to achieve the
service and/or product benefits of the Sol, at the level desired and over the extent of time intended. The
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disposal process is used to remove the system from service and, if appropriate, physically dispose of it in a
manner that helps ensure that no safety, environmental, operational or other hazards are created, or allow
for it to be repurposed.

The deployment and use technical processes should be considered even before a system is transitioned.
They should be considered during concept definition, system definition and system realization to help
ensure that the needs for transition, operation, and maintenance have been considered in requirements,
architecture and design, and implemented in the Sol and system elements. This allows for an effective and
efficient deployment and use of the Sol.

6.7.5.5.2 Application of transition process (ISO/IEC/IEEE 15288:2023, 6.4.10)

Transition occurs whenever the Sol or its systems elements move from one environment to andther such
as to the implementation environment, the installation site or the environment of use. Theltransition
process|is used to deliver to the acquirer a fully integrated and verified Sol. The delivered system fan also
be validated if the agreement requires validation to be accomplished by the supplier, before trgnsition.
Appropfiate transition should be performed for each system element and the Sol. With“modern spftware
system development approaches, systems can be transitioned from one environment,\such as development
environment or test environment, to another environment, such as production or dperational enviropments,
multipl¢ times a day. The system will require a higher level of automation to speéd’up the transition aftivities
while pfoviding effective quality assurance activities,

Considerations for transition should include, as appropriate, packaging and handling, storage, transpqrtation,
installation, and ensuring that each site is properly prepared for eithefthe installation or receipt, pr both,
of the system. Transition activities will be dependent on the life cy€le stage and the interrelationshjps with
other system elements within the Sol. Transition can occur incrementally, as the Sol evolves from an initial
capabilitty to its full intended capability.

User or pperator-training can be provided during the transition process to prepare the users and operators
for the gperation of the Sol. Any necessary training matefials are prepared in the implementation pfocess.

There ate situations where it is necessary to continueto operate some systems while they are being ffeplaced
and while installing and certifying the new systen¥and training operators for the new system.

When the Sol is a CS of an SoS, the transitionprocess on the Sol is possibly conducted iteratively to pafticipate
in the transition process of the SoS, even\during utilization stage of the Sol. Such CS transitions of{the SoS
are usuplly known in directed, acknowledged and collaborative SoS, but possibly not known inf virtual
SoS. Addlitionally, the transition precess on a CS is possibly requested to be conducted with sophisticated
migratipn such that it operates thelégacy system and the new one until the SoS addresses and resolves those
replaceients and changes. When the Sol is an SoS, the transition process on the Sol is possibly cohducted
iteratively to upgrade the SoS, when a CS is modified or maintained, or a new CS is incorporated into|the SoS,
even dufing the utilizatiomstage of the Sol.

system
ilfty. It is
n initial
t earlier
than would OtheI'WISe occur. At the same tlme early use ofthe operatlon process allows learmng on the part
of the operators, those who receive the functional benefits of the system and those who support the system
under the maintenance process. This opportunity for learning and refinement of the requirements for the
final system can be formalized under an incremental build concept.

The operation process can be applied for much longer spans of time, and in different environments, than any
of the product definition or realisation processes.

The operation process is used in any one of the system life cycle stages for the operation of the system and
the applicable enabling systems to accomplish the functionality objectives of a particular stage.
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Each life cycle stage has an operation function to carry out the purpose and objectives of that stage.
Therefore, the operation process is applicable to any stage and can have a different strategy for operating
the system and the enabling system applicable to that stage.

During concept and development stages of the system life cycle the operations strategy can be included in
the project plan or the engineering strategy.

When the Sol is a CS of an SoS, the operation process on the Sol is possibly requested to be conducted with
DevOps, such that development, operation and maintenance are performed concurrently and iteratively
with minimized out-of-service periods, in order to prevent degradation of available services of the SoS.
When the Sol is an SoS, the operation process on the Sol is possibly conducted with monitoring operational
incidents and maintenance status of the CS and/or with continuous exploration of alternative systems to
join as rledundant CS, in order to prevent degradation of available services of the SoS.

6.7.5.5.4 Application of maintenance process (ISO/IEC/IEEE 15288:2023, 6.4.13)

The majintenance process should be considered even before a system is transitioned-and is thereafter
generally applied in parallel with the operation process. Considering maintenance “throughout [the life
cycle impproves the quality of the maintenance strategy and training, as well as«he adequacy of Jogistics
arrangements.

Like theg operation process, the maintenance process is generally applied formuch longer spans of time, and
in differlent environments, than the product definition or realization prodesses. The long-term succegs of the
mainterjance process depends on maintaining alignment with changesjifithe operation of the systen

I

The majntenance process includes any element of logistics support-including the training of mainftenance
personifel, in-service configuration management, operation of depots and maintenance facilities| supply
management, supply functions as defined by the agreement-or other directives and package, handling,
storage|transportation and shipping.

Each system life cycle stage has a maintenance fungtion to carry out the purpose and objectiveg of that
stage. Therefore, this process is applicable to any stage and can have a different strategy for maintaining
the sysfem and the enabling system applicable t@sthat stage. With modern software system development
approadh, system maintenance can occur in parallel with system development. The system needs tofhave an
effectivg monitoring mechanism to collect syStem performance feedback or user’s feedback, so that it can
be provjided back to the development team for just-in-time improvements. Activities conducted umnder the
mainterjance process should be closely(aligned with the configuration management process to hely ensure
that the system configuration is updatéd anytime maintenance activities are performed that affec system
configuration.

Appropfiate records recording.maintenance and logistics actions and outcomes should be maintaing¢d.

When the Sol is a CS of-an’SoS, the maintenance process on the Sol is possibly requested to be conducted
with reflundant systems’ (e.g. dual systems, multiple hot stand-by systems, or dual operation of thg legacy
system pnd the maintained one) in order to prevent degradation of available service of the SoS. When the
Sol is ar} SoS, themaintenance process on the Sol is possibly conducted when CS are entering into and out of
mainterjance periods, and/or when interfaces of CS are going to be changed.

6.7.5.5. Application of disposal process (ISO/IEC/IEEE 15288:2023, 6.4.14)

The disposal process should be considered while a system is still operational and can be applied to the Sol
or to select system elements. In the case of incremental development of capability, it is not uncommon to
need to dispose of select system elements. The disposal strategy can become complex in such cases and
the strategy needs to be identified. The disposal strategy should also include methods to help ensure that
disposal of system elements happens in accordance with applicable laws, policies and procedures.

On the other hand, it is also not uncommon for only part of the disposal process to be applied. For example,
an obsolete part of a system is removed from operational use, but still be left intact and able to perform, if
need be, in an emergency or as a platform to test capabilities for further evolution of a system. While the
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disposal process needs to be developed and executed in synchronization with operation and maintenance of
the system, it is particularly important in these complex cases.

The disposal process should pay close attention to archiving information related to disposal, and ensuring
that all required certifications are obtained and available. This can be necessary over an extended span of
time.

EXAMPLE1 An element of the Sol or an enabling system can require a special disposal method to protect the
environment.

EXAMPLE 2 A storage device can require a special disposal method to protect the data in it.

Each lifﬁwmwwwwm.t stage.
Therefofre, this process can be applicable to any stage and can have a different strategy for disposing the Sol

or systgm elements, elements of the definition, waste products, non-reparable or non-reclaimable groducts
and undesired by-products from that stage.

The disposal process can also be applicable to any enabling systems for that stage.
6.8 Application of conformance and adaptation concepts

6.8.1 |Application of conformance concepts

ISO/IEC/IEEE 15288 allows claims of either full or tailored conformance for a declared set of prpcesses.
Claims ¢f full conformance for a declared set of processes require demonstrating that either:

a) all ¢f the outcomes of the declared set of processes have been.achieved; or
b) all ¢f the activities and tasks of the declared set of procéssés have been achieved.

Tailored conformance is achieved by demonstrating that the outcomes, activities and tasks, as [tailored
according to ISO/IEC/IEEE 15288:2023, Annex A, have-been achieved.

NOTE Both full and tailored conformance to-~the requirements of ISO/IEC/IEEE 15288 are disclissed in
ISO/IEC/IEEE 15288:2023, Clause 4.

In determining claims of conformance, thefellowing points should be kept in mind.

— Profess selection: Claims of confornrance to ISO/IEC/IEEE 15288 are made for a declared set of prpcesses.
Neither an organization nor a@particular project is required to use every process. They may se¢lect the
professes relevant to their fieeds and declare that subset as the basis of conformance.

— Profess substitution: Rrocesses used in related standards, such as ISO/IEC/IEEE 12207 are descfibed as
"sp¢cialization” of progesses in ISO/IEC/IEEE 15288. The system-level process can be used as a basis for
conformance ratherthan the software-level process.

— Use|of notes: 4SO/IEC/IEEE 15288 uses non-normative notes or other forms of guidance for provisions
that are net.required for conformance. In specific situations, implementation of selected note$ can be
appropriate.

— Depending on the domain and discipline, conformance to other standards can he necessary. It is possible
that conflicts can arise in the ability to claim conformance to a set of standards. Care should be taken to
resolve these conflicts to establish a holistic approach to claiming conformance.

6.8.2 Application of adaptation concepts

6.8.2.1 Adaptation concepts for life cycle models

Life cycle models, as well as the processes from ISO/IEC/IEEE 15288, may be adapted for an individual
project to reflect the variations appropriate to the organization, project and system while still being able to
claim tailored conformance.
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Adaptation using identification of project circumstances

ISO/IEC/IEEE 15288:2023, Annex A specifies a normative tailoring process, including an example,
informational list of circumstances that influence tailoring as stated in the list below with the following
elaboration:

a) stability of, and variety in, operational environments;

b) risks, commercial or performance, to the concern of stakeholders;

elty, size and complexity;

tina data and duration af utilizatiqn:
HHE-GatedhHa-ataso -6 HtirAa ot

For ex:I‘nple, if the operational environment is stable, one process'set can be appropriate, by
ion

c) nov
d) sta
e) intg
f) emgd
g) pro
h) ava
i) role
j) the
operat

of stabil
The pre
process
The deg

analytid
tailorin

6.8.2.3

The pre
critical

grity issues such as safety, security, privacy, usability, availability;

rging technology opportunities;

file of budget and organizational resources available;

lability of the services of enabling systems;

s, responsibilities, accountabilities and authorities in the overall life,cycle of the system;

need to conform to other standards.

al environment is unstable, an alternate process set car“bg more appropriate. Identifying
ity instead of the binary choice can produce more optigns'for consideration.

bs and outcomes relevant to those issues.

al framework for objectively identifying, €haracterizing and evaluating a set of alternative
b decision.

Adaptation using characteristics

sence or absence of certain.¢characteristics can be used to guide tailoring. If the system has
elements, processes and:additional outcomes related to safety can be turned on. If the

does no

document, ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207, there is a continuum of human-made
from thpse that use little-orno software to those in which software is the primary interest. When s

is the

have safety critical elements, the associated processes may be tailored out. In the contex

edominant syStem or element of interest, ISO/IEC/IEEE 12207 should be used. Both doq

t if the
degrees

sence of integrity issues driven by the domain or-regulatory requirements can require additional

ision management process in ISO/IEC/IEEE15288:2023, 6.3.3 can be used to provide a strijictured,

5 for the

safety-
system
t of this
systems
oftware
uments

have th¢ same proceSs model share most activities and tasks, and differ primarily in descriptive noftes. The

determination of the'applicability of ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 should be decide|
nature ¢f the system and its enabling systems. Often, a mixed tailoring of each standard can be appr

The list|ofcharacteristics can be similar to the list of circumstances listed in ISO/IEC/IEEE 15288,
cases, theuntent is to explore the context of the project to guide the tailoring process. As organizatio

d by the
opriate.

In both

ns build

proficiency with tailoring, patterns can emerge upon which to speed the process for future projects. These
patterns can be used to establish templates for processes to product line engineering.

6.8.2.4

Adaptation using characteristics and scaling

In addition to characteristics, scaling factors can be used to further clarify the potential implications. For
example, if requirements size (quantity) is used a characteristic, a scaling factor can be beneficial. That is, the
optimal process approach can differ if the number of requirements is low, medium or high. If the number of
requirements is high, increased rigour can be necessary to achieve the outcomes of the system requirements
definition process. If the number of requirements is considered to be medium, then rigor should be traded
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against adaptability/alternatives for the process. If the number of requirements is low, alternate processes
and tool can achieve the outcomes more effectively and efficiently.

Other dimensions to consider include team size, geographic distribution, organizational distribution,
skill availability, conformance, domain complexity and solution complexity, with scaling factors in each
dimension.

6.8.2.5 Adaptation for very small entities

For the specific case of Very Small Entities (VSEs), the ISO/IEC 29110 series can be applied. For the purpose
of the ISO/IEC 29110 ser1es a VSE is an enterprlse an organlzatlon a department or a prolect having up
to 25 people ot of guides-has bee s - example, VSE
often d( not have separate levels of governance above the pr01ect or team level and can 1ack the sgsources
within fhe organization to perform some processes independently of the development team. Thelgufides are
based oh subsets of appropriate standards processes, activities, tasks and outcomes, referred|to as profiles.
The puilpose of a profile is to define a subset of International Standards relevant to the VSEs’ context; for
examplg, processes, activities, tasks and outcomes of ISO/IEC/IEEE 12207 for software;pracesses, adtivities,
tasks apd outcomes of ISO/IEC/IEEE 15288 for systems; and information products (documentdtion) of
ISO/IEC/IEEE 15289 for software and systems.

This setfies of International Standards and Technical Reports is intended to be'dsed by VSEs that do ot have
experiehce or expertise in adapting ISO/IEC/IEEE 12207 or ISO/IEC/IEEE 15288 standards to the ngeds of a
specific|project. VSEs that have expertise in adapting/tailoring ISO/IEC/IEEE 12207 or ISO/IEC/IEEE 15288
are encguraged to use those standards instead of ISO/IEC 29110.
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Annex A
(informative)

Summary of typical revised points in ISO/IEC/IEEE 15288:2023 from

ISO/IEC/IEEE 15288:2015

Table A.1 summarizes what is topically revised in ISO/IEC/IEEE 15288:2023 from ISO/IEC/IEEE 15288:2015

for clau

Subclau
only sig

T4

be of concepts and life cycle processes.

es not mentioned are either unchanged or slightly modified. In ISO/IEC/IEEE 15288:2023, (|
hificant changes to the outcomes, activities and tasks are mentioned.

evaluation process

lause 6,

ble A.1 — Typical corresponding relations of life cycle processes contributing to quality

ISO/IEC/IEEE 15288:2023, Clause 3 Terms, definitions, and abbreviate@&fns

2 2

Definition of the term “system” has been changed and some of definitions'afid Notes have been
modified.

New terms: “artefact”, “interface”, “interoperating system”, “process.iteration”, “process outcome”,
“process recursion”, “safety”, “system of systems”, “view” and “viéwpoint”. However, the definitions
of the terms “architecture framework”, “architecture view” and*“architecture viewpoint” have been
removed but are defined in ISO/IEC/IEEE 42020. Also, the following terms are removed: “design,

verb”, “facility” and “trade-off”.

The abbreviated term “Sol” has been provided for theterm “system-of-interest”.

1SO/IEC/IEEE 15288:2023, Clause 4 Conformané{1§0/lEC/lEEE 15288:2015, Clause 2 and thus
all subclauses renumbered correspondingly) c\‘}

ISO/IEC/IEEE 15288:2023, Clause 5 Key coQgth and their application

1S0/1EC/IEEE 15288:2023, 5.2 System contepts

[SO/IEC/IEEE 15288:2023, 5.2.2 Systenistructure

The relationship of Sol and its systein'elements may be networks and other distributed systems
(e.g. SoS) in addition to hierarchical.

[SO/IEC/IEEE 15288:2023, Figure 1 “System and system element relationship” has been slightly
modified.

[SO/IEC/IEEE 15288: 023,\/5.2.3 Interfacing, enabling and interoperating systems (ISO/IEC/IEEE
15288:2015, 5.2.3 Enabling systems)

The concepts of identify interfacing and interoperating systems are covered as well as enabling
system.

ISO/IEC/‘I‘KP&SZSB:ZOZ& 5.2.4 Concepts related to the system solution context (New subclause)

An Sol can‘be used in multiple different solution contexts with different enabling systems. ISO/IEC/
[EEE"15288:2023, Figure 3 “System solution contexts” shows this graphically by revising ISO/IEC/
[EEE15288:2015, Figure 3 “System-of-interest, its operational environment and enabling systems”.

b mmm e Dpoo = oo 1 1 n - s M N
ISU/IEG/IELEE 102006.4U45, o.4.0 FTOAUCT IIE ENZINCECTIIE (FLE J (INEW SUDCIAUSE)

Subclause explains when product line engineering (PLE) is used. The product line is an Sol as a
whole and at other times each variation is an Sol.

ISO/IEC/IEEE 15288:2023, 5.3 Organizational concepts

ISO/IEC/IEEE 15288:2023, 5.3.3 Organization and collaborative activities (New subclause)

Subclause describes the possible employment of collaborative engineering approaches across the
system life cycle to address the increasing complexities of system solutions.

ISO/IEC/IEEE 15288:2023, 5.4 System of systems concepts (New subclause)
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Table A.1 (continued)

Subclause discusses system of systems (SoS) concepts and guidance for application life cycle pro-
cesses when the Sol is a constituent system of an SoS or the SoS is treated as an Sol. There are five
subclauses to this subclause. Previously, this material was in ISO/IEC/IEEE 15288:2015, Annex G
(informative) “Application of system life cycle processes to a system of systems”. The details about
types of SoS have been moved to ISO/IEC/IEEE 21839, ISO/IEC/IEEE 21840 and ISO/IEC/IEEE
21841.

ISO/IEC/IEEE 15288:2023, 5.5 Life cycle concepts (ISO/IEC/IEEE 15288:2015, 5.4)

ISO/IEC/IEEE 15288:2023, 5.6 Process concepts (ISO/IEC/IEEE 15288:2015, 5.5)

ISO/IEC/IEEE 15288:2023, 5.7 Processes in this document (ISO/IEC/IEEE 15288:2015, 5.6)

ISU/IEC/IERE 15Z20606:2U045, 5.7.1 General (Changed irom ISU/IEC/IEREE 15Z266:2015, 5.6.1 Introduc-,

tion) qb‘

It has been modified from ISO/IEC/IEEE 15288:2015, 5.6.1.

[SO/IEC/IEEE 15288:2023, 5.7.2 Agreement processes _ Q/’V

This subclause merges and modifies material from ISO/IEC/IEEE 15288:2015, 5.6.2 and.the ISO/
[EC/IEEE 15288:2015, 6.1. Adds some material about SoS.

[SO/IEC/IEEE 15288:2023, 5.7.3 Organizational project-enabling processes /’(V‘

This subclause merges and modifies material from ISO/IEC/IEEE 15288:20156457%6.3 and ISO/IEC/
IEEE 15288:2015, 6.2. Adds some material about SoS.

[SO/IEC/IEEE 15288:2023, 5.7.4 Technical management processes /‘C)\‘

This subclause merges and modifies material from ISO/IEC/IEEE 15288:2015, 5.6.4 and from ISO/
IEC/IEEE 15288:2015, 6.3. Adds some material about SoS.

[SO/IEC/IEEE 15288:2023, 5.7.5 Technical processes 7

This subclause merges and modifies material from ISO/LEC/PEEE 15288:2015, 5.6.5 and from [SO/
[EC/IEEE 15288:2015, 6.4. Adds some material about SoS.

1SO/1EC/IEEE 15288:2023, 5.8 Process application (180/1EC/IEEE 15288:2015, 5.7)

This clause has been split into three subclauses; {SO/IEC/IEEE 15288:2023, 5.8.1 Overview, ISO/
[EC/IEEE 15288:2023, 5.8.2 Process iteration,recursion, and concurrency, and ISO/IEC/IEEE
15288:2023, 5.8.3 Process views.

[SO/IEC/IEEE 15288:2023, 5.8.1 Overv’i‘Q\ (‘New subclause)

ISO/IEC/IEEE 15288:2023, Figure 5.“Interrelationships between processes” is added to illustrate
the application of life cycle processes with process iteration, concurrency and recursion through
interrelationships among the processes. Also, Model-Based Systems Engineering (MBSE) is men-
tioned with most of the information provided in ISO/IEC/IEEE 15288:2023, Annex D.

[SO/IEC/IEEE 15288:20‘2&5\.@.2 Process iteration, recursion, and concurrency (New subclause)

This subclause has heén rephrased to provide better descriptions of iteration and recursion on
process applicatiof.

ISO/IEC/IEEE&&%B:ZOZ& 5.8.3 Process Views (New subclause)

This subclause’explains the concept of process views (ISO/IEC/IEEE 15288:2015, Annex E).

ISO/IEQ@EE 15288:2023, 5.9 Concept and system definition (New subclause)

Emphasizes that concepts, needs and requirements evolve at various levels. That evolution is ac-
coniplished through the iterative application of the business or mission analysis, stakeholder needs

and reqguirements definition sustem reaguirements definition sustem architecture definition and
he r=J =7

design definition processes with the support of other processes, as needed.

ISO/IEC/IEEE 15288:2023, 5.10 Assurance and quality characteristics (New subclause)

Explains approach of assurance case for quality characteristics assurance through application of
life cycle processes, and encourages collaborative activities with system assurance and quality
characteristics.

ISO/IEC/IEEE 15288:2023, 5.11 Process reference model (ISO/IEC/IEEE 15288:2015, 5.8)

ISO/IEC/IEEE 15288:2023, 6 System life cycle processes

ISO/IEC/IEEE 15288:2023, 6.1 Agreement processes

ISO/IEC/IEEE 15288:2023, 6.1.1 Acquisition process
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Table A.1 (continued)

ISO/IEC/IEEE 15288:2015, 6.1.1.3 c)4) “Negotiate the agreement with the supplier” has been re-
moved. Negotiation of an agreement between acquirer and supplier is still there in supply process
as ISO/IEC/IEEE 15288:2015, 6.1.1.3 c)1) as an approach from supplier.

ISO/IEC/IEEE 15288:2023, 6.1.2 Supply process

ISO/IEC/IEEE 15288:2015, 6.1.2.3 c)4) “Negotiate the agreement with the supplier” has been
removed. ISO/IEC/IEEE 15288:2015, 6.1.2.3 c) “Establish and maintain an agreement”, has been
simplified and subsumed into ISO/IEC/IEEE 15288:2015, 6.1.2.3 c)1) “Negotiate and approve an
agreement with the acquirer that includes acceptance criteria.”

ISO/IEC/IEEE 15288:2023, 6.2 Organizational project-enabling processes

TSO/TEC/TEEE 15288:2023, 6.2.1 LliTe Cycle model management process N

Purpose has minor changes.

[SO/IEC/IEEE 15288:2023, 6.2.1.2 c) “Policies, life cycle processes, life cycle models and procedutes
for use by the organization are selected” has been added.

[SO/IEC/IEEE 15288:2023, 6.2.2 Infrastructure management process . NQ)'

ISO/IEC/IEEE 15288:2023,6.2.2.2 €) “Prioritised infrastructure improvements are implemented”
has been added.

[SO/IEC/IEEE 15288:2023, 6.2.3 Portfolio management process ‘O‘O

Vi

[SO/IEC/IEEE 15288:2023, 6.2.3.2 a) and ISO/IEC/IEEE 15288:2023, 6.2.3.3,a)2) has been slightly
modified to replace the term “business” with “strategic”. ISO/IEC/IEEE15288:2015, 6.2.3.3b)2) has
been divided into ISO/IEC/IEEE 15288:2023, 6.2.3.3 b)2) and b)3).

[SO/IEC/IEEE 15288:2023, 6.2.4 Human resource management/p@\e\ss

Purpose has been slightly modified to replace the term “busjness” with “strategic”.

Outcome ISO/IEC/IEEE 15288:2015, 6.2.4.2 d) “Conflicts intmulti-project resource demands are
resolved” has been modified to ISO/IEC/IEEE 15288:2023, 6.2.4.2 d) “Personnel conflicts are re-
solved”.

[SO/IEC/IEEE 15288:2015, 6.2.4.3 c)5) “Control multi-project management interfaces to resolve
personnel conflicts” has been modified to ISO/IEC/IEEE 15288:2023, 6.2.4.3¢)5) “Resolve personnel
conflicts across or within projects.”

[SO/IEC/IEEE 15288:2023, 6.2.5 Quality r\r@lgement process

[SO/IEC/IEEE 15288:2023, 6.2.5.2 d) has‘been slightly modified.

ISO/IEC/IEEE 15288:2023, 6.2.6 K,r\m\\/l'edge management process

[SO/IEC/IEEE 15288:2023, 6.2.6.2-d) The organizational knowledge, skills and knowledge assets
are communicated across theorganization” has been added.

[SO/IEC/IEEE 15288:2015, 6:2.6.3 b)3) Share knowledge and skills across the organization” has
been replaced with ISO/IEC/IEEE 15288:2023, 6.2.6.3 b)3) Make knowledge and skills accessible to
the organization”.

[SO/IEC/IEEE 15288:2015, 6.2.6.3 c)3) “Share knowledge assets across the organization” has been
replaced with ISO/IEC/IEEE 15288:2023, 6.2.6.3 ¢)3) “Make knowledge assets accessible to the
organization®;

ISO/IEQ(]'SﬁE 15288:2023, 6.3 Technical management processes

1SO/MEC/IEEE 15288:2023, 6.3.1 Project planning process

[SO/IEC/IEEE 15288:2023, 6.3.1.2 c) “Performance and achievement criteria are defined” has been

added to pnini— outmore r*]oav']y praparafinn of criteriato determine porfnrmanrn andachievement

of the project.

ISO/IEC/IEEE 15288:2023, 6.3.1.3 a)4) “Establish appropriate breakdown structures” is modified to
avoid specific type of breakdown structures that is “based on the evolving system architecture”.

ISO/IEC/IEEE 15288:2023, 6.3.1.3 b) 3) “Define project performance criteria” has been added.

ISO/IEC/IEEE 15288:2023, 6.3.2 Project assessment and control process

© ISO/IEC 2024 - All rights reserved
© IEEE 2024 - All rights reserved

52



https://iecnorm.com/api/?name=8398f52e85ebd6a12cba8cc57a07c2ae

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Overview of ISO/IEC/IEEE 15288 
	4.1 General 
	4.2 Structure of ISO/IEC/IEEE 15288 
	4.3 Context of ISO/IEC/IEEE 15288 
	4.4 Comparison of ISO/IEC/IEEE 15288 to prior version 

	5 Application concepts 
	6 Applying ISO/IEC/IEEE 15288 
	6.1 Overview 
	6.2 Application strategy 
	6.2.1 Overview 
	6.2.2 Planning the application 
	6.2.3 Conduct pilot project(s) 
	6.2.4 Formalise the approach 
	6.2.5 Institutionalise the approach 

	6.3 Application of system concepts 
	6.3.1 General 
	6.3.2 Systems 
	6.3.3 System structure 
	6.3.4 Structure in systems and projects 
	6.3.5 Interfacing, enabling and interoperating systems 

	6.4 Application of life cycle concepts 
	6.4.1 Overview 
	6.4.2 Decision gates 
	6.4.3 Application approaches 

	6.5 Application of organizational concepts 
	6.5.1 Overview 
	6.5.2 Methods and tools 
	6.5.3 Considerations and techniques 
	6.5.4 Management commitment 
	6.5.5 Uses of ISO/IEC/IEEE 15288 within an organization 

	6.6 Application of project concepts 
	6.7 Application of process concepts 
	6.7.1 General 
	6.7.2 Application of agreement processes (ISO/IEC/IEEE 15288:2023, 6.1) 
	6.7.3 Application of organizational project-enabling processes (ISO/IEC/IEEE 15288:2023, 6.2) 
	6.7.4 Application of technical management processes (ISO/IEC/IEEE 15288:2023, 6.3) 
	6.7.5 Application of technical processes (ISO/IEC/IEEE 15288:2023, 6.4) 

	6.8 Application of conformance and adaptation concepts 
	6.8.1 Application of conformance concepts 
	6.8.2 Application of adaptation concepts 


	Annex A (informative)  Summary of typical revised points in ISO/IEC/IEEE 15288:2023 from ISO/IEC/IEEE 15288:2015 
	Annex B (informative)  Example for interfacing, enabling and interoperating systems 
	Annex C (informative)  Model-based systems and software engineering (MBSSE) 
	Bibliography 
	IEEE notices and abstract 

