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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
JIECJTC 1.

The procedures used to develop this document and those intended for its further mainternlance are
d¢scribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria‘need¢d for the
different types of ISO documents should be noted. This document was drafted in@ccordance|with the
ryles given in the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

IHEE Standards documents are developed within the IEEE Societies and the¢,Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards _Beard. The IEEE develops its
stndards through a consensus development process, approved by the American National Standards
Institute, which brings together volunteers representing varied viewpoints and interests to adhieve the
fipal product. Volunteers are not necessarily members of the Instituté and serve without compgensation.
hile the IEEE administers the process and establishes rules\to promote fairness in the cpnsensus
d¢velopment process, the IEEE does not independently evaluate, test, or verify the accuracy|of any of
the information contained in its standards.

Agtention is drawn to the possibility that some of the elements of this document may be thie subject
off patent rights. ISO and IEC shall not be heldesponsible for identifying any or all sugh patent
rights. Details of any patent rights identified during the development of the document will be in the
troduction and/or on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is‘information given for the convenience of users and|does not
cqnstitute an endorsement.

Fgr an explanation on the voluntary nature of standards, the meaning of ISO specific tgrms and
ejpressions related to conformity assessment, as well as information about ISO's adherenfe to the
World Trade Organization (W) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology, SC 7,
Saftware and systeiis\engineering in cooperation with the Systems and Software Engineering Standards
Committee of the JEEE Computer Society, under the Partner Standards Development Organization
cqoperation agreement between ISO and IEEE.

This first(edition of ISO/IEC/IEEE 24748-1 cancels and replaces ISO/IEC TS 24748-1:2016, which has
bg¢en technically revised to include movement of material from the new edition of ISO/IEC/IEEH 24748-2.

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

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.

© ISO/IEC 2018 - All rights reserved
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Introduction

The purpose of this document is to facilitate the joint usage of the process content of the latest revisions
of both ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207, by providing unified and consolidated guidance

on life cycle management of systems and software. This is to help ensure consistency in system concep

ts

and life cycle concepts, models, stages, processes, process application, key points of view, adaptation

and use in various domains as the two International Standards are used in combination. That will

in

turn help a project team design a life cycle model for managing the progress of their project. Hence,
ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 are the documents that apply the concepts found in this

documert to specific processes.

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

project mgnagement.

This dociment will also aid in identifying and planning use of life cycle processes describe@in ISO/IE
IEEE 15288 and ISO/IEC/IEEE 12207 that will enable the project to be completed sucgessfully, meetii
its objectiives/requirements for each stage and for the overall project.

Besides the above, there is also increasing recognition of the importance of helping to ensure that ¢
life cyclel stages and all aspects within each stage are supported with thoretgh guidance to enab
alignment with any process documents that might subsequently be created that focus on areas besid
systems and software, including hardware, humans, data, processes (é.g/review process), procedur
(e.g. operfator instructions), facilities and naturally occurring entitie$ (e.g. water, organisms, minerals

By addrgssing these needs specifically in this document, the {isers of the process-focused ISO/IE
IEEE 122/07 and ISO/IEC/IEEE 15288 will not only benefit fremhaving one document complementari
addressing the aspect of product or service life cycle: théy will also benefit from a framework th
links life|cycle management aspects to more than just the systems or software aspects of products
services.

ISO/IEC/JEEE 15288 and ISO/IEC/IEEE 12207 als® have published guidelines (ISO/IEC/IEEE 2474
2 and ISP/IEC TR 24748-3), respectively, to support use of the two revised International Standar
individuglly.
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Systems and software engineering — Life cycle
management —

Part 1:
Guidelines for life cycle management

1| Scope

This document provides guidelines for the life cycle management of systems and software,
cqgmplementing the processes described in ISO/IEC/IEEE 15288 and ISQ/IEC/IEEE 12207. This
d¢cument:

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

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

— defines the concept and terminology of a life cycle;

— supports the use of the life cycle processes withitr an organization or a project. Organizations and
projects can use these life cycle concepts whemsacquiring and supplying either products or|services;

— provides guidance on adapting a life cycle‘imodel and the content associated with a life ¢ycle or a
part of a life cycle;

— describes the relationship betweenilife cycles and their use in applying the processes in[ISO/IEC/
IEEE 15288 (systems aspects) and,ISO/IEC/IEEE 12207 (software aspects);

— shows the relationships of lifée cycle concepts to the hardware, human, services, process, procedure,
facility and naturally occukring entity aspects of projects; and

— describes how its céncepts relate to detailed process standards, for example, in the|areas of
measurement, preject management and risk management.
2| Normativereferences

There arenng'normative references in this document.

3| .<FTerms and definitions

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

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

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

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

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

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved 1
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31
acquirer

stakeholder that acquires or procures a product or service from a supplier

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

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

3.2
acquisit

on

process g
[SOURCE

3.3
activity
set of coh

[SOURCE|

3.4
agile dev
software
and incrq
functiona

[SOURCE

3.5
agreeme
mutual a

EXAMPLH
[SOURCE

3.6

architec
<systemj
relations

Note 1 to
and this d|

[SOURCE

3.7
architec

f obtaining a system, product or service

ISO/IEC/IEEE 15288:2015]

esive tasks of a process

1SO/IEC/IEEE 15288:2015]

relopment

development approach based on iterative development, frequent inspection and adaptatio
mental deliveries, in which requirements and solutions eyelve through collaboration in cros
1l teams and through continual stakeholder feedback

ISO/IEC/IEEE 26515:—]

nt
rknowledgement of terms and conditions under which a working relationship is conducted

Contract, memorandum of agreement.

ISO/IEC/IEEE 15288:2015]

fure
> fundamental concepts(or'properties of a system in its environment embodied in its elemen{
hips, and in the principles of its design and evolution

pcument follows\that usage.

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

conventi

entry: ISO/IEC/IEEE/12207 and ISO/IEC/IEEE 15288 use the word “elements” instead of “components”

fure framework

domain of application and/or community of stakeholders

m-

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

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

framewor

[SOURCE

k.
: 1SO/IEC/IEEE 42010:2011]

© ISO/IEC 2018 - All rights reserved
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3.8
architecture view
work product expressing the architecture of a system from the perspective of specific system concerns

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

3.9

architecture viewpoint

work product establishing the conventions for the construction, interpretation and use of architecture
views to frame specific system concerns

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

310

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

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

311

baseline
approved version of a configuration item, regardless of medidyformally designated and fjxed at a
specific time during the configuration item's life cycle

—

SOURCE: IEEE 828:2012]

3012

cgncept of operations
vdrbal and/or graphic statement, in broad outline, of an organization’s assumptions or intent jn regard
tg an operation or series of operations

Note 1 to entry: The concept of operations<frequently is embodied in long-range strategic plans ahd annual
opjerational plans. In the latter case, the concept of operations in the plan covers a series of connected qperations
to| be carried out simultaneously or in(8uccession. The concept is designed to give an overall pictyire of the
orjganization operations. See also operational concept (3.26).

Note 2 to entry: It provides thelbasis for bounding the operating space, system capabilities, interffaces and
operating environment.

—

SOURCE: ANSI/AIAA G-043A-2012¢]

313
cgncern
<gystem> interest in a system relevant to one or more of its stakeholders

Note 1 to'entry: A concern pertains to any influence on a system in its environment, including developmental,
terhnalogical, business, operational, organizational, political, economic, legal, regulatory, ecological aind social
inrluences.

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

3.14

configuration item

item or aggregation of hardware, software, or both, that is designated for configuration management
and treated as a single entity in the configuration management process

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

© ISO/IEC 2018 - All rights reserved
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3.15

customer
organization or person that receives a product or service

EXAMPLE

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

Note 1 to entry: A customer can be internal or external to the organization.

[SOURCE
3.16

:1S09000:2015, modified — added “service”.]

<processp to define the architecture, system elements, interfaces, and other characteristics of asyste

design, :]\Srb
or system element

[SOURCE

3.17
design, 1
result of

Note 1 to ¢
complete

Note 2 to
relationsh

[SOURCE

3.18

design c
design a
or servig

[SOURCE

3.19
enabling

system tﬂ)

directly
EXAMPLE

Note 1 to

ISO/IEC/IEEE 24765:2017]

oun
the process in 3.16

ntry: Information, including specification of system elements and their relationships, that is sufficient
Lo support a compliant implementation of the architecture.

entry: Design provides the detailed implementation-level phyisical structure, behaviour, tempoj
ips and other attributes of system elements.

ISO/IEC/IEEE 24765:2017]

haracteristic

e

1SO/IEC/IEEE 24765:2017]

system

o0 its function during op€ration
When a system-of-interest enters the Production Stage, a production-enabling system is requirg

entry: Each enablifig system has a life cycle of its own. This document is applicable to each enabli

system when, in its own'right, it is treated as a system-of-interest.

[SOURCE

ISO/IEC/HEEE 15288:2015]

3.20

environm

ent

tributes or distinguishing features that pértain to a measurable description of a produjct

at supports a system-of-interest during its life cycle stages but does not necessarily contribufte

m

ly

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

[SOURCE

3.21
facility

: ISO/IEC/IEEE 42010:2011]

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

[SOURCE

: 1SO/IEC/IEEE 15288:2015]

© ISO/IEC 2018 - All rights reserved
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3.22

incident

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

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

3.23
information item
separately identifiable body of information that is produced, stored, and delivered for human use

URCE: ISO/IEC/IEEE 15289:—]

eyolution of a system, product, service, project or other human-made entity from(conception] through

framework of processes and activities concerned with the life cyele that may be organized info stages,
ich also acts as a common reference for communication andwnderstanding

URCE: ISO/IEC/IEEE 15288:2015]

erational concept
vgrbal and graphic statement of an organizatien’s*assumptions or intent in regard to an opdration or
sqries of operations of a system or a related set.of systems

Note 1 to entry: The operational concept issdesigned to give an overall picture of the operations using one or
mpre specific systems, or set of related systems, in the organization’s operational environment from [the users’
arld operators’ perspective. See also conéépt of operations (3.12).

[SOURCE: ANSI/AIAA G-043A-2012¢]
327
0o

erator
iriiividual or organization that performs the operations of a system

Note 1 to entry: The role of operator and the role of user may be vested, simultaneously, or sequentiglly, in the
same individualer organization.

Note 2 to entfy: An individual operator combined with knowledge, skills and procedures may be confidered as
arf elementef the system.

Note 3 1o entry: An operator may perform operations on a system that is operated, or of a system that isjoperated,
dd ppnding on whether or not nppr:\fing instructions are p]:\r‘pd within the system hnnnd:\ry

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

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

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

Note 1 to entry: An identified part of an organization (even as small as a single individual) or an identified group
of organizations can be regarded as an organization if it has responsibilities, authorities and relationships. A body
of persons organized for some specific purpose, such as a club, union, corporation, or society, is an organization.

© ISO/IEC 2018 - All rights reserved
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[SOURCE

3.29
party

:1S0 9000:2015, modified — Note 1 to entry has been added.]

organization entering into an agreement

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

[SOURCE
3.30

: 1SO/IEC/IEEE 15288:2015]

problem
difficulty
that requ

[SOURCE

3.31
process
set of int

[SOURCE|

3.32
process
observab

[SOURCE

3.33
process
high leve
the procsg

Note 1 to
[SOURCE|

3.34
product
result of

Note 1 to|
software
and proce

[SOURCE
3.35

ires investigation and corrective action

ISO/IEC/IEEE 15288:2015]

errelated or interacting activities that transforms inputs into outputs

ISO/IEC/IEEE 15288:2015]

putcome
le result of the successful achievement of the process purpese

ISO/IEC/IEEE 12207:2017]

purpose
| objective of performing the process and_the likely outcomes of effective implementation
Ss

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

ISO/IEC/IEEE 15288:2015]

0 process
entry: There arelfour agreed generic product categories: hardware (e.g. engine mechanical par

ssed materials\are generally tangible products, while software or services are generally intangible.

1SO 9000:2015]

project

uncertainty, or otherwise realized and undesirable event, set of events, condition, or situatipn

[e.g. computer, program), services (e.g. transport), and processed materials (e.g. lubricant). Hardwafre

t),

endeavour with defined start and finish criteria undertaken to create a product or service in accordance
with specified resources and requirements

Note 1 to entry: A project is sometimes viewed as a unique process comprising co-coordinated and controlled
activities and composed of activities from the Project Processes and Technical Processes defined in the
referenced International Standards.

[SOURCE

: 1SO/IEC/IEEE 15288:2015]

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

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

3.37
quality assurance
part of quality management focused on providing confidence that quality requirements will be fulfilled

erent characteristic of an object related to a requirement

URCE: IS0 9000:2015]

quality management
ordinated activities to direct and control an organization with regafdto quality

URCE: ISO 9000:2015]

1
quirement
tement that translates or expresses a need and its associated constraints and conditions

" = w -

URCE: ISO/IEC/IEEE 29148:—]

2
source
set that is utilized or consumed during thé’execution of a process

o o=

te 1 to entry: Includes diverse entities;*such as funding, personnel, facilities, capital equipment,|tools and
ilities, such as power, water, fuel and communication infrastructures.

s =z

Z

te 2 to entry: Resources include those that are reusable, renewable, or consumable.
URCE: ISO/IEC/IEEE 15288:2015]
3

wijthdrawal of active support by the operation and maintenance organization, partial|or total

[SOURCE:SO/IEC/IEEE 15288:2015]
344
risk

effect of uncertainty on objectives

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

Note 2 to entry: Objectives can have different aspects (such as financial, health and safety, and environmental
goals) and can apply at different levels (such as strategic, organization-wide, project, product and process).

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

Note 4 to entry: Risk is often expressed in terms of a combination of the consequences of an event (including
changes in circumstances) and the associated likelihood of occurrence.

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved 7
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Note 5 to entry: Uncertainty is the state, even partial, of deficiency of information related to understanding or
knowledge of an event, its consequence, or likelihood.

[SOURCE: ISO Guide 73:2009, 1.1]

3.45

security

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

[SOURCE} NATO AEP-67]

3.46
service
performgnce of activities, work, or duties

Note 1 to ¢ntry: A service is self-contained, coherent, discrete and can be composed of otherservices.
Note 2 to ¢ntry: A service is generally an intangible product.
[SOURCE} ISO/IEC/IEEE 12207:2017]

3.47
software¢ item
source cqde, object code, control code, control data, or a collection.of’these items

Note 1 to ¢ntry: A software item can be viewed as a system element ofthe referenced International Standard anpd
of ISO/IE(/IEEE 15288:2015.

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

3.48
software product
set of corhputer programs, procedures, and pessibly associated documentation and data

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

3.49
softwar¢ unit
atomic leyel software component of the software architecture that can be subjected to stand-alone testihg

[SOURCE} ISO 26262-1:2018]

3.50
stage
period wjthin thé life cycle of an entity that relates to the state of its description or realization

Note 1 to|entry-/As used in this document, stages relate to major progress and achievement milestones of the
entity thrpugh'its life cycle.

Note 2 to entry: Stages often overlap.
[SOURCE: ISO/IEC/IEEE 15288:2015]

3.51

stakeholder

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

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

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

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

3.52
supplier

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

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

Note 2 to entry: The acquirer and the supplier sometimes are part of the same organization.

URCE: ISO/IEC/IEEE 15288:2015]

cqmbination of interacting elements organized to achieve one or more stated purp@ses
Note 1 to entry: A system is sometimes considered as a product or as the services it prevides.

No¢te 2 to entry: In practice, the interpretation of its meaning is frequently clarified by the use of an a

ssociative

nqun, e.g. aircraft system. Alternatively, the word “system” is substitutéd‘simply by a context-dlependent

syjnonym, e.g. aircraft, though this potentially obscures a system principles\péefspective.

Note 3 to entry: A complete system includes all of the associated équipment, facilities, material,
pifograms, firmware, technical documentation, services and persannel required for operations and §
degree necessary for self-sufficient use in its intended envirghment.

URCE: ISO/IEC/IEEE 15288:2015]

mber of a set of elements that constitutes &system

EXAMPLE Hardware, software, data, hufmans, processes (e.g. processes for providing service

system-of-systems (SoS)
sqt.0f systems that integrate or interoperate to provide a unique capability that none of the co

computer
upport to

to users),
hbination.

specified

Instituent

4 11 iy
SybLUlllb CdIl ACCUHIIPIISIT OIT IS OWII

Note 1 to entry: Each constituent system is a useful system by itself, having its own management, goals, and

resources, but coordinates within the SoS to provide the unique capability of the SoS.
[SOURCE: ISO/IEC/IEEE 15288:2015]

3.57
systems engineering

interdisciplinary approach governing the total technical and managerial effort required to transform
a set of stakeholder needs, expectations, and constraints into a solution and to support that solution

throughout its life

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

required, recommended, or permissible action, intended to contribute to the achievement of one or

more out
[SOURCE
3.59

comes of a process

: 1SO/IEC/IEEE 15288:2015]

technical management
application of technical and administrative resources to plan, organize and control engineering

functiony
[SOURCE]

3.60

trade-of]
decision-
net benef

[SOURCE

3.61
user
individud

Note 1 to
the same

[SOURCE

3.62
validatig

confirmadtion, through the provision of objective vidence, that the requirements for a specific intend¢

use or ap,

Note 1 to
requirem

Note 2 to
is able to

[SOURCE
3.63

verificajion
ion, threugh the provision of objective evidence, that specified requirements have beg

confirm
fulfilled

Note 1 to

ISO/IEC/IEEE 12207:2017]

f
making actions that select from various requirements and alternative solutighs on the basis
it to the stakeholders

ISO/IEC/IEEE 15288:2015]

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

entry: The role of user and the role of operator are sometimes,vested, simultaneously or sequentially,
ndividual or organization.

ISO/IEC 25010:2011]

n

plication have been fulfilled

entry: A system is able to accomplish its intended use, goals and objectives (i.e. meet stakehold|
bnts) in the intended operationalieénvironment. The right system was built.

entry: In a life cycle context;walidation involves the set of activities for gaining confidence that a systg

IS0 9000:2015, moedified — Note 1 to entry and Note 2 to entry have been added.]

entry: Verification is a set of activities that compares a system or system element against the requir

ccomplish its intended use,)goals and objectives in an environment like the operational environment.

in

er

m

bd

character

cstice Thic includac hut ic natr imitad +0 cnocifiod roaniramante daocian docerintion and tho cuct
SHES—HSHeHae S BHI S ot H e+t SpecHeare e e ntS—aesSigh-aesSeHpHonaRa+t1e-Syst

m

itself. The

[SOURCE

4 Life

system was built right.

:1S0 9000:2015 modified — Note 1 to entry has been added.]

cycle-related concepts

4.1 General

This Clause addresses system and life cycle concepts. For completeness, process, organizational and
project concepts are covered in Annexes A, B and C, respectively.

10
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2 System concepts

4.2.1 General

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

faWaY C 'R
4’ Y] JYOSLTIIIS

The systems considered in this document are man-made and utilized to provide services in defined

efjvironments for the benefit of users and other stakeholders. These systems may be.configy
onpe or more of the following: hardware, software, services, humans, data, processes,(e.g. prod
pyoviding services to users), procedures (e.g. operator instructions), facilities anid'daturally ¢
entities (e.g. water, organisms, minerals).

The perception and definition of a particular system, its architecture and.ts system element
ol an observer's interests and responsibilities. One person's system-of-interest can be vie

Sy
el

of
w|
C3
th
is
V3

il

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

stem element in another person's system-of-interest. Conversely, it\canl be viewed as being p
vironment of operation for yet another person's system-of-interest.

red with
esses for
ccurring

s depend
wed as a
art of the

ronment

operation. First, Figure 1 in its entirety comprises a transportation system with air, gr
pter elements, which can be a system-of-interest. Next,-any one element of the transportatig
n be viewed as a system-of-interest, such as the Air/Transport System. The example can be ¢
rough the levels so that, for example, the display{can be an element of the navigation syste
in turn an element of the aircraft system within{the air transport system. However, from a
lid perspective, such as that of display manufacturers, the display will be their system-o

a;ﬁ? they will then determine the elements within their display system. On a deeper level, Figd

strates the following:

the importance of defined boundarties that encapsulate meaningful needs and practical s

und and
n system
ontinued
m, which
n equally
f-interest
ire 1 also

lutions;

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

that an entity at any levellih a system structure can be viewed as a system;
that a system is comprised of a fully integrated, defined set of subordinate systems;

that charactefistic properties at a system's boundary arise from the interactions
subordinate 'systems;

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

that a system can be viewed as an isolated entity (that is, a product), or as an ordered col

between

tem) and

ection of

fliinctions capable nfinfprar‘fing with its Qnrrmmding environment, (i.e a set of services);

— that a system can be viewed as part of a larger system of systems and that a system of sys

©
©

be viewed as a system.
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Ground
Transportation
System

Air Transport System

Ticketing Air traffic
system ontrol system

Fuel
distribution

Whateve

generic and permit a practitioner to correlate or adapt individual instances of life cycles to its syste

concepts

In this do
human u
carrying
can be, s
private a

Humans
their spe
humans
protectid
factors in
personng

NOTE

Global positioning
receiver system

Maritime

Transport \Q/
System
@)

Figure 1 — Typical system view of an aircraft in its'environment of use

I the boundaries chosen to define the system, the-¢dncepts and models in this document a

and principles.

cument, humans are considered both as users and as elements of a system. In the first case, t}
ber is a beneficiary of the operation of the.system. In the second case, the human is an operat
out specified system functions, suchtas those involved in providing a service. An individu
multaneously or sequentially, a uséf and an element of a system, for example, the pilot of
rcraft in the civil aviation system.

contribute to the performance and characteristics of many systems for numerous reasons, e
cial skills, the need for flexibility and for legal reasons. Whether they are users or operator
are highly complex, with behaviour that is frequently difficult to predict, and they neq
n from harm. This.requires that the system life cycle processes address human eleme

ISO/TR48529 is being superseded by ISO/IEC 9241-220 which is under development.

the areas of: human factors engineering, system safety, health hazard assessment, manpow¢
|1 and training."Phese issues are addressed by particular activities and iterations in the life
cycle, andl are described in more detail in ISO 9241-210:2010 and ISO/TR 18529:2000.

e
m

he
br
al

a

4.2.3 §

ystem structure

The system life cycle processes in this document are described in relation to a system that is
composed of a set of interacting physical, logical and/or other system elements, depicted in Figure 2,
each of which can be implemented to fulfil its respective specified requirements. Responsibility for
the implementation of any system element may therefore be delegated to another party through an
agreement.

12
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A system is
composed of a set
of interacting
system elements ... System D
1 L ... to achieve one
dystem dystem dystem or more stated
Element Element Element purposgs (a
boundary)

Figure 2 — System and system element relationship

The relationship between the system and its complete set of system elements can typically belresolved
inf a single step only for the simplest of systems-of-interest. For more“complex systems-of-interest, a
prospective system element may itself need to be considered as asystem (that in turn can be cpmprised
off system elements) before a complete set of system elements‘Can be defined with confiflence, as
indicated by Figure 3. In this manner, the system life cycle_processes are applied recursively to a
system-of-interest to resolve its structure to the point where understandable and manageable system
elements can be implemented or reused, or acquired frenr another party. While Figures 2 and 3 imply
a hierarchical relationship, in reality there are an incfeasing number of systems that, from on¢ or more
agpects, are not hierarchical, such as networks_ and other distributed systems. So, recursipn is not
ng¢cessarily linearly downward in all cases.

System - of -
Interest
|
[ | ]
e
System
System L] System Element
| |
I | [ 1 ]
N 1 1
System System I System System
Element Element AN system Element Element System
{ : 1 [ : 1
L System Systom - System -
System Eloment Elomont System Element System
| |
8 — ; : 1
System System Sy Sy Syst Sy
lomeont Elemont Elomont Eloment Elomaent Elomont Eloment

Figure 3 — System-of-interest structure

4.2.4 Enabling systems

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

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

System B in
Operational
Environment

System C in
< Operational
Environment

System A in
Operational
Environment

Enabling System
Interaction with LS

systems comprising the
operational environment

System
of Interest

Interaction

with enabling systems

Enabling System
z

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

During epch stage in the system life cycle, the relevant enabling systems and the system-of-interest
are considered together. Since they are interdependent, they can also be viewed as a system. When
a suitable enabling system does not already.eXist, the project that is responsible for the system-
of-intere$t can also be directly responsibleor creating and using the enabling system. Creating the
enabling|systems can be viewed as a separate project and subsequently another system-of-interest.
Note thaf a given enabling system could be used more than once (i.e. several times during a given stage,
or in multiple stages, or both) duringta system’s life cycle, and that such use can have discontinuitigs.
The enabling system may also beused concurrently in multiple life cycle stages. Thus, it is necessary
to consider the full life cycle and-Concurrency requirements for the enabling systems. For example) a
specific fixture might be used\for development retirement, for which there could be a significant time
delay. Or|the fixture could(be needed for development, operations and maintenance, and have activitips
requiring the fixture concurrently. As another example, a training aid could be developed as part of the
Concept $tage, then refined and reused in development, operation and maintenance stages.

4.3 Life cycleconcepts

4.3.1 ystem life cycle madel

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

© ISO/IEC 2018 - All rights reserved
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service, or some mix of both, and its utilization, evolution and disposal. Note that the actual progression
of a system through the parts of the model, however done, is the system's life cycle.

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

A system life cycle model is segmented by stages because it facilitates planning, provisioning, operating
and supporting the system-of-interest. This segmentation by stages provides an orderly progression of
a system through established decision-making gates to reduce risk and to enable satisfactory progress.
As stated before, it is the need to make a decision to specific criteria, usually process outcome-based,
before a system can progress to subsequent stages that is the most 1mportant reason for usmg a life
' ' ' iewpoint
488:2015,

rk and its
pttocesses within a larger framework, which may have useful business overtonesiSee, for example, the

S¢veral factors make system life cycle planning, provisioning and operation difficult to| manage.
E¢onomics and market forces, as well as novelty, complexity and operational stability affect the length
off a system’s life cycle. Some systems have life cycles that are decades long (for example) aircraft,
sdtellites, ships) and some are very short (for example, instruments.and consumer electronicsj.

Altypical system, however, progresses through a common series of stages where it is concegtualized,
d¢veloped, produced as a product or service (or a mix. d¢f both), utilized, supported and retired.
The life cycle model is the framework that helps ensure‘that the system is able to meet its|required
functionality throughout its life. Thus, to define systent requirements and develop system [solutions
dyring the Concept and Development Stages, expérts in the activities of other stages (for |example,
pttoduction, utilization, support, retirement) are.needed to perform trade-off analyses and to help make
d¢sign decisions and arrive at a balanced solution. This helps ensure that a system has the rjecessary
aftributes designed in as early as possible. Also, it is essential to have the necessary enabling systems
available to perform required stage functions.

Alrepresentative system life cycle model, shown in Figure 5, illustrates this progression. The ipterfaces
b¢tween stages are the decision-points for determining that the system is ready to progress to
sybsequent stages in its evolution.

Concept | Devélopment | Production | Utilization | Support | Retiremgent

Figure 5 — Representative life cycle model

The stages~in Figure 5, although drawn as discrete, are in practice interdependent and overlapping.
Further-the figure implicitly conveys a uniformity and single linearity of time progression that is not
inherently part of a life cycle model: stages do not necessarily occur one after another in time §equence.
Sq,~ome actuality of the “progression” of a system through its life cycle could be as represented in
Figure 6. When, in this document, reference is made to the next, subsequent, or later stage, this type of
model should be kept in mind to avoid confusion by inferring linear time sequencing. Further, although
each stage is represented in Figure 6, as if it were approximately the same time duration as the other
stages, in actuality, the durations of different stages can be and usually are quite different. For example,
for a given system, the Concept Stage might last only weeks, the development might take months, the
utilization could continue for years and retirement might be accomplished in days.

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


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

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

Development Iteration and recursion possible on all paths

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

A ) 0\
¥

—> Support —

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

A systemnq progresses through its life cycle as the result of actions, performed and nfanaged by people
in organizations, using processes for their performance. The detail in the life cycle model is expressé¢d
in terms|of these processes, their outcomes, relationships and occurrence;Akey aspect of life cydle
managenpent is that each stage requires entry criteria to be met before effart from that stage is allowegd.
Further, gach stage requires exit criteria before effort on that stage meets are criteria for satisfactory
completipn. Since stages can have complex relationships as illustrated in Figure 6, definition of both
entry and exit criteria for a specific stage are needed. For example,ifone stage should be started befofe
a “preceding” stage is completed, the stage being started should liave its own entrance criteria separejfe
from the exit criteria of the “preceding” stage. Thus, the use af stages corresponds to satisfying decision
criteria efore allowing further progress, providing a strong project control feature, whatever the
sequencq of stages within a given system’s life cycle model.

Five common principles associated with a life cycle meodel are the following:
1) asydgtem progresses through specific stages'during its life;
2) enablling systems should be available for‘€each stage in order to achieve the outcomes of the stage

3) at specific life cycle stages, attributes, such as producibility, usability, supportability and
disp@sability should be specified and designed into a system;

4) progression to another stage Tequires satisfaction of exit criteria of the current stage and possibly
entrance criteria for thefollowing stage or stages;

5) exit friteria are usually based on satisfactory outcomes of the stage being completed and may
include demonstrable readiness to execute the processes in the subsequent stage or stages.

4.3.2 Systemlife cycle stages

Life cycl¢sivary according to the nature, purpose, use and prevailing circumstances of the system.
Neverthetess,despite—amapparentty timritltessvartety tmsystenr Hifecycles;, therets—amrunderlyirg,
essential set of characteristic life cycle stages that exists in the complete life cycle of any system. Each
stage has a distinct purpose and contribution to the whole life cycle and should be considered when
planning and executing the system life cycle.

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

© ISO/IEC 2018 - All rights reserved
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Table 1 shows a commonly encountered example of life cycle stages. Also shown are the principal
purposes of each of these stages and the possible decision options used to manage the achievement and
risk associated with progression through the life cycle.

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

Life cycle stages Purpose Decision options

Identify stakeholders' needs

Concept Explore concepts

Propose viable solutions

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

Buil . .
uild system — Continue this stage

Verify and validate system .
y y — Go to or restart'a‘preceding stage

Produce systems ) .
Production — Hold project activity

Inspect and test

- —— Termindte project
Operate system to satisfy users

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

system

Organizations employ stages differently to satisfy contrasting business and risk mitigation strategies.
Using stages concurrently and, in a few casesyeven in different orders, can lead to life cy¢le forms
wiith distinctly different characteristics. Sequential, incremental or evolutionary life cydle forms
arfje frequently used. Alternatively, a suitable hybrid of these can be developed. The seledtion and
d¢velopment of such life cycle forms by-an organization depend on several factors, inclyding the
buisiness context, the nature and complexity of the system, the stability of requirements, the technology
0
a
t
a

portunities, the need for different\system capabilities at different times and the availability pf budget
d resources. In addition, major@ecision gates, often called milestones and reviews to focus op making
e decisions may be incorpordted by an organization on an incremental basis within a stage, as well as
the end of a stage, to further manage risks.

Juist as all the system elements of a system contribute to the system as a whole, so each stage pf the life
cycle needs to be considered during any other stage of the life cycle. As a consequence, the contributing
parties need to cogrdinate and cooperate with each other throughout the life cycle. This synergism of
the life cycle stages and the functional contributors is necessary for successful project actidns. Close
cqmmunicatjon with project team members from the different functions and organizations responsible
for other life cycle stages leads to consistency in the life cycle.

433/, Stages in a system-of-interest and its enabling systems

As with any system, each enabling system also has its own life cycle. Each life cycle is linked and
synchronized to that of the system-of-interest. For example, if an enabling system does not already
exist, its requirement is defined during the Concept Stage of the system-of-interest (or later if lead times
permit), before the enabling system is utilized as shown in Figure 7 to provide its particular service to
the system-of-interest.

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

Each enabling system can itself be considered as a system-of-interest, having in turn its own enabling
systems. Therefore, the concepts in this document can also be applied to enabling systems.
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Figure 7 — System interactiowwith typical enabling systems

5 Life|cycle stages

5.1 Geperal

Life cycl¢ stages are the specific framework within which system life cycle processes are applied fo
life cyclelmodels. The valuetef'stages is that entry into and exit from each stage represents a decisiopn
point. Therefore, progress.is explicitly gated and the criteria for each step of progress, moving to the
next stage is also explicit. These criteria determine when a stage can be exited and when the nejt
appropripte stage can'be commenced. For stages that follow each other in linear fashion, the exit and
entrance|criteria‘are the same. However, more complex stage relationships may necessitate separafe
exit and ¢ntranee criteria.

Each life|cycle process of ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 can be invoked at any point
throughouttheIife cycle, as was noted In Z.2.1. The order and sequence In which processes are imvoked,
and when they are invoked, is driven by the project requirements and context: there is no unique
definitive order or time sequence for their use within a stage or across several stages. Note that, for
a given process, the outcome or outcomes for one stage may not be the same as for other stages. It
is necessary to consider the outcome or outcomes for each process invoked during a given stage to
support the exit criteria for that stage and the entrance criteria for any ensuing stages.

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

This document describes the following six stages as examples:

a)
b)

‘)

Concept Stage;
Development Stage;

Production Stage;

d]
e)
f)

In
dg

5

5

Tl
of
pl
m
tr]

0

tr
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in
cd

Sy
i
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Utilization Stage;
Support Stage;
Retirement Stage.

the following subclauses, for each example stage, an overview descriptign, is given, fol
scriptions of the example stages purpose and outcomes.

2 Concept Stage

2.1 Overview

ne Concept Stage begins with initial recognition of a need ofarequirement for a new system-o
anning period when economic technical, strategic and-market bases are assessed through

hde-off studies. Acquirer/user feedback to the céncept is obtained.

pde-off studies, and experimental or prototype development and demonstration. The nee
more enabling systems for develgpment, production, utilization, support and retireme
stem-of-interest is identified and\candidate solutions are included in the evaluation of alt
order to arrive at a balanced)life cycle solution. Typical outputs are stakeholder requ
ncepts of operation, assessment of feasibility, preliminary system requirements, outline arc

oject schedules. Decisions are made whether to continue with the implementation of a solut
bvelopment Stageorto cancel further work.

the methods, techniques, tools and competent human resources to undertake market/

analysis and forecasting or mission analysis, feasibility analysis, trade-off analysis, technical

hole life'cost estimation, modelling, simulation, and prototyping.

owed by

f-interest

for the modification to an existing system-of-interest.(This is an initial exploration, fact firjding and

hcquirer/

arket survey, business or mission analysis, solution‘space identification and feasibility andlysis and

ne or more alternative concepts to meet the dentified need or requirement are developed through
analysis, feasibility evaluations, estimationS(such as cost, schedule, market intelligence and

ogistics),
1 for one
nt of the
prnatives
rements,
hitecture

and design solutions in the.form of drawings, models, prototypes, etc., and concept plans for{enabling
stems, including whole life cost and human resource requirements estimates and prgliminary

on in the

is presumed ‘that the organization has available enabling systems for the Concept Stage that consist

bconomic
analysis,

5.2-

The Concept Stage is executed to assess new business opportunities or mission assignments and to
develop preliminary system requirements and a feasible architecture and design solution.

5.

2.3 Outcomes

The outcomes of the Concept Stage are listed below.

a)

Plans and exit criteria for the Concept Stage.

b) The identification of new concepts that offer such things as new capabilities, enhanced overall

©
©

performance, or reduced stakeholders' total ownership costs over the system life cycle.
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f)

g)

h)

j)

k)
D)

5.3 Development Stage

5.3.1 OQverview

The Development Stage begins with sufficiently detailed technical refinement of the system
requirenjents, system architecture, and the design solution and transforms these into one or mofe
feasible products that enable one or more segvices during the Utilization Stage. The system-of-intergst
may be g prototype in this stage. The hatdware, software, operator, process and facility interfacgs
are specfified, analysed, designed, fabricated, integrated, tested and evaluated, as applicable and the
requirenjents for production, training.and support facilities, and transitions, are defined. This stage
also involves considering and incorporating into the design the applicable constraints of other stages
(productjon, utilization, support/and retirement) and their enabling systems' requirements and
capabilit]es. Feedback is obtained from stakeholders and those who will produce, operate, use, suppart
and retirg the system-of-interest through such means as a series of technical or other reviews. Outputs

An assessment of feasible system-of-interest concepts, with initial architectural and other
solutions, including enabling systems throughout the life cycle, for closure against both technical
and business or mission stakeholder objectives.

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

Refinement of the outcomes and cost estimates for stages of the system life cycle model.

RlSk idantification accaccyanit o d bl gt oy o ot o d o b oo n + ctagnc of cuctana 13 Fe
e e a0 as5esshehtcaht uuusuuuu Pratts oS AR e SHBSeHH et Stage 5015y Stei

cycld model.

Identification and initial specification of the services needed from enabling systems throiighout
the life of the system.

Congepts for execution of all succeeding stages.

Definition of the enabling system services required in subsequent life cycle stages.
Proj¢ct budget and schedule baselines and life cycle ownership cost estinfates.
Satigfaction of stage exit criteria.

Apprijoval to proceed to the appropriate stage or stages, based on(the specific life cycle model in ufe
by tHe project.

are a system-of-interestona prototype of the final system-of-interest, refined requirements for enabling
systems pr the enabling systems themselves and all documentation and cost estimates of future staggs.

Planning| for thi§ stage includes preparing to establish an infrastructure of development enabling
systems |consiSting of facilities, processes, procedures, methods, techniques, tools and competept
human rpsgurces to undertake analysis, modellmg and simulation, prototypmg, de51gn integratidn,

test, tranl

to support development.

5.3.2 Purpose

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

5.3.3 Outcomes

The outcomes of the Development Stage are listed below.

a)

20

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

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

all such elements.

d) Verification and validation documentation.

f)

Transition planning documentation.

Evidence supporting a decision, with all risks and benefits considered, that the system-o

-interest

g)

h)

j)
k)
D)

5

5

T}
m|

i
th
reg
to

It
Py
it
5

T}
reg

4.1 Overview

#.2 Purpose

meets all specified requirements and is producible, operable, supportable and capable ofxq
and is cost-effective for stakeholders.

Refined and baselined requirements for the enabling systems, along with methods and
establishing and maintaining traceability between requirements and the developed syste

A prototype or final system-of-interest.

Refined outcomes and cost estimates for the Production, Utilization, Support and Retireme
Identification of current risks and determination of their treatment:

Satisfaction of stage exit criteria.

Approval to proceed to the appropriate stage or stages,based on the specific life cycle mo

by the project.

4 Production Stage

e Production Stage begins with the approval to produce the system-of-interest. The system-o
Qy be individually produced, assembled, integrated and tested, as appropriate, or may

oduced. Planning for this stage begins in the preceding stage. Production may continue th
e remainder of the system life-cycle. During this stage, the system may undergo enhance
designs, the enabling systems may need to be reconfigured and production staff re-trained
continue evolving a cost-effective service from the stakeholder view.

is presumed that the organization has available the budget and enabling systems that d
oduction equipment; facilities, tools, processes, procedures and competent human resourc
bms are developed.or acquired in order to be available when needed to enable production.

e Production Stage is executed to produce or manufacture the system-of-interest, test it anc
lated-énabling systems as needed.

tirement

tools for
m.

ht Stages.

Hel in use

f-interest
be mass-
roughout
ments or
in order

onsist of
es. These

produce

5.4.3 Outcomes

The outcomes of the Production Stage are listed below.

a)
b)

c)

d)

©
©

Plans and exit criteria for the Production Stage.

Qualification of the production capability.

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

quantity goals.

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

g) Current risks and mitigating actions identified.

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

i) Satisfaction of stage exit criteria.

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

by tHe project.
5.5 Utilization Stage

5.5.1 (Qverview

The Utilization Stage begins after installation and transition to use of the system. The Utilization Sta
is executed to operate the product at the intended operational sites to deliver'the required servic
with continuing operational and cost-effectiveness. This stage ends when<the”system-of-interest
taken ouf of service.

be
PS
is

Planning|for this stage begins in the preceding stages. This stage includes'those processes related to u

reporting of anomalies, deficiencies, and failures. The response to.identified problems includes taki
no action); maintenance and minor (low cost/temporary) modification; major (permanent) modificati
and systgm-of-interest life extensions, and end-of-life retirement.

of the syftem to provide services, as well as monitoring performance)and identifying, classifying aid

During this stage, the product or services can evolve giving rise to different configurations. Enabli}
systems may likewise evolve. The operator operates.the different configurations and the responsil
product gupplier manages the status and descriptions of the various versions and configurations of t}
product ¢r services in use.

It is presumed that the organization has available the Utilization Stage enabling system which coulld

include elements such as facilities, hardware and software, processes, procedures, trained personn
documerjtation and data. These items ate developed or acquired in order to be available when needjs
to support utilization.

5.5.2 Rurpose

The Utiljzation Stage is( executed to operate the product, to deliver services within intends
environnpents and to help/achieve continuing operational effectiveness.

5.5.3 Qutcomes

The outcpmes of the Utilization Stage are listed below.

e

g
n

ng
le
he

b,
bd

pd

Pl 1 T il H £ 41 Ilgals b Q4
a) anSamraexiteriterra ror trre utiization oldgt.

b) Experienced personnel with the competence to be operators in the system-of-interest and provide

operational services.

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

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

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

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

5.

5.

t

a

D
Tl
o1
sy

It
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m|
re

5

Tl
CQ

5
T]
a)
b)
)

by the project.
6 Support Stage

6.1 Overview

e support system include maintenance and minor modification of the{support system and
jor modification of the support system or services, and end-of-life xetirement of the suppo
d services.

e support organization operates the different versions or‘configurations and the responsibl
ganization manages the status and descriptions of the various versions and configuratio
pport system and services in use.

is presumed that the supporting organization/has available the enabling systems, whic
facilities, equipment, tools, processes, procedures, trained support personnel and mai

ady when needed to support the systemrof/interest.

6.2 Purpose

e support stage is executedxto provide logistics, maintenance, and support services th
ntinuing system-of-interest'operation and a sustainable service.

46.3 Outcomes

e outcomes of the Support Stage are listed below.
Plans and.e¥it criteria for the Support Stage.

Trained personnel who will maintain the system and provide the support services.

t for the
iges. The
[ support

n of the
tself and

ems with
services,
't system

iring this stage, the support system and services can evolve ynder different versions or configurations.

e product
ins of the

h consist
ntenance

anuals. The items making up the support enabling system are developed and acquired in orjder to be

ht enable

Organizational and enabling system interfaces for problem resolution and corrective actigns.

d

e)

f)
g)

h)

i)
©
©

Maintained product and services and the provision of all related SUppOIT Services,
logistics, to the operational sites.

including

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

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

Product and service maintenance and corrected design deficiencies.

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

operational availability goals.
Current risks and mitigating actions identified.

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

5.7 Retirement Stage

5.7.1 Overview

The Retirement Stage provides for the removal of a system-of-interest and related operational and

support

O
enabling
identifica
enabling
modifica
and end-

[tis pres
processe
or conta
acquired

This stag
service |
no furthe
cost-effe

5.7.2 K

The Retilrement Stage is executed to provide for the removal of a system-of-interest and relat¢

operatio

573 (

The outc

a) Plan
b) Disp

impl
c) Any

services, including appropriate disposal of specified system elements. Planning for the

SIS c preced Jges. dge DEg WITCIT d SY =0 CTC IR

f-interest (the retirement enabling system), including appropriate disposal.of “specifi
system elements, and also includes monitoring performance of that enabling, syStem and t}
tion, classification, and reporting of anomalies, deficiencies, and failures of\the retireme
system. Actions to be taken as a result of identified problems include maiftenance and min
fion of the retirement enabling system, major modification of the retirefdent enabling systel
bf-life retirement of the retirement enabling system itself.

hmed that the organization has access to an enabling system, which consists of facilities, too
5, procedures, equipment, trained personnel and, as appropriatés/access to recycling, dispog

in order to be ready when needed to perform retirement{unctions.

be is applicable whenever a system-of-interest reaches its end-of-service life. Such end-c
fe can be the result of replacement by a new system, irreparable wear, catastrophic failur
r use to the user (e.g. through change in mission<r business direction), or when it is no long|
'tive to continue operating and supporting the'system-of-interest.

urpose

al and support services, and to.operate and support the retirement system itself.

jutcomes
bmes of the Retirement Stage are listed below.

b and exit criterid for the Retirement Stage.

bmentation.

bnabling systems or services needed for disposal are available.

nment facilities. The items making up the retirement enabling system are developed anpd

bsal constraints are provided as inputs to requirements, architecture, design, amd

Pn

e
bd
e

al

d) Agre

ement to terminate support services.

e) Residual risks and mitigating actions identified.

f) The system elements or waste products are destroyed, stored, reclaimed or recycled in accordance

with

safety and security requirements.

g) The environment is returned to its original or an agreed state.

h) Reco

i) Satis

24

rds of disposal actions and analysis are available.

faction of stage exit criteria.
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6 Life cycle adaptation

6.1 General

No two projects are the same. Each organization is driven by the nature of its mission or business, its
social responsibilities and its forward strategy. These provide constraints on available opportunities
that the organization and its projects can exploit. To help exploit opportunities, the organization
establishes policies and procedures to guide the performance of projects. Variations in organizational
p011c1es and procedures acqu151t10n methods and strategles pI‘O]eCt size and complex1ty, system

; z v 7 acquired,

d by the
8 can be
. However,
rnational
d, for an
tem. The
1ex A and
hent give

gliidance for adapting the life cycle model itself.

62 Adaptation sequence

2.1 General

NS N

articular need. First, the adaptations reflecting the project environment are addressed, and then
uts on possible changes are solicited from~potentially affected parties. After that, the spgcific life
cycle model is selected.

Identify project Select
m environment and Solicit inputs appropriate
characteristics standards

Select .
develépnient Select stages and Doflun}e_nt tallo:;mg
R processes ecisions an ‘E.

j’Eure 8 gives an illustrative sequence of steps that can be followed to adapt the life cycle model to

—e

strategy rationale

Figure 8 — Adaptation sequence

6.2.2,~“Identify the project environment and characteristics

Organizational characteristics may be determined by considering such issues as organizational policies
and procedures. Identify the relevant policies and procedures of the organizations involved, particularly
of the acquirer and supplier, with which the project needs to comply. Examples include policies and
procedures related to: security, safety, privacy, risk management, use of an independent verification
and validation agent, use of a specific computer programming language and, hardware resourcing.
Pertinent laws and regulations that may impact the project, including those related to environment,
public safety and privacy, should be identified and subsequently monitored for compliance.

6.2.3 Solicit inputs

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

6.2.4 Select the appropriate standards

ISO/IEC/JEEE 15288 and ISO/IEC/IEEE 12207 provide an interoperable suite of processes suitable fpr
the life cycles of both system and software products. Projects may vary in their relative emphasis up¢n
system and software aspects. This variation may inform the choice of standards appropriate to the
project.

— For dystem projects that have only minor software content, the use of the’/processes of ISO/IE(/
IEEE[15288 may be sufficient. In this case, ISO/IEC/IEEE 12207 need notbe applied.

— For Hoftware projects that have only minor system-level content, thé use of the processes of ISP/
IEC/IEEE 12207 may be sufficient. In this case, ISO/IEC/IEEE 15288 need not be applied.

— For projects that have both extensive hardware and software.€ontent in their system of interest,
the yse of both standards may be merited. While the process purposes and outcomes are identidal
in ISD/IEC/IEEE 12207:2017 and ISO/IEC/IEEE 15288:2015, the activities and tasks are adapté¢d
to syit the respective domain needs. One criterion{for selecting the source of the process may
depejnd on the acquisition strategy. For example, if'the system-level prime contractor is performing
all system transition (deployment of systems with embedded software), the prime may not be
concerned with the details of software configuration management performed while the software|is
unddr development by a subcontractor. Such-choices can affect the characteristics of the life cydle
model that will best support execution ofthe processes in the International Standards that are used.

6.2.5 Select development strategy

Determire which development strategy is most relevant and applicable for the system, such as waterfall,
evolutiorjary, incremental, pre-planned product improvement, or spiral. Each such strategy prescribps
certain pfrocesses and activities that may be performed sequentially, repeated, and combined; in thefe
strategiep, the life cycle processes in the relevant International Standards should be mapped to the
selected ptrategy and, in_turn, mapped to the specifics of the life cycle model used for the project. Fpr
evolutionjary, incremental, and pre-planned product improvement models, the outputs of one projelct
activity fped into thenext. In these cases, the documentation should be complete at the end of an activity
or a task|and the'exit criteria of the life cycle model should reflect that fact. (Annex E of this document
provides|guidance on development strategies and build planning.)

Note thatthe determination of r‘]nvp]npmpnf strategy must be pprfnrmpd for the system and for each

system element that is itself developmental and similarly for all enabling systems.

6.2.6 Select stages and processes

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

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

International Standards, such as ISO/IEC/IEEE 15288 or ISO/IEC/IEEE 12207 do not define the
sequencing of processes and activities and they do not prescribe any particular life cycle model.
Mapping the organization's current processes, practices and/or methods to the processes, activities
and—+ta of-the-appleabletnternations afeardisuseftlatthi age—The—appiagtay be used
tg verify the completeness of the approach; that is, to identify where gaps exist between ‘th¢ current
situation and the target situation where processes from the International Standard are 1sed.

62.7 Document the adaptation decisions and rationale

When applying International Standards, such as ISO/IEC/IEEE 12207 or ISO/IEE/IEEE 15288, ajmapping
offthe defined processes and activities onto the selected life cycle model shouldbe documented)together
wijith the determined relationships and the reasons for adopting this approach. The verificatipn of this
wprk is to demonstrate that the outcomes of each stage will be achieyed by the processes seglected to
implement the stage. This documentation should be incorporated intg the project managemenit plan for
implementing the applicable International Standard as it provides.a reference framework for eyaluating
the success or otherwise of the approach taken.

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

6J3 Life cycle model adaptation guidance

6.3.1 General

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

Whatever life cycle model-is used in dealing with problems arising during the execution of [life cycle
pfocesses, it is useful\to maintain a unified problem reporting capability. By its nature, p unified
cdpability may deal"with large numbers of problems. It is therefore useful to categorize the problems
in| various waysf{Annex G describes two classifications: by category and by priority. Otherf may be
apgplicable in particular situations.

Adlditional adaptation considerations can be found in the conformance requirements of the Intefnational
Stfandard.

6 2 Cennn o
ey - JCUPT-a

As an example, if an organization does development only and is not involved in the utilization, support,
or retirement life cycle stages that organization could adapt the scope of the applicable International
Standard accordingly by selecting only the appropriate processes. The policies and procedures called
for in the non-applicable parts of the International Standard would not be included in the organization's
policies and procedures. Additionally, inputs such as those listed below can help shape the policies and
procedures of an organization are the following:

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

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved 27


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

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

sub-part of the life cycle model of the system of interest, or enabling system, or is the complete life
cycle model;

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

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

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

6.3.3 Stageadaptation

Depending on the specific system-of-interest and the environment in which a project is established
to realize it, stages may be combined, eliminated, or added to the generic model. For example, gn
organizafion may buy a concept, establish a project to design and produce a system, then turn the result
over to gnother organization for marketing to consumers, or operation and maintenange. In anothpr
case, thefe could be repeated iterations between concept and development stages orilengthy evolutipn
after fielgling of a system. Each stage in these cases would have different criteria, for,entry and exit, as
well as ppssibly drawing on different processes. Accordingly, each stage in thelifecycle, as well as the
juxtaposition of each stage with those before and after it, requires specific consideration for the projelct
and systdm to be realized.

6.3.4 life cycle model adaptation for domains, disciplines and specialties

6.3.4.1 |Adaptation for domains

The life fycle model that is appropriate at the system lével may need adaptation if the system-¢f-
interest falls largely or entirely within one domain, such'ds software. Further, the life cycle model thiat
best refl¢cts events in one domain (such as software)may not be equally suitable for others (such ps
hardwarg, humans, processes, procedures, facilities and naturally occurring entities), as is illustrat¢d
by the edamples shown in Figure 9. Note that, fersimplicity of illustration, these are drawn as if the
stages arje linearly sequential. However, as discussed in 4.3.1, the relations between stages are usually
more complex.

The life gycle stages shown are illustrative only; this is not an exhaustive list of possible life cydle
models. Jor example, using life cycle medels is just as relevant to services as it is to hardware, software,
or other products. A life cycle modélfor service management could include stages of: Service Strategly;
Service esign; Service Transition; Service Operation and; Continual Service Improvement, as shown
in Figurd 9. The advantage te. a service organization of using a life cycle model approach is that|it
gives them a unifying framework for examining what processes they need to have do their work. If a
service mlanagement organization viewed itself as doing nothing but service operations, not thinking
in terms|of a life cycleimodel, it could, for example, fail to consider continual service improvement pr
not occagionally ré<€xamine its service strategy. That could make the organization less desirable tq a
customeyf compared to a service management organization that uses a life cycle model framework fo
keep its Jompetitive view, as wide as possible.

Note thatforall medels, the length of any one stage or of the entire modeldoes not representany

uniform time scale or coincident start or stop timing.

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

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

b) the life cycle models and their stages should be considered as a whole and care taken that they
work in concert.
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System Concept | Development| Production | Utilization |Support |[Retirement|
Software Concept Development Operation & maintenance | Retirement
Hardware Concept | Design | Fabrication | Operation & maintenance |Retirement
S . Service Service Service Service Contiriual service
ervices strategy design transition operation improvement
Skill needs ‘iae . . . .
A t
Human definition | Acauisition Training | Skillsuse & maturation | Retiremerlt
Facility Rendering Structure & Permitting| Construction Operation g i ement
site design & maint.
Process Ol.ltl."ft Flov.v Writeup Pilot . Use & Retiremept
definition charting use | improvement
Natural entity Acquisition Development Exploitation Retirement
Figure 9 — Illustrative examples of domain life cycle models
63.4.2 Adaptation for disciplines
Ir| genexal, Tife cycle models would not need to be developed or adapted for a specific discipline (such
aq mechanical engineering, electrical engineering, civil engineering, quality, system administration).
Instéad, the processes associated with the life cycle model(s) in which that discipline is used would be
adapted to reflect the overall considerations discussed in 6.1 of this document, possibly with additional

adaptation for the discipline itself. For example, the agreement processes associated with a facility
could be adapted to the specific facility project. In addition, some details might be adapted to reflect
civil engineering concepts, practices, or terminology.

6.3.4.3 Adaptation for specialties

6.3.4.3.1 General

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

6.3.4.3.2—Human

Human ipteraction with products and services associated with a system should be looked at from
the perspective of impacts on operators, users and the general public. Impacts should be ‘analysé¢d
to determine adverse impacts that should be avoided or mitigated through product related design
requirenjents that could mitigate the adverse impacts identified.

6.3.4.3.3] Health

Planned [usage rates and environments, operational concepts and other reqlirements can presept
health risks with respect to potential damage to human life including ,operators and others (both
people annd animals) that come in contact with the product or exist within'its operational environmernt.
Use casep, human-machine interfaces, operating environments, electromagnetic radiation, heat a]ntd
noise emjssions and waste materials should be analysed to determine’/such risks. Outcomes from su¢h
analyses|should include specific health concerns and recommendations as to health-related design
requiren]ents that could prevent the health hazards identified.

NOTE Health issues can persist after the product is retired,

6.3.4.3.4| Safety

Operatiohal concepts and other product requirenients can present safety risks with respect to potential
damage §o human life, property and the envireament. Use cases, human-machine interfaces, operating
environnpents, electromagnetic radiation, heat and noise emissions, waste materials and failure modps
should b¢ analysed to determine such risks."Outcomes from such analyses should include specific safety
concerns|and recommendations as to safety related design requirements that could prevent the safefy
hazards identified.

6.3.4.3.5| Security

Operatiohal concepts, usage environments and other product requirements can present security risks
with respect to the preduct and its users. Risks include 1) access and damage to personnel, propertips
and information, 2))corruption, theft or compromise of sensitive information, 3) denial of approve¢d
access td propernty) and information, 4) unauthorized system access and 5) loss of life or property.
Applicable areas-of security should be analysed to include physical security, communications security,
computey security and electronic emissions security. Outcomes from such analyses should incluge
specific peeurity concerns and recommendations as to security related requirements that coulld
mitigate the security risks identified.

6.3.4.3.6 Interoperability

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

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

6.3.4.3.8 Dependability

The failure potential of any part of the product will determine whether the product will’ be [available
when and as long as it is needed during any operational use and at any given (randem) time¢. Factors
that affect dependability include mean-time-between-failures, mean-time-to-repairand administrative
d¢wn time. Such factors should be analysed to determine their impact over thé\product life. Qutcomes
frpm such analyses should include specific dependability concerns and recomiendations as ffo related
rdquirements that could help make the product more dependable.

6.3.4.3.9 Environmental impacts

The impacts on the environment from short and long-term use of.aproduct, and disposing of hazardous
terials related to its use or retirement, can present risks to)all life forms. Risks include lgss of life,
illness and lowering of the standard of living. Environmental impacts as a result of use or disposal of
whpste products from product use or from disposal of the product or one of its elements that have reached
enpd-of-life, should be analysed. Outcomes from suchlanalyses should include specific envirpnmental
impact concerns and recommendations as to related requirements that could reduce risks related to
poduct use and eventual disposal.

6/4 Adapting evaluation-related activities

P¢rsons who are involved in any activitytof the life cycle of a project or a process may conduct evpluations
eifher on their own or other's products and activities. This document groups these evaluationg into five
cdtegories, which are listed below, The first four evaluation categories are at the project level; the last
one is at the organizational level."These evaluations should be selected and adapted proportional to the
sdope, magnitude, complexity,)and criticality of the project or of the organization. The problem, non-
cqnformance, and improvement reports from these evaluations feed back into one or more ¢f the life
cycle processes shown.in-Figure 9.

a)l Process-internalevaluations are conducted by personnel performing the assigned tasks within the
process dugxing their day-to-day activities.

b) Verifieation and Validation are conducted by the acquirer, the supplier, or an independent| party, to
verify-and validate the products in varying depth depending on the project. These evaluptions do
not duplicate or replace other evaluations, but supplement them.

laiad 3 pa | dis | fad 3 iaiaadtf, L +la 3 3 A | 3 pa | 3
C)—omtreviewsantataits areconratucrea Hrajott roruir oy e reviewmganareviewea partles to
evaluate status and compliance of products and activities on a pre-agreed to schedule. Additional
guidance on joint reviews is given in Annex F.

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

e) Improvement is conducted by an organization for efficient management and self-improvement of

its process. This is conducted regardless of project or contract requirements.
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7 Relationship with detailed process standards

This document gives overall guidance on life cycles and adaptation that can be applied across the
International Standards (the conformance documents) that could be applied to a particular situation.
Further guidance on the application of the processes of each applicable International Standards
would come from other International Standards and documents. These relationships are illustrated in

Figure 10.

ISO/IEC/IEEE 24748-1

(Life cycle management)

ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 1220%\define a generic, top-level framework based upon a s

of proces

are not iptended to, define in detail systéms engineering, software engineering, or the engineeri
of systerps. However, the documents ‘are expected to strengthen the relationships among syste

engineer
do this t
engineer
between

The othe

= Concepts = Models = Stages
= Model use = Adaptation

Guidance
ISO/IEC/IEEE 24748-2;

ISO/IEC TR 24748-3
etc.
= Application in specific context
IS0 9001
ISO/IEC/IEEE 1SO 14001
15288
(Systems) ISO/IEC 15408
ISO/IEC15504
ISO/IEC/IEEE ISO/IEC 26702
12207 ISO/IEC 27000
it IEC 66300
systems) IEC61508
Etc.

Conformance

System Specialty

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

ses that can be combined into varigus suitable life cycle models. These documents do not, a

ng, software engineering @nd other affected engineering disciplines. They are intended
hrough promotion of consistent and uniform terminology among the various domains a
ng disciplines. They are also intended to establish interactions and improved communicati
the various engineering disciplines needed to create systems.

5 00 mhmm X%

r International\Standards address either domains (e.g. aircraft, cloud services) in detail,

treat spe
applicabl

defined by the International Standards are likely to be invoked during the whole life cycle of t
system. The International Standards are, in turn, supported by application guidelines, such as ISO/IE
IEEE 24748<for systems and ISO/IEC TR 24748-3 for software. This document thus provides spanni

cific disciplines or specialties. The International Standards are used as the basis for buildi
sets of-life cycle processes that provide activities to achieve a stated goal. The process

O~~~ »nnioa =

guidance In two Key areas of Interest across domains and disciplines, complemented by the specilic
conformance and guidance documents for each area. A more detailed view of the emphasis given each
area (e.g. process definitions) by each of the International Standards and the related documents is

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

Documents
Area ISO/IEC/IEEE | ISO/IEC/IEEE ISO/IEC/IEEE ISO/IEC/IEEE ISO/IEC TR
15288 12207 24748-1 24748-2 24748-3
Process definitions Systems Software General overview: n/a n/a
engineering engineering what a process
and common is and pointer to
standards
Life cycle concepts Summary Detail n/a n/a
Life cycle stages Summary Detail n/a n/a
Life cycle tailoring Process requirements General guidance | Specific detail for Specific
systems deftail for
engineering software
engjneering
Life cycle n/a General guidance |[(Pomain-specific D¢main-
application/usage guidance specific
gyidance
Liife cycle model n/a General guidance | Domain-specific Domain-
ekamples/ examples specific
iljustrations expmples
Terminology Systems Software Life cycle and point- As needed As|needed
engineering engineering erto standards
System process key Summary n/a n/a Detail in systems n/a
cpncepts context
Spftware process n/a Summacy n/a n/a Detdil in soft-
kpy concepts vare
cpntext
Ofrganization/ Summary Summary in life | Detail in systems | Detdil in soft-
project cycle context context vare
application context
Plrocess application Summary Summary in life | Detail in systems | Detdil in soft-
cycle context context vare
cpntext
Plrocess tailoring Normative requirements Summary in life Example for Example for
cycle context systems software
Process reference Detail General n/a n/a
njodel description and
pointer to
standards
Specialty Summary Summary inlife | Detail in systems Detail in
applications cycle context context software
ebntext
Conformance Included n/a n/a n/a
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Annex A
(informative)

Process concepts

Al Gel:eral
Applicatipn of ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 presupposes an understanding of\proce

concepts
NOTE 1

NOTE 2
descriptig

The focu
a life cyd
projects)
provider]
the procq
assessme

A proces
requiren
and enal
Figure A

Process concepts are introduced in ISO/IEC/IEEE 12207:2017, 5.5, and ISO/IEC/IEEE 15288:2015, 5

ISO/IEC TR 24774 provides guidance on process descriptions, which have been applied to the proce
ns used [SO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207.

le. The processes can be used by organizations (for example functional organizations a
that play the role of acquirer, supplier (for example main contrdetor, subcontractor, or servi

or management to fulfil responsibilities pertaining to the system of interest. Additional
esses in ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 caw/be used as a reference model fi
nts under the ISO/IEC 33000 family of standards.

5 is an integrated set of activities that transform jhputs (for example a set of data such
ents) into desired outputs (for example a set.of{data describing a desired solution). Contra
bling mechanisms are associated with processes. These relationships are illustrated

1 and described in A.1.1 through A.1.4.
CQONTROLS
Eirectives
Constraints
{} QUTPUTS
INPUTS . Processed data
Data - PI'OCESS Products and

hatenal ﬁ cervices

ENABLING MECHANISM S
Fesources (infrastructure and workforce)
Tools

5 of [SO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 is on the proces$es’that are applied withj

n
d
Ce
\Z
br

0S
Is
in

Tor\hnﬁ!hgioc

Figure A.1 — Example process inputs and outputs

An activity is a set of cohesive tasks. A task is a requirement, recommendation, or permissible action,

intended

to contribute to the achievement of one or more outcomes of a process.

A task is expressed in the form of a requirement, self-declaration, recommendation, or permissible
action. For this purpose, ISO/IEC/IEEE 12207:2017, 4.1, NOTE 5 and ISO/IEC/IEEE 15288:2015, 2.1,
NOTE 5 carefully employ certain auxiliary verbs to differentiate between the forms of tasks:

a) “Shall” is used to express a requirement of ISO/IEC/IEEE 15288:2015 or ISO/IEC/IEEE 12207;

34

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


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

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

b) “Should” to express a recommendation;
c) “May” to indicate permission.

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

A.1.1 Inputs
[nputs—camr comrefronroutside amr organizatiom or project, or fronr otirer processes that precede or

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

a)l information, such as requirements, interface or architecture definitions;

b) data, such as measurements and test reports;

c)] material that either ends up in the output or is consumed in producing theloutput;

d] services that are part of a chain of services, such as setting up a coniputer prior to, or cpincident
with establishing an account.

Aj1.2 Outputs

Olitputs can go to other processes or back to the same (precess (recursive processing) ipiside the
olfganization, project (or both), or they can go outside the'project or organization, or both. Examples
off outputs parallels the examples given for inputs in A.1.1. However, the outputs are often| (but not
n¢cessarily) transformed in some way by the process.being examined.

A{1.3 Controls

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

a)l the project agreement;

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

c)| the applicable systemife cycle stage or stages;

d] internal standard practices of the organization, or the part of the organization, that hgs project
responsibility.

A{1.4 Enabling mechanisms

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

a)l_the workforce that performs the tasks related to the process;

b) other resources required by the process such as facilities, equipment and funds;

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

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

The processes defined in ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 can be used by any organization
when acquiring and using, as well as when creating and supplying, software or a system. They can be
applied at any level in software’s or a system's structure and at any stage in the life cycle.
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The life cycle processes are based on principles of ownership (a process is associated with a
responsibility, discussed further in A.6) and modularity. That is, the processes are the following:

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

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

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

or discou

Organiz

rage the use of additional processes that organizations find useful.

tions, when considering a new project, should select a life cycle model, such as shown

Figure 9
Decision

life cycle
of a syst¢
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ISO/IEC/
system 1
Technica
tasks. Ea
summari

NOTE

are differg
and tasks]

A2 Pr

Each sys

points, throughout the life cycle and there is no definitive order or time sequence in their use. T}

detailed
multiple
canvary
that will
statemen

hnd the necessary life cycle processes to satisfy applicable life cycle stage entry or exit criter,
as to which processes to select should be based on cost-benefit or risk reduction. Within
stage, processes are performed as required to achieve stated objectives. The progressig

Fions using the processes selected for a life cycle stage.

[EEE 15288:2015 and ISO/IEC/IEEE 12207:2017 provide a specific examplelof four groups

. Each process has a specific purpose, a set of expected outcomes arnd a’set of activities a
ch group of processes is described in Clause 6 of each referenced Intetnational Standard a
zed below.

. Those differences do not affect the discussion of project groups in this sub clause.

pcess application

em life cycle process in Figure A.2 can be inyoked, as required, at any point, and at multip

purpose and timing of use of these processes throughout the life cycle are influenced |
factors, including social, trading, organizational and technical considerations, each of whi
during the life of a system. An individual system life cycle is thus a complex system of process
normally possess concurrent, jterative, recursive and time dependent characteristics. The
ts are true for both a system-of-interest and any enabling systems.
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System Life Cycle Processes

Agreement
Processes

Acquisition Process
(Clause 6.1.1)

Supply Process
(Clause 6.1.2)

Technical
Management
Processes

Project Planning Process
(Clause 6.3.1)

Project Assessment and
Control Process

Technical
Processes

Business or
Mission Analysis
Process (Clause 6.4.1)

Stakeholder Needs &
Requirements Definition
Process (Clause 6.4.2)

NOTE 1

Organizational
Project-Enabling
Processes

Life Cycle Model
Management Process
(Clause 6.2.1)

Infrastructure
Management Process
(Clause 6.2.2)

Portfolio
Management Process
(Clause 6.2.3)

Human Resource
Management Process
(Clause 6.2.4)

Quality Management
Process
(Clause 6.2.5)

Knowledge Management
Process
(Clause 6.2.6)
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Decision Management
Process
(Clause 6.3.3)
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(Clause 6.4.3)

Risk Management
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(Clause 6.4.4)
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Verification Process
(Clause 6.4.9)

Transition Process
(Clause 6.4.10)

Validation Process
(Clause 6.4.11)

Operation Process
(Clause 6.4.12)

Maintenance Process
(Clause 6.4.13)

Disposal Process
(Clause 6.4.14)

Figure A.2 — System life cycle processes

In Figure A.2, the sub clause numbers refer to the sub clauses in ISO/IEC/IEEE 15288:2011

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

NOTE 2

and ISO/

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

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

Process.

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

The changing nature and complexity of the influences on the system (e.g. operational environment
changes, new opportunities for system element implementation, modified structure and responsibilities
in organizations) requires continual review of the selection and timing of process use. Process use in

the life cycle is thus dynamic, responding to the many external influences on the system.
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The life cycle stages assist the planning, execution and management of life cycle processes in the face
of this complexity in life cycles by providing comprehensible and recognizable high-level purpose and
structure. Precedence, particularly in similar market and product sectors can assist the selection of
stages and the application of life cycle processes to build an appropriate and effective life cycle model
for any system.

A.3 Process groups of ISO/IEC/IEEE 15288:2015 and ISO/IEC/IEEE 12207:2017
The four process groups of ISO/IEC/IEEE 12207:2017 and ISO/IEC/IEEE 15288:2015, as well as the

primary mmmwmo—q gUre A3, The Tole of the Urganizational
Project-ehabling and Technical Management groups of processes is to achieve the project goals withjin
applicablg life cycle stages to satisfy an agreement. Organizational Project-Enabling processes provige
enabling Fesources and infrastructure that are used to create, support, and monitor projects and t6 assefs

project dffectiveness. The Technical Management processes provide requirements so that adequafte
planning] assessment, and control activities are performed to manage processes and lifeccy¢le stages.

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

o/ Agreement Used to arrive at and
I " Processes satisty airqgreement
Deliverable that
satisfies agreement |ﬁ Used to establish requirements .
D
Used to assess | OrganizationQPQOject-
quality and progress | Enablin cesses

SRR 5 SU— Used to create, support and

; moanitor projects
System-of- N
Interest ‘¢ Used to manage”_ Technical Management

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

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

Projects [may neéd)to establish relationships with other projects within the organization, as well as
those in ptherorganizations. Such relationships are established through the agreement processes jof
acquisitipnand supply as shown in Figure A.4. The degree of formality of the agreement is adapted fo
the interTxal or external business relationships between projects.

NOTE An example and discussion of the use of the agreement processes is provided in ISO/IEC/IEEE 24748-
2:—,6.7.1.
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Figure A.4 — Use of agreement processes

Al4 Agreement processes

The agreement processes are applicable for establishing the relationship and requirements|between
anp acquirer and supplier. The agreement processes provide-the basis for initiation of othdr project
pyocesses to enable arriving at an agreement to conceive; develop, produce, utilize, support, dr retire a
system and to acquire or supply related services.

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

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

b) establish and carry out agreements\to"acquire a system or related enabling system servicgs,

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

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

Al5 Organizatiohal project-enabling processes

Organizationalsproject-enabling processes are for that part of the general management that is
rgsponsiblefor establishing and implementing projects related to the products and serviges of an
origanization. Thus, the organization through these distinct processes provides the services that both
cqnsttain and enable the projects, directly or indirectly, to meet their requirements.

TheO1 5a11iLa‘L’iuual Pt cht.t-cualuhug Processes-included-imnternational-Standards;stueh—=asISO/IEC/
IEEE 12207 and ISO/IEC/IEEE 15288 are not necessarily the only processes used by an organization
for governance of its business. For example, organizations also have processes for managing accounts
receivable, accounts payable, payroll processing and marketing. These business-related processes
are not directly within the scope of the mentioned standards and thus are not discussed further in
this document. The Organizational Project-enabling Processes of ISO/IEC/IEEE 15288 and ISO/IEC/
IEEE 12207 are constrained in their scope to the aspects of those processes that are required to bound
and guide the project, even though there are implicit relationships that the organization should address
elsewhere, for example, in the Human Resource Management Process.

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

can be formed.

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

the following:

a) provide the proper environment so that projects within the organization can accomplish their

purpose and objectives;

b) estalLlish an orderly approach to starting, stopping and redirecting projects;

c) defirje organizational policies and procedures are defined that set forth the relevant life-cyd
procgsses of the International Standards cited above and that are applicable to projects within tl
orgahization and its constituent parts;

d) seledtand provide appropriate models, methods and tools are selected and prowided to projects
that they can complete process activities efficiently and effectively;

e) provjde adequate resources for the project to meet budget, schedule and pefformance requiremenits

withfn acceptable risks and train human resources for completing theit résponsibilities;

f) delivier project work products of a suitable quality for delivery to-customers;

g) retain knowledge acquired during the execution of a project is.retained in a form that is accessib
for fyture needs.

A.6 Terhnical management processes

The techhical management processes are used to.manage technical process activities and to assu

satisfaction of an agreement. Technical management processes are performed to establish and updalte

plans, tol assess progress against plans and\system requirements, to measure and control wo

efforts, tp make required decisions, to mafrage risks and configurations and to capture, store, and

disseminfate information. Outcomes from performing the technical management processes help in tl
accomplishment of the technical processes.

The techinical management procésses apply to technology exploration projects that are most oft
part of larger projects. When that is the case, the appropriate technical management process
are perf¢grmed at each level‘ef the system structure. These processes also apply when performii
organizational project-enabling processes or carrying out the activities related to a life cycle stag
including utilization, support and retirement.

When seperal projéets co-exist within one organization, technical management processes should |
defined tp allow.for the management of the resources and performance of the multiple projects.
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A.7 Technical processes

The technical processes are applicable across all life cycle stages. For example, the following Technical
Processes from ISO/IEC/IEEE 12207:2017 and ISO/IEC/IEEE 15288:2015 should be performed to

engineer a system.

a) Business or Mission Analysis Process

b) Stakeholder Needs and Requirements Definition Process
c) System Requirements Definition Process

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

i) Verification Process

j)  Transition Process

k) Validation Process

1)] Operation Process

m) Maintenance Process
n) Disposal Process

NOTE The titles of these processes are identical to those in ISO/IEC/IEEE{Q2207:2017 except for ¢
Syjstem/Software requirements definition process in that document.

These processes should be performed to satisfy the entry or exit/criteria of a system life cyclg
sdt of stages. For example, they may be used during early systent life cycle stages to create
system concept, determine technology needs and establish—future developmental costs, S
and risks. During ensuing life cycle stages the technicalproCesses may be used to define, re
ke use of a new system. During later system life cycle(stages, they may be used on legacy sy
ke technology refreshments or technology insertions, as well as to correct variations from
pérformance during production, utilization, support or retirement. These processes apply
system-of-interest and its enabling systems.

The last three Technical Processes listed¢{Operations Process, Maintenance Process and
Process) can be used during any system life cycle to accomplish the objectives of a life cy
and support the technical processes used for engineering a system. The Operations Proces
Mpintenance Process can be performed, as applicable, to support a particular version of a sys
Disposal Process can be performed to deactivate legacy systems, to dispose of legacy systen
sdfely dispose of by-products.from system use.

There may be additional technical processes used for a specific technical domain within a sys
ag software, hardware, humans, or facilities, which would be discussed in the appropriate Inte
Stlandard for that technical domain.

Al8 Processes under key views

/IECHEEE 12207 and ISO/IEC/IEEE 15288 contain processes that are applicable through
cycle.(However, these processes may be used in different ways by different organizations an|
ith«different views and objectives. This sub clause presents processes and their relationsh
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Figure A.5 depicts illustrative examples of the life cycle processes and their relationships under

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

agement,

technical management, engineering, operating, support and project. Further discussion of views, their

creation and use, is given in Annex D.
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Agreement Processes
employ | JAcquisition Supply CONTRACT VIEW Acquirer,
: - P 1___->P T~ ——— Supplier
rocess Contract TOCESS pp
\employ I employ
Organizafjonal Project-enabling Pfcesses
[Pty —Portfolio Management Process
—Knowledge Management Process
’ Y
| employ employ
. TECHNICAL
Tethmcal Management Procegses MANAGEMENT KX —
employ Project ) Project VIEW YS!
) _€mploy | Agreementand| |@= == == == == =p{ Engineer,
planning < Control
process Process
4 3
employ employ
Technical Processes
= ENGINEERING VIEW
Business or Mission | P BN Developer
Analysis Process User
OPERATING VIEW
. —— e ——p Operator,
= Operation Process = B
User
employ
SUPPORT VIEW R
Maintenance Process o —_———_—— ) Maintainer,
| _ Supplier
Technical Mahagement Processes
— Project planning — Risk management PROJECT VIEW Project
— Project assessment — Configuration management |[¢= = == = = > prgcesses
and control — Information management User
— Decision management — Measurement
— Quality Assurance
Organizationat Project-enabling Processes
— Life cycle model management — Knowledge management
— Portfolio management — Infrastructure management
— Quality management — Human resources management

Figure A.5 — Life cycle processes roles and relationships

Under the contract view, acquirer and supplier parties negotiate and enter into a contract or
other agreement and employ the Acquisition Process and Supply Process respectively. Under the
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management view, the organization establishes, uses and maintains a process framework that services
multiple projects and complements their technical effort. Under the technical management view, the
organization initiates, supports and controls projects. Under the engineering view, the developer or
maintainer conducts its respective engineering tasks to produce or modify products or services. Under
the operating view, the operator provides operation service for the users. Under the support view, the
maintainers and suppliers apply parts and services to sustain and improve the operation of the system.
Under the project view, parties (such as configuration management or information management)
provide supporting services to others in fulfilling specific, unique tasks. Also shown (see the bottom
box) are some ofthe organizational project- enabhng processes prov1ded by the orgamzatlon to support
y 0 establish
d implement an underlylng structure made up of assoc1ated life cycle processes and persgnnel and
tHeir continuous improvement.

The processes and parties (or stakeholders) are only related functionally. Theyhde not dictate a
stiructure for a party.

Anh organization or a party gets its name from the process it performs, forj)example, it is falled an
adquirer when it performs the Acquisition Process.

An organization may perform one process or more than one process{a process may be performed by
orrve organization or more than one organization. Under one contraet'or application of this dogument, a
given party may perform both the Acquisition Process and the Supply Process.

In| the documents themselves, the relationships between.-the processes are only static. The more
impportant dynamic, real-life relationships between the proeesses, between the parties, and|between
the processes and the parties are established when the appropriate document is applied on projects in
a manner specific to that project. Each process (and the party performing it) contributes to tHe project
in| its own unique way. The Acquisition Process (and,the acquirer) contributes by defining th¢ product
o1f service (or both) to be obtained. The Supply Process (and the supplier) contributes byn]rrowdmg
t
S
S

e product or service. The Integration Process (and the integrator) contributes by “looking” to the
stem for correct derivation and definition of software, hardware and other products, as well as
rvices, by supporting proper integration of products and services back into an overall sygtem. The
Operation Process (and the operator) ¢ontributes by operating the products or providing thg services
in[the system's environment for the bénefit of the users, the business, and the mission. The Maintenance
Process (and the maintainer) contributes by maintaining and sustaining the products and| services
for operational fitness and by providing support and advice to the user community. Eacl} process
cqntributes by providing unique, specialized functions to other processes as needed.

Where processes are applied to system elements of a specific nature, the relevant processes|from the
standard that applies:to that kind of element will be invoked, as well as appropriate system pjrocesses.
This holds true for'elements of all types. Thus, there is a complementary duality of process interplay as
the particulars.of-a system are instantiated. As a specific example, the validation process for [software
wiill be invoked*as part of the overall process of validating the system, to ensure that the software is
vglidated @s,part of the system.

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

NOFE—Precess-coneeptsareintrodueed HrISOAECHEEE
The focus of ISO/IEC/IEEE 15288:2015 is on the processes that are applied within a life cycle. The
processes can be used by organizations (for example functional organizations and projects) that play
the role of acquirer, supplier (for example main contractor, subcontractor, or service provider) or
management to fulfil responsibilities pertaining to the system-of-interest. Additionally, the processes
in ISO/IEC/IEEE 15288:2015 can be used as a reference model for assessments under the ISO/IEC 33000
family of standards.
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A.9 Iterative and recursive application of processes

A.9.1 General

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

f
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When th

1ct_The recursive use of processes ie the repeated application of the same pracess or set
5 applied to successive levels of detail in a system's hierarchical structure is a key aspeCt
rcation of ISO/IEC/IEEE 15288 or ISO/IEC/IEEE 12207. The outputs of processes at any. lev
information, artefacts or services are inputs to the same processes used at the level‘'above

utput. In this way, the outputs across all levels of the system can be resolved and-consisten
e.g. system element descriptions that conform to an architecture.

[erative application of processes

e application of the same process or set of processes is repeated on‘the same system, at t}

or set of processes. Typically, this information takes the form of questions with respect
ents, analysed risks or opportunities. Such questions should be resolved before completil
ties of a process prset of processes. When re-application of activities or processes can resol
fions, then it isuseful to do so. Processes should be repeated until an acceptable quality
obtained prier.to applying the next process or set of activities to a system-of-interest. In th
ition adds«alue to the system to which the processes are being used.

ecurSive application of processes

], the application is referred to as iterative. The iterative application of processes is illustrat¢
A.6.
Have the
Apply process X required
to .system-of- conditiohs Yes: end
interest been rifet?
A
No: repeat

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

is not only appropriate but)also expected. New information is created by the application
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b same set of processes or the same set of process activities are applied to successive levels

system elements within the system structure until some condition is satisfied, the application form is
referred to as recursive. Figure A.7 illustrates the recursive application of processes to systems. The
most common applications of recursion are in computer programs, mathematics, and language.
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The following describes how X is applied recursively to a system element, where:
* Sis the system-of-interest, which is also considered as a system element of itself, and
* E and E' vary in system elements

Apply X to S considered as a system element of itself.
where
Apply X to E, where E is a system element defined by {
... Apply some activities of X to E; ...
if (E is not small enough [or low level enough] {

ApplyX-te-E: thatis-smallerferatalewerlevel thank
APPIyHteE nE

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

Psuedocode example for a factorial function:

function factorial is:

input: integer n such thatn >=0

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

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

Figure A.7 — Recursive application of processes

Al10Methods and tools

the system’s hierarchy and applicatien domain. As a result, neither ISO/IEC/IEEE 12207,
aile some issues that the user.of ISO/IEC/IEEE 12207 or ISO/IEC/IEEE 15288:2015 should bea

Four such issues are listed below:

a)l A method or toelishould not dictate the process to be followed, but should support
activities of a-selected process. Methods should be selected to fit the system life cycle stag

b) Selection®eftools should be based on connectivity to other tools that provide inputs or us
of the-tool being considered for use. The engineering data produced should be in an ap
formite’enable the data to be captured, stored and available as long as it is needed. Those

of _organizations, projects and other stakeholders who have the need should be givg
duthority to the data;

In| practice, there are many situations where system size and complexity, project duratior] and the
nimber of contributing organizations requitre process execution to be supported by methods and tools.

The selection of methods and tools depend on many factors including stage in the life cyclg, level in

1SO/IEC/

IHEE 15288, nor this document includes discussions of specific methods and tools. Neverthel¢ss, there

I in mind

when selecting and using methods and tools to accomplish life cycle process activities or related tasks.

he set of
€,

P outputs
bropriate
members
n access

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

included in the consideration;

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

Organizational concepts

B.1 General

An orgarlization is a body of entities organized for some specific purpose and may be as diverse ag a
corporatjon, agency, society, union, or club. An organization may be part of a parent organization (e|g.
a society|being parent to clubs that are a part of it). When an organization enters into an‘@greement)it
is a party. Parties may have the same parent organization, although it is equally possible'that they haye
different|parent organizations (e.g. two clubs from the same society making an agreenient or two clups
from twd different societies making an agreement).

For the pyirpose of ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288, any projectiSdassumed to be conducted
within the context of an organization. This is important because a system,project is dependent up¢on
various ¢utcomes produced by the business processes of the organization, e.g., employees to st3ff
the projqct and facilities to house the project. For this purpose, ISO/IEC/IEEE 15288 and ISO/IEC/
IEEE 12207 provide a set of Organizational Project-Enabling Processes. It is important to note that the
Organizational Project-Enabling Processes are not assumed to be adequate to operate a business, npr
are the Technical Management Processes assumed to be adequate to operate a project. Instead, the
processef, considered as a collection, are intended to state the minimum set of dependencies that the
project places upon the organization.

ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 describe’the set of processes that comprise the life cydle
of any hyman-made system. Therefore, ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 are designed §o
that they| can be tailored for a project of any type, size and complexity, whether focused on tangiljle
products} services, or a mix of both.

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

On the same project, ISO/IEC/1IEEE 12207 and ISO/IEC/IEEE 15288 may be separately applied mofe
than oncg. For example, in.agiven system implementation project, an acquirer may request a supplier
to perform system implementation, with the acquirer and the supplier executing one application of ISQ/
IEC/IEEH 12207 or ISQ/TEC/IEEE 15288. The supplier may then request its sub-contractor to perforjm
all or part of the system development, e.g. develop the software. The supplier (now in an acquisitipn
mode) and its sub-contractor (in supplier mode) execute a separate application of ISO/IEC/IEEE 12207
or ISO/IHC/IEEE~15288. In both situations, it is necessary to adapt ISO/IEC/IEEE 12207 or ISO/IE(/
IEEE 15288te.reflect the arrangements.

NOTE 1 ~Sub clause 4.Z2.3 of this document provides more detall on structure in systems and projects.
NOTE 2  Sub clause 4.2.4 of this document provides more detail on enabling systems.

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

B.2 Process responsibility

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

Together, these agreements contribute to the organization's overall capability to trade. This document
employs a process model based on three primary organizational areas (or levels) of responsibility:
organization, project and technical. Within each organization, a coordinated set of organizational
project-enabling, technical management and technical processes contribute to the effective creation
and use of systems, and therefore to achieving the organization's goals.

Each process is cor151dered to be the respon51b111ty of a party An orgamzatlon may perform one or
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Figure B.1 — Agreements on responsibilities for organizational project-enabling, technical
management and technical processes among cooperating organizations
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Annex C
(informative)

Project concepts

C.1 Structure in systems and projects

The scopE of responsibility that an organization assigns to its projects is related to a number ofjfactoys:

wn

a) complexity of the system or software engineering effort;
b) typidal span of control and staffing levels compared to the norm for the organization;
c) expefcted duration of the effort;

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

In sort, the complexity of the system design is one factor among many<determining the number and
types of|projects associated with the system engineering effort.cAccordingly, each system in the
structurg illustrated in Figure 2 (or Figure 3) of 4.2.3 of this doctumeént could be the responsibility [of
a separafe project. This can be true whether the system is hiérarchical, as used for the illustratign,
or other [system structure, such as a network, or a mix of structures. The point is that there can be
(and typlcally is) a strong correlation between levels of detail in the system structure and levels [of
responsibility in a set of projects. Each project charactéristically has responsibility for acquiring and
using syqtem elements subordinate to it and creating and supplying to the level superior to it, as woulld
be the cape for hierarchical, non-hierarchical, or mixed; system structures.

Any partjcular project normally views its systemyas the system-of-interest and whilst it can influenfe
higher system levels, it does not have responsibility for them. However, even though it may not haye
responsibility for each system element considered by itself, it does have responsibility for all system
elements|that constitute its system-of-interest and consequently for the output of projects at all levgls
subordinpte to it, as shown in Figure C.1.
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Figure C.1 — System and project hierarchies
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practice, the risks associated with implementing systems that fulfil specified requirements

ger of direct attention or concern to the particular project. At this level (not necessarily
vel down different paths of system-of-interést-decomposition), a system element can be acqu
ceptable risk and the detail of its compgoS§ition can remain hidden below some level. For ey
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e system-of-interest for the project wete a radar, in normal practice, the formulation and cure of the

irry mix for the resistive part of a composition resistor on a printed circuit board in a subas
system element of the system-of-interest would not be addressed directly. Rather, the requ
the system-of-interest and passibly the system element level would drive choices that wou
irticular selection of this material in order to meet all the requirements for the higher-level
om the system-of-interestwiew, the system elements may appear to be where specialist disc
irticular implementation-technology practices are present.

2 Projectrelationships

relationshipican exist between a project and other projects, and subprojects. A subprojec
re and inyFigure C.2 is a set of resources and tasks organized to undertake a portion of
subproject may be considered a project by those assigned the work. Figure C.2 illustrate
lationships between projects, which may be within a single organizational entity, or across ¢
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LEVEL
Entity Entity I Entity II
Internal Organization Organization Organization
Organization A B C
Agreement? rAgreement
Project . q
rojec Project Project
Agreement Agreement
v v
Subproject Subproject Subproject Subproject Subproject

Figure C.2 — Relationships between projects

Project relationships are established, maintained and changed through formal or informal agreemenits
in accordance with organizational policies and procedures, as appropriate. Depending on the type
of projedt relationship involved, agreements may exist within a single organization, or may sp4n
organizafional boundaries. Relationships, and therefore the establishing agreements, may be betwe¢n
a projectjand a specific organizational element or elements, among niultiple projects, or among a project
and its syibprojects. Agreements provide a mutual understanding of the problem to be solved, work fo
be done, pstablished constraints, deliverables and clearly defined responsibilities and accountability.

Another [kind of relationship, and agreement, not shewn in Figure C.2, would be applicable wh¢n
two or njore organizations cooperate on a single pteject. In this case, it is important to define ea¢h
organization’s authorities, responsibilities and riglits, including the sharing of proprietary informatign
applicable to the project in then agreement.

Regardlegs of the kind of relationship, writh its corresponding agreement, there is some bagic
informatjon needed to do the work required in ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288. Eath
agreement, whether formal or informal; should carefully consider, and address as appropriate, the
activitieq and tasks of the Agreement,Processes. Additional guidelines to consider include:

g

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

b) products, services dnd data, created within the project may need to be formalized as deliverables
eithgr to another\part of the organization or to external entities. In such cases, the means jof
deliviering and‘accepting these deliverables should be made explicit;

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

orgahization, to support the reviews formalized in the agreement. Such reviews need to be driven
by specitic criteria for their initiation rnmp]nfinn and documentation

NOTE A model is provided in ISO/IEC/IEEE 24748-2:—, 5.7.1 for the application of ISO/IEC/IEEE 15288:2015
processes to reach an agreement.

C.3 Enabling system relationships

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

It is within the project’s span of interest that not only the system-of-interest should appropriately be
made available but also all enabling systems that are needed for the project. Potentially, some or all of
these enabling systems could be needed for subsequent projects and stages and possibly throughout
the system life cycle. Thus, the project should determine needed enabling systems and take appropriate
actions to ensure their availability for use.

Agreements should be established between the project and the internal or external organization or

(0]
ng

TanizZations, as_appiicable, T0 ensure that specified enabling 3ysStem services are provided when
eded. A project span of interest is illustrated in Figure C.3.
v
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/
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4 Hierarchy of projects

Figure C.3 — Project span of interest

e system that thefproject is responsible for is considered a system-of-interest. Each subor
b-project is considered as a project itself. A resultant hierarchy of projects can then be fory
1sic relationship-of Figure C.3, which illustrates the project span of interest, can be combined
hierarchical'view of a system structure as is portrayed in more detail in Figure C.4.
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4 shows only the lower level of projects ofione system. Each system, however, should |
sed into lower level projects until each consists of only a system element and its enablij
Two such projects in Figure C.4 end with’a system element. Each project should be carric
applicable system life cycle processes to the extent required by requirements and to satis

applicablE

As explai
to the pr
other org
when neg

life cycle stage entry or exit criteria.

ed in Figure C.3, the enabling systems of Figure C.4 may be under project control or, if extern|
pject, under the control of other organizations. However, the project should work with the
ranizations through agreements to ensure that the required enabling systems are availal
ded to support the system-of-interest during its life cycle.
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Annex D
(informative)

Process views

1 General

There are instances where those representing a particular engineering interest would lil
gdthered in a single place the set of process activities that directly and succinctly addiess their
Fgr such interests, a process view can be developed to organize processes, activitiés;and tasks
frpm ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288 to provide a focus to theit particular c
anner that cuts across all or parts of the life cycle. This Annex provides)a*‘process viewq
y be used to define process views in these instances and gives examplés from the viewpoi

specialty engineering;
interface management;

security.

2 The process view concept

There may be cases where a unified focus is nieeded for activities and tasks that are selec
dilsparate processes to provide visibility to asignificant concept or thread that cuts across the j
ethployed across the life cycle. It is useful to-advise users of the standards on how to identify a
these activities for their use, even though they cannot locate a single process that addres
specific concern.

Fgr this purpose, the concept of(@ process view has been formulated. Like a process, the dg
offa process view includes a statement of purpose and outcomes. Unlike a process, the descri
process view does not include activities and tasks. Instead, the description includes guidance e
how the outcomes can be-achieved by employing the activities and tasks of the various pro
/IEC/IEEE 12207 _and ISO/IEC/IEEE 15288. Process views can be constructed using thg
viewpoint templat€ found in D.3.

3 Process viewpoint

Alprocess'view conforms to a process viewpoint. The process viewpoint provided here can b
cileate'process views.

ke to see
concern.
selected
ncern in
oint that
hts of the

ted from
rocesses
nd define
ses their

scription
btion of a
kplaining
cesses in
P process

e used to

The Process viewpoint is defined by:

a) its stakeholders: users of the standard;

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

a) process view name;

b) process view purpose;

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

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

D.4 Process view for specialty engineering

This sub clause provides an example of applying the process viewpoint to yield a process view for
specialty-eng ing to-ilustra an-assemble-processesactivitiesand-ta 8
IEC/IEEH 12207 and ISO/IEC/IEEE 15288 to provide focused attention to the achievement of prod
charactefistics that have been selected as being of special interest.

This examnple treats the cluster of interests, generally called specialty engineering, which includes butfis
not limit¢d to such areas as availability, maintainability, reliability, safety, human factors, and usability.
Within I$0/IEC/IEEE 12207 and ISO/IEC/IEEE 15288, these “ilities” requirements are referred to ps
“critical Quality characteristics”. These characteristics determine how well thefproduct meets ifts
specifiedrequirements in a specific area selected for focus.

NOTE 1 | This is a generalized instance of a process view that covers a broad.Set of functional and non-
functiona] characteristics related to specialty engineering. It provides a broad(view across the processes. I
specific ctfitical quality characteristic has a high priority relative to other characteristics, a specific process vigw
could be dreated for that characteristic, including more detailed informationand requirements.

o)

Name: Splecialty Engineering Process View

Purpose: [The purpose of the Specialty Engineering Process #iew is to provide objective evidence thiat
the systdm achieves satisfactory levels of certain critical\quality characteristics selected for special
attention.

Outcomeg:
a) Product critical quality characteristics areselected for special attention.
b) Reqyirements for the achievement of the critical quality characteristics are defined.

c) Meagures for the requirements ‘are selected and related to the desired critical quality
charjcteristics.

d) Appioaches for achieving the desired critical quality characteristics are defined and implementef.
e) The ¢xtent of achievement of the requirements is continually monitored.

f) The ¢xtent of achievement of the critical quality characteristics are specified and developed.
NOTE 2 | The outcomes permit the possibility that the desired critical quality characteristics cannot be direcfly

measured but infiStead might be argued and inferred based on other product or process characteristics that cin
be measufed:

Processes, Activities and Tasks:

This process view can be implemented using the following processes, activities, and tasks from 1SO/
IEC/IEEE 12207:2017 and ISO/IEC/IEEE 15288:2015:

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

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

a) The Agreement Processes (6.1) provide for the establishment of expectations and responsibilities
related to each specialty engineering area, including legal agreements and licensing requirements.
Generally, this is done in the context of establishing and maintaining agreement processes for

© ISO/IEC 2018 - All rights reserved
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all aspects of the system. In this case, or even when separate Agreement Process application is
required for a specialty engineering area, all parts of both the Acquisition Process (6.1.1) and
Supply Process (6.1.2) may be applicable.

The Organizational Project-Enabling Processes (6.2) help ensure the organization’s capability to
acquire and supply products or services through the initiation, support and control of projects.
These processes provide resources and infrastructure necessary to support projects and help
ensure the satisfaction of organizational objectives and established agreements. Generally, this is
done in the context of applicability of the processes from all viewpoints to one or more systems
across multiple projects. However, specialty engineering stakeholders should review all parts of

f)

g)

h)

j)

the six Organizational Project-Enabling Processes to assure that their interests are-adequately
addressed.

The Project Assessment and Control Process (6.3.2) provides for monitoring“the ¢xtent of
achievement of the requirements and critical quality characteristics andccommunicating the
results to stakeholders and managers. Relevant activities and tasks include (b) (6), (b) (1), (b) (9)
and (b) (10).

The Decision Management Process (6.3.3) provides assessments of-alternative requirements,
architecture characteristics and design characteristics against the décision criteria, inclfiding the
critical quality characteristics. Results of these comparisons até ranked via a suitable [selection
model and are then used to decide on an optimal solution. Relevant activities and tasks injclude (b)
all tasks; and (c) (1).

The Risk Management Process (6.3.4), in its entirety,-provides for identifying, evaluafing, and
handling risks of the system, including those relatedto meeting the critical quality charadteristics.

The Configuration Management Process (6,3.5) manages and controls system elempnts and
configurations over the life cycle. Relevant activities and tasks include (a) (1), (d) (1), and (f) (2) for
each discipline to be addressed under specialty engineering.

The Information Management Process” (6.3.6), in its entirety, provides for the spedification,
development and maintenance of information items for documenting and communicating the
extent of achievement. It shouldde noted that information items used for the purpose of critical
quality characteristics are sometimes specialized in nature. Sources for the descriptior] of these
information items include industry associations, regulators, and specific standards.

The Measurement Process (6.3.7), in its entirety, provides for defining an approach that relates
measures to the required critical quality characteristics.

The Quality Assutrance Process (6.3.8) addresses identified anomalies (incident and problgms) that
relate to the@chievement of critical quality characteristics.

The Business or Mission Analysis Process (6.4.1) provides for the definition of the|problem
space(and characterization of the solution space, including the relevant trade-space fa¢tors and
preliminary life cycle concepts. This includes developing an understanding of the contexf and any
key/parameters, such as the critical quality characteristics (e.g., safety hazards, human interfaces,
operational characteristics, and system assurance context). Relevant activities and taslzlls include

k)

D)

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

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

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

q)

9

56

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

The Architecture Definition Process (6.4.4) provides for the identification of stakeholder concerns
from an architecture perspective. These concerns often translate into expectations or constraints
across the life cycle stages that relate to the critical quality characteristics, such as utilization
(e.g., availability, security, effectiveness, usability), support (e.g., reparability, obsolescence
management), evolution of the system and of the environment (e.g., adaptability, scalability,
survivability), production (e.g. manufacturability, testability), retirement (e.g. environmental
impact, transportability), etc. This process further addresses those critical quality characteristic
requfrements that drive the architecture decisions, including the assessment ol the architecrufe
with|respect to the concerns and associated characteristics. Relevant activities and tasks incluge

(@) (3) and (a) (4); (b) (1; () (2), () (3), (¢) (4), and (c) (5); (d) (1); and (e) (2).

The |Design Definition Process (6.4.5) provides for the determination of necessary design
characteristics, which includes the critical quality characteristics, such as segupity of design
critefia for the specialty characteristics and the evaluation of alternative designs with respect fo
thos¢ criteria. Relevant activities and tasks include (a) (2); (b) (1), (b) (2), (b) (3),.b) (4) and (b) (6);
and (c) (2).

e

The Pystem Analysis Process (6.4.6) provides for the level of analysis\needed to understand the
trad¢ space with respect to the critical quality characteristics through-the conduct of mathematidal
analysis, modeling, simulation, experimentation, and other techhiqdes. The analysis results afe
inpuf to trades made through the Decision Management Process in support of other Technidal
Procpsses. Relevant activities and tasks include (a) all tasks; and’(b) all tasks.

The [Implementation Process (6.4.7) provides for recdrding the evidence that critical quality
requjrements have been met. Relevant activities and tasks include (b) (3).

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

The Verification process (6.4.9), provides;for the planning and execution of a strategy to perform
veriffcation, including the critical quality characteristics. The selected verification strategy may
intrdduce design constraints that<€ould affect the achievement of the characteristics. Relevapt
activlities and tasks include (a) (1)-and (3); (b) (1), (b) (2); and (c) (1) and (c) (2).

The [ransition Process (6.410) provides for installing the system in its operational environment.
Because some specialty properties involve a trade-off between design constraints and operational
consfraints, attention-to-installation is often important. Relevant activities and tasks include (ja)
(4); 4nd (b) (4), (b) (6),7and (b) (7).

The Validation/Process (6.4.11) provides evidence that the services provided by the system meet
the stakeholders' needs, including the critical quality characteristics. Relevant activities and tasks
include (2)%¢1) and (a) (3); (b) (1) and (b) (2); (c) (1) and (c) 2).

The Pperation Process (6.4.12) provides for usage of the system. Assuring that critical quality
characteristics are appropriately achieved involves monitoring the operation of the system.
Relevant activities and task include (b) (3) and (b) (4); (c) (1) and (c) (2); and (d) (1) and (d) (2).

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

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

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

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

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

This example treats a specific instance of a process view, called interface management, which
includes but is not limited to interface definition, design, and change management. Within ISO/IEC/
IEEE 15288:2015, the tasks that comprise interface management are fully contained within the existing
pfocesses.

Ngme: Interface Management Process View

Purpose: The purpose of the Interface Management Process View is to facilitate of,the identification,
de¢finition, design and management of interfaces of the system.

Outcomes:

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

c)] Requirements for the interfaces are defined.

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

e)] Approaches for achieving the desired interfacecharacteristics are defined and implemented.
f)] The extent of realization of the interface requirements is continually monitored.

g)] The extent of achievement of the interface requirements are specified and developed.
Processes, Activities and Tasks:

This process view can be implemented using the following processes, activities, and tasks from SO/
IHC/IEEE 15288:2015:

NQTE INCOSE Systemg~Enhgineering Handbook contains descriptions and elaboration about| interface
mpnagement.

a)l The AgreementProcesses (6.1) provide for the establishment of expectations and resposibilities
related to intenface management, including legal agreements and licensing requirements. (renerally,
this is done\in the context of establishing and maintaining agreement processes for all aspects of
the system. In this case, or even when separate Agreement Process application is requiregl, such as
for a.specific interface, all parts of both the Acquisition Process (6.1.1) and Supply Process (6.1.2)
maybe applicable.

b)_The Organizational Project-Enabling Processes (6.2) help ensure the organization’s caphbility to
acquire and supply products or services through the initiation, support and control of projects.
These processes provide resources and infrastructure necessary to support projects and help
ensure the satisfaction of organizational objectives and established agreements. Generally, this is
done in the context of applicability of the processes from all viewpoints to one or more systems
across multiple projects. However, interface management stakeholders should review all parts of
the six Organizational Project-Enabling Processes to assure that their interests are adequately
addressed.

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

(b) (10).
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d)

f)

g)

h)

j)

k)

D)

p)

58

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

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

The Configuration Management Process (6.3.5) manages and controls system elements and
configurations over the life cycle. All activities and tasks in this process are particularly relevant to
interfface Management.

The |Information Management Process (6.3.6), in its entirety, provides for the specificatidn,
development and maintenance of information items for documenting and communicating the
extent of achievement.

The Measurement Process (6.3.7), in its entirety, provides for defining an approach that relat
meagures to the required interface information needs, and then generating /and using tho
meagures to address the identified interface information needs.

UT D
w

The |Quality Assurance Process (6.3.8) addresses identified anomalies {incident and problems)
that relate to the achievement of interface requirements. The Business or Mission Analysis Procefs
(6.4.1) provides for the definition of the problem space and charactépization of the solution spade,
including the description of the environment and context, as well as preliminary operationjal
concepts. It often identifies external systems that must intepface with the system-of-interest.
Releyant activities and tasks include (b) (1) and (b) (2); and-(¢) (1).

The |Business or Mission Analysis Process (6.4.1) provides for the definition of the problem
spacg and characterization of the solution space, ificluding the relevant trade-space factors and
preliminary life cycle concepts. This includes developing an understanding of the context and any
key parameters, such as the critical interfaces within the system-of-interest, as well as those fo
extefnal systems, and similarly for all enabling’ systems. Relevant activities and tasks include (p)

(1) apd (b) (2); () (1); and (d) (1).

The ptakeholder Needs and Requireménts Definition Process (6.4.2) provides for the definition jof
operptional concepts and the interactions of the system with users and the intended environmept
(inclpding other systems). It ofted-identifies external systems that must interface with the systemn-
of-interest. Relevant activitiessand tasks include (c) (1) and (c) (2); and (d) (1) and (d) (3).

The Pystem Requirements Definition Process (6.4.3) provides for the definition of the interfafe
requjrements. Relevantactivities and tasks include (a) (1); (b) all tasks; (c) all tasks; and (d) all tasks.

The Architecture«Definition Process (6.4.4) provides for the identification of interfaces from n
architecture perspective as the architecture models evolve. This process further describes amnd
defirles the interfaces to the extent needed for the architecture description. Relevant activities apnd
tasks include:(a) (2) and (a) (4); (c) (1) through (c) (4); (d) all tasks; and (f) (3) through (f) (6).

The Design Definition Process (6.4.5) provides for the refinement and full definition of the interfac
and the creation of the necessary information items. Relevant activities and tasks include (D) (5)
and (b) (6); and (d) (1) through (d) (3).

D
wn

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

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

r) The Verification Process (6.4.9), provides evidence that the services provided by the system
meet the system requirements, including the interface requirement. The process provides for the
planning and execution of a strategy to perform verification, including the interface requirements.
The selected verification strategy may introduce interface constraints that could affect their
achievement. Relevant activities and tasks include (a) (1) and (a) (3); (b) (1), (2); and (c) (1).

The Irar ON PTOCE 6.4.10) provides for INStatling the syStem i1 operational environment.
This includes identifying constraints, and checking the installation and operationakstdte of the
interfaces. Relevant activities and tasks include (a) (4); and (b) (3), (b) (4), (b) (6), and(b) [7).

t)] The Validation Process (6.4.11) provides evidence that the services provided-by the system meet
the stakeholders' needs, including the interface requirements. The selected -validation|strategy
may introduce interface constraints that could affect their achievement: Relevant activiities and
tasks include (a) (1), (@) (2), and (a) (3); (b) (1) and (b) (2); (c) (1) and (c) (2).

u) The Operation Process (6.4.12) provides for usage of the system. Phére also may be cons{raints to
the interfaces for operations. Assuring that the interface requirements are appropriatelylachieved
involves monitoring the operation of the system. Relevant activities and task include (a) (), (b) (3)
and (b) (4); and (c) (1) and (c) (2).

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

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

DL6 Process view for security

This sub clause provides an-éxample of applying the process viewpoint to yield a process|view for
sqcurity, intended to illustrate how a project can assemble processes, activities and tasks of [ISO/IEC/
IHEE 15288:2015 to provide focused attention to the achievement of system characteristics that have
bg¢en selected as being of special interest.

This example {s focused on protection against intentional subversion or forced failure dyie to the
afjchitecture;design, implementation, operation, support, or disposition of any of the types ofelements
(hardwaré,software, data, facilities, etc.) that may comprise a system, including enabling|systems,
d¢livering'any mix of services and products.

NgmesSecurity Process View

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

Outcomes:
a) Productand service security characteristics are selected for special attention.
b) Requirements for the achievement of the security characteristics are defined.

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