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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 th

at 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 comy
ISO/IEC]TC 1.

described in the ISO/IEC Directives, Part 1. In particular the different approval critéria nee
the different types of document should be noted. This document was drafted inacéordance w
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

The procedures used to develop this document and those intended for its further maintenar:{e are

Attention is drawn to the possibility that some of the elements of this doctument may be the s
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such
rights. Details of any patent rights identified during the development-of'the document will be
Introduction 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 thé convenience of users and do
constitute an endorsement.

For an explanation on the meaning of ISO specific téxrms and expressions related to conf
assessment, as well as information about ISO’s adherence to the WTO principles in the Teq
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this documentis\SO/IEC JTC 1, Information technology, SC 7, Soj
and systems engineering.

This first edition of ISO/IEC/TS 24748-1\cancels and replaces ISO/IEC/TR 24748-1, which haj
technically revised.

ISO/IEC 24748 consists of the following parts, under the general title Systems and software enginee
Life cycle management:

— Part 1: Guidelines for dife’cycle management [ Technical Specification]

— Part 2: Guide to the-application of ISO/IEC 15288 (System life cycle processes)
— Part 3: Guide\to-the application of ISO/1EC 12207 (Software life cycle processes)
— Part 4: Systems engineering planning [ISO/1EC/IEEE]

— Part 5! Software development planning [ISO/IEC/IEEE]

The tollowing parts are under preparation:
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Intr

oduction

The purpose of this Technical Specification is to facilitate the joint usage of the process content of the

latest

revisions of ISO/IEC/IEEE 15288 and ISO/IEC 12207, by providing unified and consolidated

guidance on life cycle management of systems and software. This is to help ensure consistency in system
concepts and life cycle concepts, models, stages, processes, process application, key points of view,
adaptation and use in various domains as the two International Standards are used in combination.
That will in turn help a project team design a life cycle model for managing the progress of their project.

This Technical Specification will also aid in identifying and planning use of life cycle processes described
in ISO/IEC/IEEE 15288 and ISO/IEC 12207 that will enable the project to be completed successfully,

meeti

hg its objectives/requirements for each stage and for the overall project.

Besidgs the above, there is also increasing recognition of the importance of ensuring that glllife cycle
stageq and all aspects within each stage are supported with thorough guidance to enable alignment
with gny process documents that might subsequently be created that focus on areas besides systems

and s
opera

bftware, including hardware, humans, data, processes (e.g. review process),/procedures (e.g.
or instructions), facilities and naturally occurring entities (e.g. water, organisms, minerals).

By addressing these needs specifically in this Technical Specification, the” users of the process-
focusdqd ISO/IEC 12207 and ISO/IEC/IEEE 15288 will not only benefit from having one document

compl
frame
of pro

ISO/IH
ISO/IH
indivi

pmentarily addressing the aspect of product or service life cyeleithey will also benefit from a
work that links life cycle management aspects to more than justithe systems or software aspects
Hucts or services.

C/IEEE 15288 and ISO/IEC 12207 also have published guidelines (ISO/IEC/TR 24748-2 and
C/TR 24748-3), respectively, to support use of¢the two revised International Standards
Hually.

Vi
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Systems and software engineering — Life cycle
management —

Part 1:

Guidelines for life cycle management

1

Scope

This Technical Specification provides guidelines for the life cycle management of systems and sof
complementing the processes described in ISO/IEC/IEEE 15288 and ISO/IEC)12207. This Teq
Specification:

2

addresses systems concepts and life cycle concepts, models, stages; processes, process appli
key points of view, adaptation and use in various domains and byvarious disciplines;

establishes a common framework for describing life cycles, ineluding their individual stages,
management of projects to provide, or acquire either prodlicts or services;

defines the concept and terminology of a life cycle;

supports the use of the life cycle processes within.an organization or a project. Organizatio
projects can use these life cycle concepts when‘dequiring and supplying either products or sel

provides guidance on adapting a life cycleimodel and the content associated with a life cyc
part of a life cycle;

describes the relationship between life cycles and their use in applying the processes in IS(
IEEE 15288 (systems aspects) and.ISO/IEC 12207 (software aspects);

shows the relationships of lifecycle concepts to the hardware, human, services, process, proc
facility and naturally occurring entity aspects of projects; and

describes how its concepts relate to detailed process standards, for example, in the ar
measurement, project management and risk management.

Terms and definitions

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

2.1

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

fware,
hnical

cation,

for the

s and
'vices;

eora

/IEC/

edure,

eas of

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]

2.2

acquisition
process of obtaining a system, product or service

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

© ISO/IEC 2016 - All rights reserved
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2.3

activity
set of cohesive tasks of a process

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

2.4

agile development
software development approach based on iterative development, frequent inspection and adaptation,

and in|
functi

[SOUR

2.5
agree|
mutud

EXAM
[SOUR

2.6

archit
<syst¢
relatid

Note 1
this Te

[SOUR

2.7
archit
conve

cremental deliveries, in which requirements and solutions evolve through collaboration 1n cross-
bnal teams and through continual stakeholder feedback

CE: ISO/IEC/IEEE 26515:2011]

ment
1 acknowledgement of terms and conditions under which a working relationship'is'conducted

PLE Contract, memorandum of agreement.

CE: ISO/IEC/IEEE 15288:2015]

ecture
m> fundamental concepts or properties of a system in its envifonment embodied in its elements,
nships, and in the principles of its design and evolution

to entry: ISO/IEC 12207 and ISO/IEC/IEEE 15288 use the:word “elements” instead of “components” and
chnical Specification follows that usage.

CE: ISO/IEC/IEEE 42010:2011]

ecture framework
ntions, principles and practices for the«description of architectures established within a specific

domain of application and/or community efistakeholders

EXAM
architg

EXAM
framey

[SOUR

2.8
archit
work {

[SOUR

PLE1  Generalized Enterprise Reference Architecture and Methodologies (GERAM) (ISO 15704) is an
cture framework.

PLE 2 Reference Model jof-Open Distributed Processing (RM-ODP) (ISO/IEC 10746) is an architecture
vork.

CE: ISO/IEC/IEEE'42010:2011]

ecture view
product-expressing the architecture of a system from the perspective of specific system concerns

CE<1SO/IEC/IEEE 42010:2011]

29

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]

© ISO/IEC 2016 - All rights reserved
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2.10
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 24765:2010]

211
baseline

approved version of a configuration 1tem, regardless of media, formally designated and fixe
specific time during the configuration item'’s life cycle

[SOURCE: IEEE 828:2012]

2.12

concept of operations
verbal and/or graphic statement, in broad outline, of an organization’s assumptions or intent in 1
to an operation or series of operations

Note 1 to entry: The concept of operations frequently is embodied in long-range strategic plans and
operational plans. In the latter case, the concept of operations in the plan cov€rs a series of connected ope
to be carried out simultaneously or in succession. The concept is designed to give an overall picture
organization operations. See also operational concept (2.25).

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

[SOURCE: ANSI/AIAA G-043A-2012¢]

2.13
concern
<system> interest in a system relevant to one‘or more of its stakeholders

d at a

egard

hnnual
Fations
of the

es and

Note 1 to entry: A concern pertains to any influence on a system in its environment, including developinental,

technological, business, operational, organizational, political, economic, legal, regulatory, ecological and
influences.

[SOURCE: ISO/IEC/IEEE 420102011]

2.14

configuration item

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

[SOURCE: ISQ7IEC/IEEE 24765:2010, modified — added “item or”.]

2.15
customer
organization or person that receives a product or service

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

social

ement

Note 1 to entry: A customer can be internal or external to the organization.
[SOURCE: IS0 9000:2015, modified — added “service”.]

2.16

design

<process> to define the architecture, system elements, interfaces, and other characteristics ofa s
or system element

[SOURCE: ISO/IEC/IEEE 24765:2010, modified — changed “components” to “system elements”.]

© ISO/IEC 2016 - All rights reserved
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2.17

design

result

Note 1

of the process in 2.15

to entry: Information, including specification of system elements and their relationships, that is sufficiently

complete to support a compliant implementation of the architecture.

Note 2 to entry: Design provides the detailed implementation-level physical structure, behavior, temporal
relationships and other attributes of system elements.

[SOUR

2.18
desig

CE: ISO/IEC/IEEE 24765:2010]

n characteristic

desigm attributes or distinguishing features that pertain to a measurable description of @ product

or ser
[SOUR

2.19

enabl
syster]
direct

EXAM

Note 1

vice

CE: ISO/IEC/IEEE 24765:2010]

ing system
h that supports a system-of-interest during its life cycle stages but doesnot necessarily contribute
ly to its function during operation

PLE When a system-of-interest enters the Production Stage, a praduction-enabling system is required.

to entry: Each enabling system has a life cycle of its own. ThisTechnical Specification is applicable to each

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

[SOUR

2.20
envir
<syst¢

[SOUR
2.21

facility

physic
instry

[SOUR
2.22

CE: 1SO/IEC/IEEE 15288:2015]

bnment
m> context determining the setting and citcumstances of all influences upon a system

CE: ISO/IEC/IEEE 42010:2011]

al means or equipmentSfor facilitating the performance of an action, e.g. buildings,
ments, tools

CE: ISO/IEC/IEEE 15288:2015]

incid

nt

anomglous 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]

2.23

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

[SOURCE: ISO/IEC/IEEE 15289:2015]

2.24

life cycle
evolution of a system, product, service, project or other human-made entity from conception through
retirement

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

4
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2.25

life cycle model

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

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

2.26
operational concept

verbal and graphic statement of an organization’s assumptions or intent in regard to an operafion or
series of operations of a system or a related set of systems

Note 1 to entry: The operational concept is designed to give an overall picture of the operatigns'tising|one or
more specific systems, or set of related systems, in the organization’s operational environment from thg users’
and operators’ perspective. See also concept of operations (2.11).

[SOURCE: ANSI/AIAA G-043A-2012¢]

2.27
operator
individual or organization that performs the operations of a system

Note 1 to entry: The role of operator and the role of user may be vestéd;Simultaneously, or sequentially| in the
same individual or organization.

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

Note 3 to entry: An operator may perform operations onca 'system that is operated, or of a system that is opprated,
depending on whether or not operating instructions are placed within the system boundary.

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

2.28
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 pprts or
combination thereof.

Note 1 to entry: An identjfied 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.

[SOURCE: IS0 9000:2015, modified — Note 1 to entry has been added.]

2.29

party
organization entering into an agreement

Note 1 to entry: In this Technical Specification, the agreeing parties are called the acquirer and the suppli¢r.

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

2.30

problem

difficulty, uncertainty, or otherwise realized and undesirable event, set of events, condition, or situation
that requires investigation and corrective action

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

© ISO/IEC 2016 - All rights reserved 5
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2.31

process
set of interrelated or interacting activities that transforms inputs into outputs

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

2.32
proce

ss outcome

observable result of the successful achievement of the process purpose

[SOUR

2.33

proce)
high |
the pr

Note 1
[SOUR

2.34
prody
result

Note 1
softwd
and pr

[SOUR

2.35

proje
endea
with g

Note 1
activit

CE: ISO/IEC 12207:2008]

SS purpose
bvel objective of performing the process and the likely outcomes of effective implementation of
pcess

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

CE: ISO/IEC/IEEE 15288:2015]

ct
of a process

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

CE: IS0 9000:2015]

Ct
vour with defined start and finish criteriaundertaken to create a product or service in accordance
pecified resources and requirements

to entry: A project is sometimes viewed as a unique process comprising co-coordinated and controlled
es and composed of activities fraom the Project Processes and Technical Processes defined in the

referepced International Standards.

[SOUR

2.36
qualif
proce

[SOUR
2.37

CE: ISO/IEC/IEEE 15288:2015]

ication
s of demonstrating whether an entity is capable of fulfilling specified requirements

CE: ISO/IE€12207:2008]

qualit

y assurance

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

[SOURCE: ISO 9000:2015]

2.38

quality characteristic
inherent characteristic of a product, process, or system related to a requirement

Note 1 to entry: Critical quality characteristics commonly include those related to health, safety, security,

assura

nce, reliability, availability and supportability.

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

© ISO/IEC 2016 - All rights reserved
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2.39
quality management
coordinated activities to direct and control an organization with regard to quality

[SOURCE: ISO 9000:2015]

2.41
requirement
statement that translates or expresses a need and its associated constraints and conditions

[SOURCE: ISO/IEC/IEEE 29148:2011]

2.42
resource
asset that is utilized or consumed during the execution of a process

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

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

2.43

retirement

withdrawal of active support by the operation and mdintenance organization, partial oy
replacement by a new system, or installation of an upgraded system

[SOURCE: ISO/IEC/IEEE 15288:2015]
2.44

risk

effect of uncertainty on objectives

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

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

goals) and can apply at differentlevels (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 comb
of these.

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

Is and

total

bwn as

mental

nation

luding

Note 5 to entry: Uncertainty is the state, even partial, of deficiency of information related to understangling or

knowledge of an event, its consequence, or likelihood.

[SOURCE: ISO Guide 73:2009, 1.1]

245

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
have the related issue of their assurance

[SOURCE: NATO AEP-67]

© ISO/IEC 2016 - All rights reserved
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2.46
service
performance of activities, work, or duties

Note 1 to entry: A service is self-contained, coherent, discrete and can be composed of other services.
Note 2 to entry: A service is generally an intangible product.

[SOURCE: ISO/IEC 12207:2008]

2.47
softwpre item
source¢ code, object code, control code, control data, or a collection of these items

Note 1|to entry: A software item can be viewed as a system element of the referenced International Standard and
of ISOAIEC/IEEE 15288:2015.

[SOURCE: ISO/IEC 12207:2008]

2.48
softwpre product
set of fomputer programs, procedures, and possibly associated documentatioh and data

[SOURCE: ISO/IEC 12207:2008]

2.49
softwpre unit
atomig level software component of the software architecture that can be subjected to stand-alone testing

[SOURCE: ISO 26262-1:2011]

2.50
stage
period within the life cycle of an entity that relates to the state of its description or realization

Note 1 to entry: As used in this Technical Specification, stages relate to major progress and achievement
milestpnes of the entity through its life cycle.

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

2.51
stakeholder

indiviflual or organization having a right, share, claim, or interest in a system or in its possession of
charagteristics thatimeet their needs and expectations

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

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

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

2.52

supplier

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

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

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

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

8 © ISO/IEC 2016 - All rights reserved
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2.53
system
combination of interacting elements organized to achieve one or more stated purposes

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

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

Note 3 to entry: A complete system includes all of the associated equipment, facilities, material, cmlnputer
programs, firmware, technical documentation, services and personnel required for operations and\support to
the degree necessary for self-sufficient use in its intended environment.

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

2.54
system element
member of a set of elements that constitutes a system

EXAMPLE Hardware, software, data, humans, processes (e.g. process€s for providing service to jusers),
procedures (e.g. operator instructions), facilities, materials and naturally o¢cufring entities, or any combipation.

Note 1 to entry: A system element is a discrete part of a system thatiean be implemented to fulfill splecified
requirements.

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

2.55
system-of-interest
system whose life cycle is under consideration in'the context of this document

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

2.56

systems engineering
interdisciplinary approach governing the total technical and managerial effort required to transform
a set of stakeholder needs, expe¢tations, and constraints into a solution and to support that sqlution
throughout its life

[SOURCE: ISO/IEC/IEEE 24765:2010]

2.57
task
required, recetritnended, or permissible action, intended to contribute to the achievement of pne or
more outcomes of a process

[SOURGE)ISO/IEC/IEEE 15288:2015]

2,58
technical management

application of technical and administrative resources to plam, organize and control engineering
functions

[SOURCE: ISO/IEC 12207:2008]

2.59

trade-off

decision-making actions that select from various requirements and alternative solutions on the basis of
net benefit to the stakeholders

[SOURCE: ISO/IEC/IEEE 15288:2015]
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2.60
user
individual or group that interacts with a system or benefits from a system during its utilization

Note 1 to entry: The role of user and the role of operator are sometimes vested, simultaneously or sequentially, in
the same individual or organization.

[SOURCE: ISO/IEC 25010:2011]
2.61

validation
confirpmation, through the provision of objective evidence, that the requirements for a specific intefided
use or|application have been fulfilled

Note 1| to entry: A system is able to accomplish its intended use, goals and objectives (i.e. meet\stakeholder
requirgments) in the intended operational environment. The right system was built.

Note 2[to entry: In a life cycle context, validation involves the set of activities for ensuring and.gaining confidence
that a $ystem is able to accomplish its intended use, goals and objectives in an environmentlike the operational
enviropment.

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

2.62
verification

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

Note 1|to entry: Verification is a set of activities that comparesa.system or system element against the required
charadteristics. This includes, but is not limited to, specifiedrequirements, design description and the system
itself. The system was built right.

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

3 Life cycle-related concepts

3.1 Pystem concepts

3.1.1 | General

This subclause is included/to highlight and explain essential concepts on which this Technical
Speciffication is based. Fhese concepts are directly applicable to software, as addressed in ISO/IEC 12207,
systems, as addressedyin ISO/IEC/IEEE 15288, and to hardware, facilities, services, humans, processes
and prrocedures, data-and naturally occurring entities.

3.1.2 | Systems

The systems considered in this Technical Specification are man-made and utilized to provide services
in deff i i :

configured with one or more of the following: hardware, software, services, humans, data, processes
(e.g. processes for providing services to users), procedures (e.g. operator instructions), facilities and
naturally occurring entities (e.g. water, organisms, minerals).

The perception and definition of a particular system, its architecture and its system elements depend
on an observer’s interests and responsibilities. One person’s system-of-interest can be viewed as a
system element in another person’s system-of-interest. Conversely, it can be viewed as being part of the
environment of operation for yet another person’s system-of-interest.

Figure 1 exemplifies the multitude of perceivable systems-of-interest in an aircraft and its environment
of operation. First, Figure 1 in its entirety comprises a transportation system with air, ground and
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water elements, which can be a system-of-interest. Next, any one element of the transportation system
can be viewed as a system-of-interest, such as the Air Transport System. The example can be continued
through the levels so that, for example, the display can be an element of the navigation system, which
is in turn an element of the aircraft system within the air transport system. However, from an equally
valid perspective, such as that of display manufacturers, the display will be their system-of-interest
and they will then determine the elements within their display system. On a deeper level, Figure 1 also
illustrates the following:

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

— the perception of system structure (in this case, the physical structure, hierarchical in thisinstance);
— that an entity at any level in a system structure can be viewed as a system;
— that a system is comprised of a fully integrated, defined set of subordinate systenis;

— that characteristic properties at a system’s boundary arise from the"interactions between
subordinate systems;

— that humans can be viewed as users external to a system (e.g. air créw and navigation systemn) and
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 pteduct), or as an ordered collection of
functions capable of interacting with its surrounding envifonment, (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 systerps can
be viewed as a system.

Ground
Transportation
System

Air Trans@i\?ystem

Ticketing \ Air traffic
system 4 control system

7

Airport ‘ ‘ . Fluel )
‘—‘ distribution
e O %

Global positioning

| Maritime
receliver system

Transport
System

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

Whatever the boundaries chosen to define the system, the concepts and models in this Technical
Specification are generic and permit a practitioner to correlate or adapt individual instances of life
cycles to its system concepts and principles.

In this Technical Specification, humans are considered both as users and as elements of a system. In the
first case, the human user is a beneficiary of the operation of the system. In the second case, the human
is an operator carrying out specified system functions, such as those involved in providing a service. An
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individual can be, simultaneously or sequentially, a user and an element of a system, for example, the
pilot of a private aircraft in the civil aviation system.

Huma

ns contribute to the performance and characteristics of many systems for numerous reasons, e.g.

their special skills, the need for flexibility and for legal reasons. Whether they are users or operators,
humans are highly complex, with behaviour that is frequently difficult to predict, and they need
protection from harm. This requires that the system life cycle processes address human element

factor

sin the areas of: human factors engineering, system safety, health hazard assessment, manpower,

personnel and training. These issues are addressed by particular activities and iterations in the life

cycle,

3.1.3

The sy
is conl
each (
the in

hnd are described in more detail in ISO 9241-210:2010 and ISO/TR 18529:2000.

System structure

stem life cycle processes in this Technical Specification are described in relation to asyStem that
posed of a set of interacting physical, logical and/or other system elements, depictéd in Figure 2,
f which can be implemented to fulfil its respective specified requirements. Reésponsibility for
plementation of any system element may therefore be delegated to anothet“party through an

agreement.

The reg
in a si

prosp
of sys

A system is
composed of a
set of

interacting System
system elements
" I i To achieve one or more

stated purposes
(a boundary)

System System System
Element Element Element

Figure 2 — System and systém element relationship

lationship between the system and its complete set of system elements can typically be resolved
ngle step only for the simplest of systems-of-interest. For more complex systems-of-interest, a
bctive system element may itself need to be considered as a system (that in turn is comprised
tem elements) before a complete set of system elements can be defined with confidence, as

indicated by Figure 3. In this manner, the system life cycle processes are applied recursively to a

syster]
eleme
a hier
aspec
necess

n-of-interest to resolve its stricture to the point where understandable and manageable system
hts can be implemented-or.reused, or acquired from another party. While Figures 2 and 3 imply
hrchical relationship, in reality there are an increasing number of systems that, from one or more
s are not hierarchical, such as networks and other distributed systems. So, recursion is not
arily linearly downward in all cases.

System of -
Interest

r
System Element

12

SystenT Syster | Sy I
Element Element ||| System | Element | Element | System |

System System Syslam
System Element Element Sy51em Element Syslem

Sys1em Systsm Syslem System System Syslem 5)'8'8"1
Element Elemant Element Element Element Element Element

Figure 3 — System-of-interest structure
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3.1.4 Structure in systems and projects

Each system in the structure illustrated in Figure 2 (or Figure 3) could be the responsibility of
a separate project. This can be true whether the system is hierarchical, as used for the illustration,
or other system structure, such as a network, or a mix of structures. The point is that there can be
(and typically is) a strong correlation between levels of detail in the system structure and levels of
responsibility in a set of projects. Each project characteristically has responsibility for acquiring and
using system elements subordinate to it and creating and supplying to the level superior to it, as would
be the case for hierarchical, non-hierarchical, or mixed, system structures.

Any particular project normally views its system as the system-of-interest and whilst it cantinfluence
higher system levels, it does not have responsibility for them. However, even though it may noft have
responsibility for each system element considered by itself, it does have responsibility.for all gystem
elements that constitute its system-of-interest and consequently for the output of projects at alllevels
subordinate to it, as shown in Figure 4.

Hierarchical view Span of concern Proect hierarch

of system structure for system- of-interest ) y
A
.
[ ]

System System-of-interest| "¢ Project
N
Is composed of 1:many [s responsible for:
Suppl
System PPy
System <
\ //\ 7T . 1:many
/ . System Acquisition

L}
.
. 1:many
- Is responsible y
L} .
E System element | <ot (Sugg(r)c]_lggte)
i
L}
n

Figure 4 — System and project hierarchies

In practice; the risks associated with implementing systems that fulfil specified requirements typically
diminish“with descending level of detail in the system-of-interest’s structure and eventually @re no
longer-of direct attention or concern to the particular project. At this level (not necessarily thg same
level down different paths of system-of-interest decomposition), a system element can be acquiref with

acteeptablerisk-and-the-detail-of-itscompositionrcanremainhidden-below—somelevelForexample, if
the system-of-interest for the project were a radar, in normal practice, the formulation and cure of the
slurry mix for the resistive part of a composition resistor on a printed circuit board in a subassembly in
a system element of the system-of-interest would not be addressed directly. Rather, the requirements
at the system-of-interest and possibly the system element level would drive choices that would force a
particular selection of this material in order to meet all the requirements for the higher level elements.
From the system-of-interest view, the system elements may appear to be where specialist disciplines or
particular implementation technology practices are present.
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3.1.5 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 5. Enabling systems can be seen
to conptribute indirectly to the services provided by the system-of-interest. The interrelationships
betwelen the system-of-interest and the enabling systems can be bi-directional or a one-way relationship
at each stage in which the system-of-interest and specific enabling systems interrelate. In addition
to intgracting with enabling systems, the system-of-interest may also interact with other systems in
the ogerating environment, shown as Systems A, B, and C. Requirements for interfaces withbenabling
systems and other systems in the operational environment will need to be included in theTequirements
for the system-of-interest.

System B in
Operational
Environment

System C in
Operational &
Enuimnm}nl““

System A in
Operational
Emvironment

Interaction with
systems comprising the
operational envirenment

Enabling System
P

Syslem
of Interest (24

‘I-m

with enabling systems Enabling System
Z

Enabling System
Y

Figure 5 — System-af-interest, its operational environment and enabling systems

During each stage in thesystem life cycle, the relevant enabling systems and the system-of-interest
are cqnsidered together. Since they are interdependent, they can also be viewed as a system. When
a suitpble enabling~system does not already exist, the project that is responsible for the system-
of-intgrest can-also be directly responsible for creating and using the enabling system. Creating the
enabling systems can be viewed as a separate project and subsequently another system-of-interest.
Note that a'given enabling system could be used more than once (i.e. several times during a given stage,
or in multiple stages, or both) during a system’s life cycle, and that such use can have discontinuities.

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 activities
requiring the fixture concurrently. As another example, a training aid could be developed as part of the

Concept Stage, then refined and reused in development, operation and maintenance stages.
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3.2 Life cycle concepts

3.2.1 System life cycle model

Every system, whatever the kind or size, inherently evolves, from its initial conceptualization through
its eventual retirement, as defined in 2.23. 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-speetficeriteria — ; : re ageis-aHowed—Fh itertagsually
are directly based either on the completion of specific tasks and demonstration of successful guty

conceptual segmentation of the definition of the need for the system, its realization as a prod
service, or some mix of both, and its utilization, evolution and disposal. Note that thelactual 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 2.23, 2.24 and 2.50, respectively.

A system life cycle model is segmented by stages because it facilitates pldnning, provisioning, opgrating
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@nd to ensure satisfactory prqgress.
As stated before, it is the need to make a decision to specific critéria, usually process outcome-pased,
before a system can progress to subsequent stages that is the\most important reason for using a life
cycle model. Note that it may be useful to develop one or mote specific process views from the viewpoint
of stage transition decision making, following the information given in ISO/IEC/IEEE 15288:2015,
Annex E and ISO/IEC 12207:2008, Annex E.

A secondary aspect of using a life cycle model is thatit can help an organization ensure that it thinks of
its work and its processes within a larger framework, which may have useful business overtonss. See,
for example, the discussion of a services life cycle model in 5.7.

Several factors make system life cycle\planning, provisioning and operation difficult to mpnage.
Economics and market forces, as welkas novelty, complexity and operational stability affect the |Jength
of a system’s life cycle. Some systems have life cycles that are decades long (for example, aifcraft,
satellites, ships) and some are veryshort (for example, instruments and consumer electronics).

A typical system, however, progresses through a common series of stages where it is conceptuslized,
developed, produced as a-product or service (or a mix of both), utilized, supported and retired. The life
cycle model is the framework that helps ensure that the system is able to meet its required functignality
throughout its life/Thus, to define system requirements and develop system solutions during the
Concept and Development Stages, experts from other stages (for example, production, utiliation,
support, retirefment) are needed to perform trade-off analyses and to help make design decisiofis and
arrive at a balahced solution. This helps ensure that a system has the necessary attributes designed in
as early as,possible. Also, it is essential to have the necessary enabling systems available to pdrform
required stage functions.

A representative system life cycle model, shown in Figure 6, illustrates this progression. The intgrfaces
between stages are the decision points for determining that the system is ready to progress to
Subsequent stages 1N 1ts evolution.

Concept | Development | Production | Utilization | Support | Retirement

Figure 6 — Representative life cycle model

The stages in Figure 6, 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 sequence.
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So, one actuality of the “progression” of a system through its life cycle could be as represented in
Figure 7. When, in this Technical Specification, reference is made to the next, subsequent, or later stage,
this type of model must be kept in mind to avoid confusion by inferring linear time sequencing. Further,
although each stage is represented in Figure 7, 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.

Development Iteration and recursion possible on all paths

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

A ) A
\

—> Support

Figure 7 — Life cycle model with some of the possible progressions

A systlem progresses through its life cycle as the result of actigns, performed and managed by people
in orghnizations, using processes for their performance. The\detail in the life cycle model is expressed
in terms of these processes, their outcomes, relationships-and occurrence. A key aspect of life cycle
management is that each stage requires entry criteriacthat shall be met before effort from that stage
is allgwed. Further, each stage requires exit criteria“before effort on that stage meets are criteria
for safisfactory completion. Since stages can hawe complex relationships as illustrated in Figure 7,
definifion of both entry and exit criteria for a specific stage are needed. For example, if one stage should
be stafted before a “preceding” stage is completed, the stage being started should have its own entrance
criterja separate from the exit criteria of the “preceding” stage. Thus, the use of stages corresponds to
satisfying decision criteria before allowing further progress, providing a strong project control feature,
whatever the sequence of stages within-a given system’s life cycle model.

Five cpmmon principles associated with a life cycle model are the following:
— apystem progresses threugh specific stages during its life;
— enabling systems shotild be available for each stage in order to achieve the outcomes of the stage;

— afispecificlife €yelé stages, attributes, such as producibility, usability, supportability and disposability
sHould be spécified and designed into a system;

— progression to another stage requires satisfaction of exit criteria of the current stage and possibly
enptrance criteria for the following stage or stages;

— exit criteria 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.

3.2.2 System life cycle stages

Life cycles vary according to the nature, purpose, use and prevailing circumstances of the system.
Nevertheless, despite an apparently limitless variety in system life cycles, there is an underlying,
essential set of characteristic life cycle stages that exists in the complete life cycle of any system. Each
stage has a distinct purpose and contribution to the whole life cycle and should be considered when
planning and executing the system life cycle.
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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.

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
: W
LB e (e Purpose Decision optioa/g\
stages av
Identify stakeholders’ needs
Concept Explore concepts
Propose viable solutions
Refine system requirements £ Begin subsequent
Create solution description stage or stages
Development ]
Build system — Continue this stage
Verify and validate systém — Gotoorrestarta
Produce systems preceding stage
Production ;
Inspect and test — Hold project
- activity
Utilizati Operate systemto satisfy
tilization users’ needs — Terminate project
Subport Provide sustained system
pp capability
Retirement Stere, archive or dispose of
system
Organizations employ stages differently to satisfy contrasting business and risk mitigation strategies.
Using stages concurrentlyand, in a few cases, even in different orders, can lead to life cycle |forms
with distinctly differént”characteristics. Sequential, incremental or evolutionary life cycle [forms
are frequently used:\Alternatively, a suitable hybrid of these can be developed. The selectign and

development of such life cycle forms by an organization depend on several factors, includipg the
business contekt)the nature and complexity of the system, the stability of requirements, the technology
opportunities;the need for different system capabilities at different times and the availability of hudget
and resources. In addition, major decision gates, often called milestones and reviews to focus on making
the decisions may be incorporated by an organization on an incremental basis within a stage, as yell as
at the'end of a stage, to further manage risks.

Just as all the system elements of a system contribute to the system as a whole, so each stage of the life

cycle needs to be considered during any other stage of the life cycle. AS a consequence, the contributing
parties need to coordinate 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 actions. Close
communication with project team members from the different functions and organizations responsible
for other life cycle stages leads to consistency in the life cycle.

3.2.3 Stages in a system-of-interest and its enabling systems

As with any system, each enabling system also has its own life cycle. Each life cycle is linked and
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
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permit), before the enabling system is utilized as shown in Figure 8 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 Technical Specification can also be applied to enabling systems.

NEED FOR SERVICES
FROM A
SYSTEM-OF-INTEREST,

Concept [Development| Production | Utilization Support | Retirement : .
: The System-of-Interest requirements
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Figure 8 +— System interaction with typical enabling systems
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responsibility, discussed further in 3.3.2) and modularity. That is, the processes are the following:

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

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

The processes described in this Technical Specification are not intended to preclude or discourage the
use of additional processes that organizations find useful.

18
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3.3.1.1 General

Organizations, when considering a new project, should select a life cycle model, such as shown in
Figure 7 and the necessary life cycle processes to satisfy applicable life cycle stage entry or exit criteria.
Decisions as to which processes to select should be based on cost-benefit or risk reduction. 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.

[SO/IEC/IEEE 15288 and ISO/IEC 12207 provide a specific example of four groups of system lif¢ cycle
processes: Agreement, Organizational project-enabling, Technical management and Technicall Each
process has a specific purpose, a set of expected outcomes and a set of activities and tasksyEach|group
of processes is described in Clause 6 of each referenced International Standard and summarized pelow.

NOTE The process groups in ISO/IEC 12207 and ISO/IEC/IEEE 15288 are identical,JThere are diffgrences
between the two standards at lower levels within a given group (i.e. purpose, outcomeés, ‘activities and [tasks).
Those differences do not affect the discussion of project groups in this subclause.

3.3.1.2 Agreement processes

The agreement processes are applicable for establishing the relatienship and requirements befween
an acquirer and supplier. The agreement processes provide the basis for initiation of other project
processes to enable arriving at an agreement to conceive, develop, produce, utilize, support, or retire a
system and to acquire or supply related services.

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

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

— establish and carry out agreements to acquire a system or related enabling system services,

— obtain work efforts by consultants, subcontractors, organizations, projects or individuals orfteams
within a project, and

— provide the basis for closingan agreement after the system has been delivered or work hag been
completed and payment made.

3.3.1.3 Organizational project-enabling processes

Organizational projéct-enabling processes are for that part of the general management that is
responsible for establishing and implementing projects related to the products and services| of an
organization. Thus, the organization through these distinct processes provides the services that both
constrain andienable the projects, directly or indirectly, to meet their requirements.

The Organizational Project-enabling Processes included in International Standards, such as
ISO/IE€12207 and ISO/IEC/IEEE 15288 are not necessarily the only processes used by an organifzation
for governance of its business. For example, organizations also have processes for managing ac¢ounts
receivable, accounts payable, payroll processing and marketing. These business-related procesges are

not directly within the scope of the mentioned standards and thus are not discussed further in this
Technical Specification. The Organizational Project-enabling Processes of ISO/IEC/IEEE 15288 and
ISO/IEC 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 shoule
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.

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
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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 fol

lowing:

— provide the proper environment so that projects within the organization can accomplish their
purpose and objectives;
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sure that organizational policies and procedures are defined that set forth the relevant life-cycle
ocesses of the International Standards cited above and that are applicable to projects withir the
ganization and its constituent parts;

jsure that appropriate models, methods and tools are selected and provided to projécts so that
ey can complete process activities efficiently and effectively;

sure that projects have adequate resources for the project to meet budget, schedule and
brformance requirements within acceptable risks and that human resourges are appropriately
pined for completing their responsibilities;

sure that project work products for delivery to customers are of a(syitable quality;

sure that knowledge acquired during the execution of a prdject is retained in a form that is
cessible for future needs.

i Technical management processes

chnical management processes are used to manage technical process activities and to assure
ction of an agreement. Technical management processes are performed to establish and update
to assess progress against plans and system requirements, to measure and control work
5, to make required decisions, to manage\risks and configurations and to capture, store, and
hinate information. Outcomes from performing the technical management processes help in the
plishment of the technical processes.

bchnical management processes_apply to technology exploration projects that are most often
f larger projects. When that is the case, the appropriate technical management processes
rformed at each level of-the system structure. These processes also apply when performing
zational project-enabling processes or carrying out the activities related to a life cycle stage,

includling utilization, support and retirement.

When
define

3.3.1.

The td
Proce

several projects:co-exist within one organization, technical management processes should be
d to allow for the ' management of the resources and performance of the multiple projects.

b Technical processes

chnical processes are applicable across all life cycle stages. For example, the following Technical

5Ses from [SO/IEC/IEEE 15288 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

e) Design Definition Process

f) System Analysis Process
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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 12207 except for c), which is
System/Software Requirements Definition Process in that International Standard.

These processes should be performed to satisfy the entry or exit criteria df'a system life cycle stiage or
set of stages. For example, they may be used during early system life cycle stages to create a fgasible
system concept, determine technology needs and establish futurendeévelopmental costs, schgdules
and risks. During ensuing life cycle stages the technical processes may be used to define, realife and
make use of a new system. During later system life cycle stages they may be used on legacy syst¢ms to
make technology refreshments or technology insertions, as well-as to correct variations from expected
performance during production, utilization, support or rétirement. These processes apply to both a
system-of-interest and its enabling systems.

The last three Technical Processes listed (Operations Process, Maintenance Process and Digposal
Process) can be used during any system life cycle*to accomplish the objectives of a life cycle| stage
and support the technical processes used for.gngineering a system. The Operations Process apd the
Maintenance Process can be performed, as applicable, to support a particular version of a system. The
Disposal Process can be performed to deagtivate legacy systems, to dispose of legacy systems and to
safely dispose of by-products from system use.

There may be additional technical precesses used for a specific technical domain within a systenp, such
as software, hardware, humans;orfacilities, which would be discussed in the appropriate Interngtional
Standard for that technical domain.

3.3.2 Process responsibility

An organization is.a body of entities organized for some specific purpose and may be as diverge as a
corporation, agency, society, union, or club. An organization may be part of a parent organizatidn (e.g.
a society being parent to clubs that are a part of it). When an organization enters into an agreenjent, it
is a party. Rarties may have the same parent organization, although it is equally possible that thel have
different.parent organizations (e.g. two clubs from the same society making an agreement or twq clubs
from two‘different societies making an agreement).

Typically, organizations distinguish different areas of managerial responsibility and action through
dgreements, as indicated in Figure 9. Together, these areas contribute to the organization’s gverall

capability to trade. This Technical Specification 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 considered to be the responsibility of a party. An organization may perform one or
more processes. A process may be performed by one organization or more than one organization, with
one of the organizations being identified as the responsible party. A party executing a process has the
responsibility for that entire process even though the execution of individual tasks may be by different
parties. The responsibility aspect of the life cycle architecture facilitates adaptation and application

© ISO/IEC 2016 - All rights reserved 21


https://standardsiso.com/api/?name=2fba31fbd1cd6650215e9614e133ab7b

ISO/1

ECTS 24748-1:2016(E)

of International Standards, such as ISO/IEC/IEEE 15288 or ISO/IEC 12207 on a project, in which many
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pure 9 — Agreements on responsibilities for organizational project-enabling, technical
management and technical processes among cooperating organizations

bnt organizations (or parts:thereof) as parties, and different areas of responsibility within
panization, mutually establish their working relationships and acknowledge their respective
rsibilities by making@greements. These agreements unify and coordinate the contributions made
erent parties in order that they can meet a common business purpose.

Process application

ystem_life/cycle process in Figure 10 can be invoked, as required, at any point, and at multiple
, thraughout the life cycle and there is no definitive order or time sequence in their use. The
ed-purpose and timing of use of these processes throughout the life cycle are influenced by

multiy

lefactors, including socialtradingorganizational and technical considerations, each of which

can vary during the life of a system. An individual system life cycle is thus a complex system of processes
that will normally possess concurrent, iterative, recursive and time dependent characteristics. These
statements are true for both a system-of-interest and any enabling systems.
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System Life Cycle Processes
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NOTE 1
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Figure 10 — System life cycle processes

where the processes are described, not to the clauses in this Technical Specification.
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NOTE 2  InISO/IEC 12207, the heading for the figure in that standard is System/Software Life Cycle Processes
and the process in ISO/IEC 12207:2008, 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 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 TTteTaction betWeeT SUCCESSIVE Vertfication actions amd IMtegration actions Call ITCTementaily
build fonfidence in the conformance of the product. The recursive use of processes, i.e. the repeated
applicption of the same process or set of processes applied to successive levels of detail in a system’s
hierar|chical structure is a key aspect of the application of this Technical Specification. The outputs of
procegses at any level, whether information, artefacts or services are inputs to the same processes used
at the Jevel above or level below. This results in a response, information, artefacts, or serviceywhich can
then modify the original output. In this way, the outputs across all levels of the system.dan be resolved
and cqnsistency achieved, e.g. system element descriptions that conform to an architecture.

The changing nature and complexity of the influences on the system (e.g. operational environment
changps, new opportunities for system element implementation, modified structure and responsibilities
in orgpnizations) requires continual review of the selection and timing ofproecess use. Process use in
the lifg cycle is thus dynamic, responding to the many external influences.on the system.

The life cycle stages assist the planning, execution and managementof life cycle processes in the face
of thi§ complexity in life cycles by providing comprehensible and‘recognizable high-level purpose and
structjure. Precedence, particularly in similar market and product sectors can assist the selection of
stageq and the application of life cycle processes to build anxappropriate and effective life cycle model
for any system.

3.5 Processes under key views

This Technical Specification contains processes\that are applicable throughout a life cycle. However,
these [processes may be used in different ways by different organizations and parties with different
views|and objectives. This subclause presents processes and their relationships under key views. See
3.3.1 fpr synopses of the processes.

Figure 11 depicts illustrative examples of the life cycle processes and their relationships under different
views|of the usage of the Technical Specification. The basic views shown are: contract, management,
technical management, engineering, operating, support and project. Further discussion of views, their
creatipn and use, is given inrAinex A.
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Figure 11 — Life cycle processes roles and relationships
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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
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 (cnr‘h as r‘nnfignrnfinn management or information m:mqumpnf)

provide supporting services to others in fulfilling specific, unique tasks. Also shown (see the bottom
box) are some of the organizational project-enabling processes provided by the organization to support
multiple projects; these are employed by an organization at a higher, e.g. corporate, level to establish
and implement an underlying structure made up of associated life cycle processes and personnel and
their dontinuous improvement.

The processes and parties (or stakeholders) are only related functionally. They do“Ynot dictate a
structjure for a party.

An organization or a party gets its name from the process it performs, for, éxample, it is called an
acquiter when it performs the Acquisition Process.

An organization may perform one process or more than one process, a(process may be performed by
one ofganization or more than one organization. Under one contract or application of this Technical
Specifjfication, a given party should not perform both the Acquisition-Process and the Supply Process,
but it ¢an perform other processes.

In the|Technical Specification itself, the relationships between the processes are only static. The more
imporfant dynamic, real-life relationships between the processes, between the parties, and between
the processes and the parties are established when.the appropriate International Standard (e.g.
ISO/IHC/IEEE 15288 for systems or ISO/IEC 12207 for software) is applied on projects in a manner
speciffc 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 the product or service
(or bofh) to be obtained. The Supply Process,(and the supplier) contributes by providing the product or
service. The Integration Process (and the integrator) contributes by “looking” to the system for correct
derivdtion and definition of software, hardware and other products, as well as services, by supporting
proper integration of products and services back into an overall system. The Operation Process (and the
operator) contributes by operatingithe products or providing the services in the system’s environment
for the¢ benefit of the users, the businiess, and the mission. The Maintenance Process (and the maintainer)
contriputes by maintaining and sustaining the products and services for operational fitness and by
providing support and advice to the user community. Each process contributes by providing unique,
specidlized functions to.6ther processes as needed.

Wher¢ processes afe)applied to system elements of a specific nature (e.g. software), the relevant
processes from the standard that applies to that kind of element will be invoked (in this case,
ISO/IBC 12207, as well as appropriate system processes. This holds true for elements of all types. Thus,
there |s a complementary duality of process interplay as the particulars of a system are instantiated. As
a spedificexample, the validation process for software will be invoked as part of the overall process of
validafing the system, to ensure that the software is validated as part of the system.

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

4 Life cycle stages

4.1 General

Life cycle stages are the specific framework within which system life cycle processes are applied to
life cycle models. The value of stages is that entry into and exit from each stage represents a decision
point. Therefore, progress is explicitly gated and the criteria for each step of progress, moving to the
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next stage is also explicit. These criteria determine when a stage can be exited and when the next
appropriate 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 separate
exit and entrance criteria.

Each life cycle process of ISO/IEC 12207 and ISO/IEC/IEEE 15288 can be invoked at any point
throughout the life cycle, as was noted in 3.3 and 3.4. The order and sequence in which processes are
invoked, and when they are invoked, is driven by the project requirements and context: there is no
unique definitive order or time sequence for their use within a stage or across several stages. Note that,

for a given process, the outcome or outcomes for one stage may not be the same as for other stagés. It is
necessary to consider the outcome or outcomes for each process invoked during a given stage to ¢nsure
that the appropriate outcome or outcomes are obtained 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 coneurrently, iterdtively,
recursively and time dependently in whatever stages of an individual system,\software, servjce, or
other, life cycle model are applicable to a given project. The scale and rigour ofprocess application|in the
listed stages and the duration of these stages will be determined by the varying business and tedhnical
needs of the projects defining and using the life cycle model.

The processes invoked are generally performed by systems other /than the system-of-interest, p.g. by
enabling systems.

This Technical Specification describes the following six stagesas examples:
a) Concept Stage;

b) Development Stage;

c) Production Stage;

d) Utilization Stage;

e) Support Stage;

f) Retirement Stage.

In the following subclauses, .for’ each example stage, an overview description is given, followed by
descriptions of the example'stages purpose and outcomes.

4.2 Concept Stage

4.2.1 Overview

The Concept Stage begins with initial recognition of a need or a requirement for a new systpm-of-
interest_or for the modification to an existing system-of-interest. This is an initial exploratiop, fact
finding-and planning period when economic technical, strategic and market bases are assessed through
acquirer/market survey, business or mission analysis, solution space identification and feaqibility
analysis and trade-off studies. Acquirer/user feedback to the concept is obtained.

One or more alternative concepts to meet the identified need or requirement are developed through
analysis, feasibility evaluations, estimations (such as cost, schedule, market intelligence and logistics),
trade-off studies, and experimental or prototype development and demonstration. The need for one
or more enabling systems for development, production, utilization, support and retirement of the
system-of-interest is identified and candidate solutions are included in the evaluation of alternatives
in order to arrive at a balanced, life cycle solution. Typical outputs are stakeholder requirements,
concepts of operation, assessment of feasibility, preliminary system requirements, outline architecture
and design solutions in the form of drawings, models, prototypes, etc., and concept plans for enabling
systems, including whole life cost and human resource requirements estimates and preliminary
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project schedules. Decisions are made whether to continue with the implementation of a solution in the
Development Stage or to cancel further work.

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

4.2.2 Pnrpncp

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

4.2.3 | Outcomes
The ogyitcomes of the Concept Stage are listed below.

a) The identification of new concepts that offer such things as new capabilities,"enhanced overall
pérformance, or reduced stakeholders’ total ownership costs over the systemvlife cycle.

b) An assessment of feasible system-of-interest concepts, with initial\architectural and other
sqlutions, including enabling systems throughout the life cycle, for €loSure against both technical
and business or mission stakeholder objectives.

c) The preparation and baselining of stakeholder requirements-aiid preliminary system requirements
(technical specifications for the selected system-of-intexest’and usability specifications for the
efjvisaged human-machine interaction).

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

e) Risk identification, assessment and mitigation plans for this and subsequent stages of system life
cycle model.

f) Identification and initial specification ofithe services needed from enabling systems throughout
the life of the system.

g) Concepts for execution of all succeeding stages.

h) Plans and exit criteria for the\Development Stage.

i) Development and 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.

4.3 Pevelopment Stage

4.3.1 | Overview

The Development Stage begins with sufficiently detailed technical refinement of the system
requirements, system architecture, and the design solution and transforms these into one or more
feasible products that enable a service during the Utilization Stage. The system-of-interest may be a
prototype in this stage. The hardware, software, operator, process and facility interfaces are specified,
analysed, designed, fabricated, integrated, tested and evaluated, as applicable and the requirements for
production, training and support facilities, and transitions, are defined. This stage also ensures that the
aspects of other stages (production, utilization, support, and retirement) and their enabling systems’
requirements and capabilities are considered and incorporated into the design through the involvement
of all interested parties. Feedback is obtained from stakeholders and those who will produce, operate,
use, support and retire the system-of-interest through such means as a series of technical or other
reviews. Outputs are a system-of-interest or a prototype of the final system-of-interest, refined
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requirements for enabling systems or the enabling systems themselves and all documentation and cost
estimates of future stages.

Planning for this stage begins in the preceding stage to ensure the organization has available or can
establish, an infrastructure of development enabling systems, consisting of facilities, processes,
procedures, methods, techniques, tools and competent human resources to undertake analysis,
modelling and simulation, prototyping, design, integration, test, transition and documentation. These
items are developed or acquired to be available when needed to support development.

4.3.2 Purpose

The Development Stage is executed to develop a system-of-interest that meets stakeholder fequirements

and can be produced, tested, evaluated, operated, supported and retired.

4.3.3 Outcomes

The outcomes of the Development Stage are listed below.

a)

b)

d)

Baselined technical information, including evaluated and refined( system requirements are as
follows:

— hardware diagrams, drawings and models;
— software design documentation;

— process and procedure documentation;

— facility design documentation;

— interface specifications;

— production plans;

— operating instructions;

— training manuals for operdtors;

— maintenance procedures;

— retirement considerations.

Project budget and schedule baselines and life cycle ownership cost estimates.

A system-af-interest structure comprised of, for example, hardware elements, software elements,
human elements, process elements, facility elements and the interfaces (internal and exterpal) of
all suchélements.

Verification and validation documentation.

Transition planning documentation.

f)

g)
h)

j)

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

Refined and baselined requirements for the enabling systems.
A prototype or final system-of-interest.
Refined outcomes and cost estimates for the Production, Utilization, Support and Retirement Stages.

Definition of the enabling system services required in subsequent life cycle stages.
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k) Plans and exit criteria for the Production and Support Stages.
1) Identification of current risks and determination of their treatment.
m) Satisfaction of stage exit criteria.

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

4.4 Production Stage

4.4.1| Overview

The Pfoduction Stage begins with the approval to produce the system-of-interest. The system‘df-interest
may he individually produced, assembled, integrated and tested, as appropriate, or may be mass-
produged. Planning for this stage begins in the preceding stage. Production may continte throughout
the remainder of the system life cycle. During this stage, the system may undergo-enhancements or
redesigns, the enabling systems may need to be reconfigured and production staffire-trained in order
to continue evolving a cost effective service from the stakeholder view.

It is presumed that the organization has available the budget and enabhling systems that consist of
produgtion equipment, facilities, tools, processes, procedures and competent human resources. These
items pre developed or acquired in order to be available when needed'to enable production.

4.4.2 | Purpose

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

4.4.3 | Outcomes
The oyitcomes of the Production Stage are listed below.
a) Qpalification of the production capabjlity.

b) Agquisition of resources, material;services and system elements to support the target production
qyantity goals.

c¢) The system produced according to approved and qualified production information.
d) Packaged product transfer to distribution channels or acquirer.

e) Plans and exit criteria for the Utilization Stage and the Support Stage.

f) Updated con€epts for execution of all succeeding stages.

g) CurrentTisks and mitigating actions identified.

h) Qnality 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.
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4.5 Utilization Stage

4.5.1 Overview

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

Planning for this stage begins in the preceding stages. This stage includes those processes réldted to
use of the system to provide services, as well as monitoring performance and identifyingsclasgifying
and reporting of anomalies, deficiencies, and failures. The response to identified problenis includes
taking no action; maintenance and minor (low cost/temporary) modification (4.6); major (permpanent)
modification and system-of-interest life extensions (4.3 and 4.4), and end-of-life retirement (4.7).

During this stage, the product or services can evolve giving rise to different configurations. Enfabling
systems may likewise evolve. The operator operates the different configurations and the respdnsible
product supplier manages the status and descriptions of the various versionsand configurations|of the
product or services in use.

It is presumed that the organization has available the Utilization Stage enabling system which cdnsists
of facilities, hardware and software, processes, procedures, trainéd)personnel and instruction mgnuals.
These items are developed or acquired in order to be available when needed to support utilizatiop.

4.5.2 Purpose

The Utilization Stage is executed to operate theproduct, to deliver services within intlended
environments and to ensure continuing operational‘effectiveness.

4.5.3 Outcomes
The outcomes of the Utilization Stage arelisted below.

a) Experienced personnel with the:eompetence to be operators in the system-of-interest and pfovide
operational services.

b) An installed system-ofiinterest that is capable of being operated and of providing sustajinable
operational services:

c) Performance and\cost monitoring and assessment to confirm conformance to service objectiyes.

d) Identificationnof problems or deficiencies, informing appropriate parties (user, development,
production, or support) of the need for corrective action.

e) New.opportunities for system-of-interest enhancement through stakeholder feedback.

f) <Rlans and exit criteria for the Retirement Stage.

g)) Satisfaction of stage exit criteria.

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

4.6 Support Stage

4.6.1 Overview

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

This stage includes those processes related to providing services that support utilization of the
system-of-interest. This stage also includes processes to use and monitor the support system itself and
its services, including the identification, classification, and reporting of anomalies, deficiencies and
failures of the support system and services. Actions to be taken as a result of identified problems with
the support system include maintenance and minor modification of the support system and services,
major modification of the support system or services (4.3 and 4.4), and end-of-life retirement of the

suppoft system and services (4.7).

During this stage, the support system and services can evolve under different versions or configurations.
The sypport organization operates the different versions or configurations and the responsibleproduct
organjzation manages the status and descriptions of the various versions and configuratioiis of the
suppofrt system and services in use.

It is gresumed that the supporting organization has available the enabling systemsj which consist
of fac]lities, equipment, tools, processes, procedures, trained support personnél~and maintenance
manuals. The items making up the support enabling system are developed and@cquired in order to be
ready[when needed to support the system-of-interest.

4.6.2 | Purpose

The spipport stage is executed to provide logistics, maintenance, and support services that enable
continuing system-of-interest operation and a sustainable serviee:

4.6.3 | Outcomes
The oyitcomes of the Support Stage are listed below.
a) Trained personnel who will maintain the system and provide the support services.

b) Organizational interfaces with the operating and production organizations that ensure problem
rgsolution and corrective actions.

¢) Mhintained product and service§ and the provision of all related support services, including
logistics, to the operational sites:

d) Product and service mainténance and corrected design deficiencies.

e) All required logistics Support, including a spare parts inventory sufficient to satisfy operational
availability goals.

f) Cuyrrent risks and, mitigating actions identified.
g) Agreementtg terminate support services.

h) S3atisfaction of stage exit criteria.

i) A 1prmm| ta prm‘ppd to the appropriate stage ar stages, based on the Qppr‘ifir‘ life r‘yr‘lp maodelin use

by the project. Ordinarily, this would be the Retirement Stage.
4.7 Retirement Stage

4.7.1 Overview

The Retirement Stage provides for the removal of a system-of-interest and related operational and
support services, including appropriate disposal of specified system elements. Planning for the
Retirement Stage begins in the preceding stages. This stage begins when a system-of-interest is taken
out of service.
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This stage includes those processes related to operating the system that enables retirement of the
system-of-interest (the retirement enabling system), including appropriate disposal of specified
enabling system elements, and also includes monitoring performance of that enabling system and the
identification, classification, and reporting of anomalies, deficiencies, and failures of the retirement
enabling system. Actions to be taken as a result of identified problems include maintenance and minor
modification of the retirement enabling system (4.6), major modification of the retirement enabling
system (4.3 and 4.4), and end-of-life retirement of the retirement enabling system itself (4.7).

It is presumed that the organization has access to an enabling system, which consists of facilities, tools,

processes, procedures, equipment, trained personnel and, as appropriate, access to recycling,difposal
or containment facilities. The items making up the retirement enabling system are developdd and
acquired in order to be ready when needed to perform retirement functions.

This stage is applicable whenever a system-of-interest reaches its end-of-service dife. Such gnd-of-
service life can be the result of replacement by a new system, irreparable wear, catastrophic failyre, no
further use to the user, e.g. through change in mission or business direction, or when it is no longgr cost
effective to continue operating and supporting the system-of-interest.

4.7.2 Purpose

The Retirement Stage is executed to provide for the removal ¢f)a system-of-interest and related
operational and support services, and to operate and support the'rgtirement system itself.

4.7.3 Outcomes
The outcomes of the Retirement Stage are listed below.
a) Experienced personnel who can provide retiremént services.

b) Required system-of-interest decommissioning, including disposal, refurbishing, or recycling,
in accordance with applicable health;~safety, security, privacy and environmental lawjs and
regulations.

c) Plans and procedures for trangferring the provision of services to the new system-of-interest if
applicable.

d) Removal of waste.

e) Environment returred to original or agreed state.
f) Archived knowledge elements.

g) Operationdlstaff is redeployed.

h) Satisfaction of stage exit criteria.

5 , Life cycle adaptation

5.1 General

No two projects are the same. Each organization is driven by the nature of its mission or business, its
social responsibilities and its forward strategy. These provide constraints on available opportunities
that the organization and its projects can exploit. To help exploit opportunities, the organization
establishes policies and procedures to guide the performance of projects. Variations in organizational
policies and procedures, acquisition methods and strategies, project size and complexity, system
requirements and development methods, among other things, influence how a system is acquired,
developed, operated, or maintained.

To help establish these policies and procedures and to determine the resources needed by the
organization International Standards, such as ISO/IEC/IEEE 15288 and ISO/IEC 12207 can be used to
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provide specific standardized processes for use within one or more life cycle models. However, in the
interest of cost reduction and quality improvement, the processes from the International Standards, as
well as life cycle models, may be adapted for an individual project to reflect the variations appropriate
to the organization, project and system. The term tailoring has grown into use in conjunction with this
adaptation step, so it will be used henceforth in this Technical Specification. The two International
Standards provide five primary mechanisms for adaptation:

Process selection: Claims of conformance to either standard are made for a declared set of processes.
Neither an organization nor a particular project is required to use every process. They may select the

processes relevant to their needs and declare that subset as the basis of conformance.

Proceg$s substitution: For example, some of the processes of ISO/IEC 12207 are described-as
“speciplizations” of processes in ISO/IEC/IEEE 15288. Explicit permission is granted to use theisystem-
level grocess as a basis for conformance rather than the software-level process.

Use of|Outcomes, or Activities and Tasks: The conformance clause of both standards allows claiming full
confomance by demonstrating that all of the requirements of the declared set of processes have been
satisfied, either by achieving the required outcomes or by achieving the requirements 6fthe activities and
tasks.[The fact that outcomes are used as evidence of conformance provides that alternative selections
of activities and tasks may be performed if the outcomes of the declared set.6f’processes are achieved.
Similafrly, using activities and tasks to demonstrate conformance allows adaptation of the process to
provide outcomes that are the most appropriate in the context of the life ¢y¢le model being used.

Use of Notes: Both standards use non-normative notes or other forms of guidance for provisions that
are n¢t required for conformance. In specific situations, implementation of selected notes will be
appropriate.

Process tailoring: In both standards, tailoring of processesris permitted. Tailoring is defined as the
deletipn of selected outcomes, activities, or tasks.

NOTE Tailoring is to be regarded as a last resort forin of adaptation. If tailoring is performed, one may only
claim failored conformance rather than full conformarice. Furthermore, the deletion of outcomes, activities or
tasks thay endanger downstream processes by depriving them of necessary prerequisites.

5.2 Adaptation sequence

5.2.1 | General

Figurg 12 gives an illustratiye;sequence of steps that can be followed to adapt the standards to a
particular need. First, the-adaptations reflecting the project environment are addressed, and then
inputq on possible changés-are solicited from potentially affected parties. After that, the specific life
cycle model and processes are selected. Finally, if necessary, the processes may be tailored, after which
the talﬁlloring decisions and rationale are documented. More specifics and examples for systems and
software, respectively, can be found in ISO/IEC/TR 24748-2 and ISO/IEC/TR 24748-3.
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Figure 12 — Adaptation{sequence

5.2.2 Identify the project environment and characteristics

Organizational characteristics may be determined by considering such issues as organizdtional
policies and procedures. Identify the relevatit policies and procedures of the organizations inyolved,
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 indepg¢ndent
verification and validation agent, usecof a specific computer programming language and, harware
resourcing. Identify any pertinentdaws and regulations including those related to environment, [public
safety and privacy that may impact the project. It may be necessary to monitor such external spurces
on an ongoing basis to ensure that the system is compliant.

5.2.3 Solicit inputs

The requirements-detived from the relevant business or mission and contractual needs are a|major
driver in adaptingthe life cycle model and processes from an International Standard. Affected garties
should be inyolved in the adaptation decisions. These parties can help ensure that the requlting
adapted priocesses are feasible and useful. Where possible, include feedback from previous prpjects.
For example, ISO/IEC 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 ot full development of a software system. In another instance, if the customer requiremerjts are
for safety critical software instead of consumer software, it might be appropriate for the acqujrer to

o .
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5.2.4 Select the appropriate standards

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

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

— Forprojects that have both systems and software content, the use of both standards may be merited.

It

should be noted that ISO/IEC 12207 processes may contain process outcomes and tasks that are

specializations of corresponding processes in ISO/IEC/IEEE 15288. In such cases, one may select
the process from ISO/IEC/IEEE 15288 in preference to the process in ISO/IEC 12207. One criterion
for selecting the source of the process may depend on the acquisition strategy. For example, if the
system-level prime contractor is performing all configuration management, the prime mightrequire
al] software subcontractors to conform to the configuration management process of I1SO/IEG/

5.2.5

IHEE 15288 rather than the software configuration management process of ISO/IEC 12207. When
system-level processes are substituted for software processes, it is appropriate to clarify the fole of
the software implementers in supporting the execution of the system-level process.

Select life cycle model

Deterinine which life cycle model(s) are relevant and applicable for the project,(such as Waterfall,
evolutlionary, builds, pre-planned product improvement, Spiral. All such models prescribe certain

proce

ses and activities that may be performed sequentially, repeated, and combined; in these models,

the life cycle activities in the relevant International Standards should bé.mapped to the selected
models. For evolutionary, build, and pre-planned product improvementimodels, the outputs of one
projedt activity feed into the next. In these cases, the documentation should be complete at the end of

an act]

5.2.6

Identi

jvity or a task. (Annex B provides guidance on development strategies and build planning.)

Select stages and processes

fy the relevant life cycle model stages that need to:be distinguished for the project, as well as

their ¢ntry and exit criteria and their relationship (serial; parallel, wholly or partly combined). Define
the outcomes that determine successful completion of‘€ach of the stages and the milestones or decision

gates
Stand

NOTE

that distinguish them. Also, select and prioritize the processes of the appropriate International
hirds that will be implemented to achieve the‘outcomes of the stages.

In implementing a suite of processes‘intended to be applied uniformly throughout an organization,

it is ugually 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 ISOQ/IEC 12207 or ISO/IEC/IEEE 15288 do not define the sequencing
of prdcesses and activities and they do not prescribe any particular life cycle model. Mapping the

organ

zation’s current processes, practices and/or methods to the processes, activities and tasks of

the agplicable International Standard is useful at this stage. The mapping may be used to verify the
completeness of the approach; that is, to identify where gaps exist between the current situation and

the ta

5.2.7
When

rget situation whi€re processes from the International Standard are used.

Documentthe adaptation decisions and rationale

applying International Standards, such as ISO/IEC 12207 or ISO/IEC/IEEE 15288, a mapping of

the ddfined processes and activities onto the selected life cycle model should be documented, together
with the-determined relationships and the reasons for adapting this approach The verification of this

work is to demonstrate that the outcomes of each stage will be achieved by the processes selected to
implement the stage. This documentation should be incorporated into the project management plan for
implementing the applicable International Standard as it provides a reference framework for evaluating

the su

ccess or otherwise of the approach taken.

Specific guidance and examples of adaptation can be found in Technical Specifications ISO/IEC/TR 24748-

2 and

ISO/IEC/TR 24748-3, the application guidelines for International Standards ISO/IEC 12207 and

ISO/IEC/IEEE 15288, respectively.
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5.3 Adaptation guidance

This subclause provides general guidance on adapting applications of International Standards, such as
ISO/IEC 12207 and ISO/IEC/IEEE 15288 and is not exhaustive. This subclause may be used to perform
first-level adaptation of the International Standards for a given business area or organization, for
example, aviation, nuclear, medical, military, government agency. The second-level adaptation should
be performed for each specific project or contract. In general, it is wise for organizations to select and
implement processes without tailoring, tailoring should be reserved for the application of the processes
to specific projects, and then only as a last resort when other means of adaptation are insufficjent to
achieve a cost-effective result. Refer to Technical Specifications ISO/IEC/TR 24748-2 and I[S()/IEC/
TR 24748-3 for more specific guidance.

When an International Standard, such as ISO/IEC/IEEE 15288 or ISO/IEC 12207 lis-used |by an
organization to form a set of policies and procedures governing project work, then ddaptation may be
used to appropriately reduce or extend the scope of the International Standard-as'necessary for the
business strategy and kind of business for which the policies and procedures are framed.

When the International Standard is used by a project, then adaptation may-be used to approptriately
consider the particular characteristics of the project, life cycle stage or(@agreement. Since each groject
has to consider and demonstrate the benefits of what it does to satisfy‘stakeholder requirements} there
is a need to concentrate on the relevant processes and activities and\the expected outcomes, including
specific output documentation.

The International Standard can be considered for a specifi¢ project with a set duration or] for a
continuous work effort conducted by an organization.

When adaptation is done, it may be important to ensure that applicable conformance requiremgnts of
the International Standard are met.

Either the organizational unit responsible for:{forming policies and procedures, or the project t§am or
individual assigned to plan the project can beskesponsible for completing appropriate adaptation.|ln any
event, all parties involved in the project should be involved in adaptation.

To aid adaptation, the following factors-affecting the project effort should be considered.

a) Determine which organizational policies are relevant and applicable, such as on computer
languages, safety and security, hardware reserve requirements, and risk management.

b) Determine which acquisition strategies are relevant and applicable for the project, such as types of
contract, more than,ohe contractor, involvement of subcontractors and verification and valiflation
agents, level of gcquirer’s involvement with contractors, and evaluation of contractors’ capabjilities.

shatld be considered.

d), Project requirements, such as the required work, schedule, funding and technical require
(for example, functional requirements, performance requirements and interface requiremen

U "Aw A U C UC U U C Y C U UC U UCI1 d U . COC d d U U

criticality of the system and its enabling systems.

e) Project size and criticality factors can drive the amount of controls appropriate for the processes
used. A large project involving tens or hundreds of people represents a significant management
problem compared with a project of, say, three people. Large projects or projects with
subcontractors require careful management supervision and control of a diverse set of parties
with varying characteristics. Some projects achieve this through joint reviews, audits, verification,
validation and quality assurance. For small projects, all these controls may be excessive. Similarly,
the more dependent the system is upon the product operating correctly and being finished on time,
the more visibility and control are needed. Conversely, extreme overseeing and control of non-
critical parts of the product is probably not cost-effective.
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f)

g)

h)

j)

k)

D)

The applicable processes of the International Standard that apply to the domain, business and type
of organization (for example, supplier, user, acquirer, or other stakeholder) should be included in
project plans. Other processes that are not in the International Standard can be required by an
agreement or they can be required by the nature of the project, the applicable system or the type of
organization. These processes may be added, complete with their purpose, outcomes and activities.

The extent of adaptation and the use of the appropriate International Standard as a requirement or
guideline depend upon the relative position of the project within the life cycle model. Identifying
the current point in the life cycle model helps to determine, for example, whether the appropriate

International Standard would be used to select methods for conducting computer modelling and
simulation in an early stage, or how the International Standard might be adapted in a later stage to
address operation, or maintenance of the product.

Agtivities for each applicable process and the expected outcomes of each activity GshHould be
sdlected. Depending on the size and scope of the project, the type of organization and Whether an
umprecedented system is the object of the project, one or more of the International Standard activities
a process could possibly not apply. Likewise, outcomes and activities may be-added to a process
en needed to meet agreement requirements or to meet unique requirementsfora system.

T3sks, methods and tools required for activity completion should be determined. The applicable
tasks, methods and available tools are not included in the International Standard. These
y be added by the project or organization during planning fer’an adopted process. See
/IEC/TR 24748-2 and ISO/IEC/ TR 24748-3 for sources of additional task detail.

Reporting and technical review requirements applicable to the€ life cycle stage or stipulated in the
ggverning agreement or in organizational policies and procedures should be considered.

Project measurement requirement provisions should be included for the collection and reporting of
ké¢y measures by which project progress will be evaluated.

Re¢quirements related to activities and tasks\involving specialty engineering and functional
disciplines may be integrated in appropriate’processes. These processes include requirements
(special requirements or critical project andsystem requirements) and life cycle stage entry or exit
cifiteria (for example, safety, security, human factor engineering, design, software development,
pttoduction, test and logistics). Specialty and functional plans that are needed to ensure completion
off project work may be included imweork definition.

Applicable standards, policies.and procedures, regulations and laws can be the source of additional
prfocess and activity requirements to add to the work definition, even though not included in the
International Standard process requirements. Some reference standards for special factors that
sHould be designed into architectural solutions are provided in ISO/IEC/TR 24748-2 and ISO/IEC/
TR 24748-3.

Whatgver life cycleymodel is used in dealing with problems arising during the execution of life cycle
processes, it is_@seful to maintain a unified problem reporting capability. By its nature, a unified
capabllity may~deal with large numbers of problems. It is therefore useful to categorize the problems
in varjious ways. Annex D describes two classifications: by category and by priority. Others may be
applicpble\in particular situations.

Additional adaptation considerations can be found in the conformance requirements of the International
Standard.

5.4 Scope adaptation

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
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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 software life cycle model is a sub-part of the life
cycle model of the 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.

5.5 Stage adaptation

Depending on the specific system-of-interest and the environment in which a project is estallished
to realize it, stages may be combined, eliminated, or added to the @eneric model. For example, an
organization may buy a concept, establish a project to design and preduce a system, then turn the|result
over to another organization for marketing to consumers, or operation and maintenance. In apother
case, there could be repeated iterations between concept and development stages or lengthy evdlution
after fielding of a system. Each stage in these cases would hate different criteria for entry and gxit, as
well as possibly drawing on different processes. Accordingly, each stage in the life cycle, as well[as the
juxtaposition of each stage with those before and after it} réquires specific consideration for the groject
and system to be realized.

5.6 Process adaptation

When a project is established to satisfy aet of stakeholder requirements or acquirer specifications,
processes included in the organizationalt policies and procedures, or in the applicable Interngtional
Standard itself, can be adapted according to the scope, size and funding of the work to be ddne, as
well as the team structure, requirements and schedules, the specific life cycle model used and project
resources. In some cases, outcemes, activities or tasks, suggested by notes or other sources, may be
added. In some cases, outcomes;-activities or tasks may be deleted via tailoring.

The technical processesmeed special attention, because the process may be used by different garties
with different objectives. For example, if a product is embedded in or integral to the system, all the
activities in the processes should be considered and it should be specifically agreed who is required to
perform or supportieach processes activities.

Also, development of a software product may have special technical risks. If the software technology
used is net'mature, or if the software product being developed is unprecedented or complex, oy if the
software product contains safety, security, or other critical requirements, then rigorous specifi¢ation,
design; testing, and evaluations may be needed. In those cases, verification and validation shopld be
independent and address the complete product.

5.7 Life cycle model adaptation for domains, disciplines and specialties

5.7.1 Adaptation for domains

The life cycle model that is appropriate at the system level may need adaptation if the system-of-
interest falls largely or entirely within one domain, such as software. Further, the life cycle model that
best reflects events in one domain (such as software) may not be equally suitable for others (such as
hardware, humans, processes, procedures, facilities and naturally occurring entities), as is illustrated
by the examples shown in Figure 13. Note that, for simplicity of illustration, these are drawn as if the
stages are linearly sequential. However, as discussed in 3.2.1, the relations between stages are usually
more complex.
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fe cycle stages shown are illustrative only, this is not an exhaustive list of possible life cycle

models. For example, using life cycle models is just as relevant to services as it is to hardware, software,
or other products. A life cycle model for service management could include stages of: Service Strategy;
Service Design; Service Transition Service Operation and; Continual Service Improvement, as shown
in Figure 13. The advantage to 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
e management organization viewed itself as doing nothing but service operations, not thinking

servic

custo
keep i

Note t
unifor

The b
throu
eleme

a) ey

b) th
in

ner compared to a service management organization that uses a life cycle model framework te
[s competitive view, as wide as possible.

hat, for all models, the length of any one stage or of the entire model, does not represent any
m time scale or coincident start or stop timing.

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

ery domain’s life cycle model should be thought through, and

e life cycle models and their stages must be considered as a wholesand care taken that they work
concert.
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System Concept |Development| Production | Utilization |Support |Retirement]
Software Concept Development Operation and maintenance] Retirement
Hardware Concept | Design | Fabrication | Operation and maintenance|Retirement
S . Service Service Service Service Continual service
ervices strategy design transition operation improvement
Human Skill needs Acquisition | Training [Skills use and maturation} Retirement
definition
Facility Rendering Structure and Permitting| Construction Operation|p i ement
site design nd maint.
Process Output Plow Write-up Pilot Useand o i ement
definition charting use | improvement
Natural entity Acquisition Development Exploitation Retirement

Figure 13 — Illustrative examples of domain life cycle models

5.7.2 Adaptation for disciplines

In general; life cycle models would not need to be developed or adapted for a specific discipling
as mechanical engineering, electrical engineering, civil engineering, quality, system administr
Instéad, the processes associated with the life cycle model(s) in which that discipline is used
bejadapted to reflect the overall considerations discussed in Clause 5 of this Technical Specifi

(such
htion).
would

ration,

possibly with additional adaptation for the discipline Itsell. For example, the agreement processes
associated with a facility would be adapted to the specific facility project, as described in Clause 5. In
addition, some details might be adapted to reflect civil engineering concepts, practices, or terminology.

5.7.3 Adaptation for specialties

5.7.3.1 General

The focus of International Standards 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 successful. The list of these critical
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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.

5.7.3.2 Human

Humahp interaction with products and services associated with a system should be looked at from
the pgrspective of impacts on operators, users and the general public. Impacts should be analysed
to deflermine adverse impacts that should be avoided or mitigated through product related design
requirements that could mitigate the adverse impacts identified.

5.7.3.B Health

Planned usage rates and environments, operational concepts and other requirements can present
health risks with respect to potential damage to human life including ,epérators and others (both
peopl¢ and animals) that come in contact with the product or exist withinits operational environment.
Use cases, human-machine interfaces, operating environments, electremagnetic radiation, heat and
noise pmissions and waste materials should be analysed to determire such risks. Outcomes from such
analyges should include specific health concerns and recommendations as to health related design
requilements that could prevent the health hazards identifieds

NOTE Health issues may persist after the product is retired:

5.7.3.4 Safety

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

5.7.3.p Security

Operational concepts, usage environments and other product requirements can present security risks
with rlespect to the product and its users. Risks include 1) access and damage to personnel, properties
and irfformation, 2 corruption, theft or compromise of sensitive information, 3) denial of approved
accesy to propergtyrand information, 4) unauthorized system access and 5) loss of life or property.
Applidable areas)of security should be analysed to include physical security, communications security,
compuyter security and electronic emissions security. Outcomes from such analyses should include
speciffjc_security concerns and recommendations as to security related requirements that could
mitigdtehe security risks identified.

5.7.3.6 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 properly flow 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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5.7.3.7 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.

5.7.3.8 Dependability

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

5.7.3.9 Environmental impacts

The impacts on the environment from short and long-term use pfa-product, and disposing of hazgrdous
materials related to its use or retirement, can present risks toyall life forms. Risks include loss Jof life,
illness and lowering of the standard of living. Environmeiital impacts as a result of use or disppsal of
waste products from product use or from disposal of thepreduct or one of its elements that have rgached
end-of-life, should be analysed. Outcomes from suchranalyses should include specific environmental
impact concerns and recommendations as to related requirements that could reduce risks relgted to
product use and eventual disposal.

5.8 Adapting evaluation-related activities

Persons who are involved in any activity of the life cycle of a project or a process may c¢nduct
evaluations either on their own or-gther’s products and activities. This Technical Specification groups
these evaluations into five categories, 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 te_the scope, magnitude, complexity, and criticality of the project or|of the
organization. The problem; non-conformance, and improvement reports from these evaluationfs feed
back into one or more 0f the life cycle processes shown in Figure 10.

a) Process-interhalevaluations are conducted by personnel performing the assigned tasks within the
process dufing their day-to-day activities.

b) Verification 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 evaluatipns do
netduplicate or replace other evaluations, but supplement them.

¢). “Joint reviews and audits are conducted in a joint forum by the reviewing and reviewed parfies to

euvaluate ctatuc and camnliancoe af nraducte and activitioes an 2 nro.aorood ta schedule Add tlonal
vttt ottt o H P e e O proaua o et v e SO pre=a g e eatoSeReauie—Aat

guidance on joint reviews is given in Annex C.

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 c).

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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6 Relationship with detailed process standards

This Technical Specification 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 Technical Specifications. These relationships are illustrated in

Figure 14.

ISOAEC 2/17/18 1

IUVI P9 =) ) A

(Life cycle management)
= Concepts = Models = Stages

] * Model use = Adaptation
Guldance LLLLLLLLL LR L L L L L I I I I IR R R IR I N IIRILITTT]

ISO/IEC 24748-2;1SO/IEC 24748-3

etc.
» Application in specific context

- 1509001

12207 SO 14001
1SO/IEC 15408
ISO/IEC/IEEE | (Seftware) ISO//IEC 15504

Conformance

15288 ISO/IEC ISO/IEC 26702
(Systems) H13529 ISO/IEC 27000

(Humans) | . 0200

Etc. IEC 61508

Etc.
System Domain Specialty

Figure 14 — ISO/IEC 24748 relationship to detailed process standards

ISO/IHC/IEEE 15288 defines a_generic, top-level framework based upon a set of processes that can be
combipned into various suitable life cycle models. It does not, and is not intended to, define in detail
systerps engineering orthé engineering of systems. However, the International Standard is expected
to str¢ngthen the relationships among systems engineering, software engineering and other affected
engingering disciplinés. It is intended to do this through promotion of consistent and uniform
termipology among the various domains and engineering disciplines. It is also intended to establish
interagtions_and improved communication between the various engineering disciplines needed to
creatd systenis.

The othér International Standards address either domains (e.g. software, humans) in detail, or treat

specific disciplines or specialties. The International Standards are used as the basis for building
applicable sets of life cycle processes that provide activities to achieve a stated goal. The processes
defined by the International Standards are likely to be invoked during the whole life cycle of the system.
The International Standards are, in turn, supported by application guidelines, such as ISO/IEC 24748-1
for systems and ISO/IEC/ TR 24748-2 for software. This Technical Specification thus provides spanning
guidance in two key areas of interest across domains and disciplines, complemented by the specific
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 Technical
Specifications is shown in Table 2. For example, ISO/IEC/IEEE 15288 gives process definitions for
systems engineering processes, including those also system-level processes also used in ISO/IEC 12207.
ISO/IEC 12207 repeats those process definitions and adds processes specific to software. ISO/IEC 2474 8-
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1 gives a general overview of the process definitions, as background for treatment of life cycle processes,
while the other two Technical Specifications take the process sets as givens.

Table 2 — Overview of coverage and emphasis among International Standards and
Technical Reports

Area ISO/IEC/ ISO/IEC 12207 | ISO/IEC 24748-1 ISO/IEC/ ISO/IEC/
IEEE 15288 TR 24748-2 TR 24748-3
Dyocaocc dafinition o Syuctanac CSoftiazara Canara 1l ovzorziang /o A1{a
Processdefitions Systers Setbvratre Getreraloverviews: e H
engineering engineering what a process
and common is and pointer to
standards
Life cycle concepts Summary Detail n/a n/fa
Life cycle stages Summary Detail n/a n/fa
Life cycle tailoring Process requirements General guidance | Specifie\détail for Spegific
systems detall for
engineering softyare
engingering
Life cycle n/a General guidance.{/Domain-specific D¢-
application/usage guidance main-gpecif-
ic guiflance
Life cycle model n/a General giidance | Domain-specific D¢-
examples/ examples main-gpecif-
illustrations ic examples
Terminology Systems Software Life cycle and As needed As neleded
engineering engineering pointer to stand-
ards
System process key Summary n/a n/a Detail in systems nfa
concepts context
Software process n/a Sunimary n/a n/a Detdil in
key concepts softyare
confext
Organization/ Sunmvmary Summary in life Detail in systems Detdil in
project cycle context context softyare
application confext
Process application Summary Summary in life Detail in systems Detdil in
cycle context context softyare
confext
Process tailoring Normative requirements Summary in life Example for Example for
cycle context systems softyare
Process reférerice Detail General n/a nfa
model description and
pointer to
standards
Spécialty Summary Summary in life Detail in systems Detdil in
npp]ir‘:ﬂ'innc r‘y(‘]p cantext cantext software
context
Conformance Included n/a n/a n/a
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Annex A
(informative)

Process views

A1l

There
gathet
For su
from |
that c
to def

General

are instances where those representing a particular engineering interest would like\to see
ed in a single place the set of process activities that directly and succinctly address theit)concern.
ch interests, a process view can be developed to organize processes, activities, and tasks selected
SO/IEC/IEEE 15288 and ISO/IEC 12207 to provide a focus to their particular concern in a manner
its across all or parts of the life cycle. This Annex provides a process viewpointthat may be used
ne process views in these instances and gives examples from the viewpoints'ef the following:

ecialty engineering;

— interface management;

— S§€

A.2

There
dispaf

curity.

The process view concept

may be cases where a unified focus is needed for activities and tasks that are selected from
ate processes to provide visibility to a significant'concept or thread that cuts across the processes

employed across the life cycle. It is useful to advise users of the standards on how to identify and define

these
specif

activities for their use, even though they.cannot locate a single process that addresses their
c concern.

For thlis purpose, the concept of a process:view has been formulated. Like a process, the description

of a pi
proce
how t
ISO/IH
templ

A3

A pro
create

— TI

ocess view includes a statement-of purpose and outcomes. Unlike a process, the description of a
s view does not include activitiesand tasks. Instead, the description includes guidance explaining
he outcomes can be achieved by employing the activities and tasks of the various processes in
C/IEEE 15288 and ISO/IEC12207. Process views can be constructed using the process viewpoint
hte found in A.3.

Process viewpoint

ess view conforms to a process viewpoint. The process viewpoint provided here can be used to
processwylews.

e Process viewpoint is defined by

i g | 1 11 £41 4 | | |
ILS SUARTIIUIUCT S, USTI S U6 LT Stalludl U, d1Iu

— the concerns it frames: the processes needed to reflect a particular engineering interest.

— The contents of resulting process views should include the following:

— process view name;

— process view purpose;

— process view outcomes;
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— 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.

A.4 Process view for specialty engineering

T}lib DU]IJL}QL{DC Pl UVidCD all CAClllllJ]lC Uf appl_ylus t}lC lJl ULTSS ViCVVlJU;llt tU ylc}d [} lJl ULCTSS Vi W for
specialty engineering to illustrate how a project can assemble processes, activities and ‘tagks of
ISO/IEC/IEEE 15288 to provide focused attention to the achievement of product charactéristi¢s that
have been selected as being of special interest.

This example treats the cluster of interests, generally called specialty engineering, which includes
but is not limited to such areas as availability, maintainability, reliability, safety, human factois, and
usability. Within ISO/IEC/IEEE 15288, these “ilities” requirements are referréd to as “critical quality
characteristics”. These characteristics determine how well the product meets‘its specified requirgments
in a specific area selected for focus.

NOTE1 This is a generalized instance of a process view that covers\a'broad set of functional and non-
functional characteristics related to specialty engineering. It provides a broad view across the processes. If a
specific critical quality characteristic has a high priority relative to othef)characteristics, a specific procegs view
could be created for that characteristic, including more detailed information and requirements.

Name: Specialty Engineering Process View

Purpose: The purpose of the Specialty Engineering Process View is to provide objective evidende that
the system achieves satisfactory levels of certain‘critical quality characteristics selected for dpecial
attention.

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

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

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

f) The extent.0f achievement of the critical quality characteristics are specified and developed.
NOTE 2 _ (Fhe outcomes permit the possibility that the desired critical quality characteristics cannot be directly

measuréd but instead might be argued and inferred based on other product or process characteristics that can
be measured.

Processes, Activities and Tasks:

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

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

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

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

d)

g)

k)

D
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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

aqross multiple projects. However, specialty engineering stakeholders should review all parts of
the six Organizational Project-Enabling Processes to assure that their interests are adequately
addressed.

The Project Assessment and Control Process (6.3.2) provides for monitoring theQextent of
adhievement of the requirements and critical quality characteristics and communicating the
rgsults to stakeholders and managers. Relevant activities and tasks include (b) (6),\(b) (7), (b) (9)
and (b) (10).

The Decision Management Process (6.3.3) provides assessment of alternative requirements,
afchitecture characteristics and design characteristics against the decisien criteria, including the
cifitical quality characteristics. Results of these comparisons are ranked via a suitable selection
del and are then used to decide on an optimal solution. Relevant @etivities and tasks include (b)
all tasks; and (c) (1).

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

The Configuration Management Process (6.3.5) manages and controls system elements and
cqnfigurations over the life cycle. Relevant activities;and tasks include (a) (1), (d) (1), and (f) (2) for
edch discipline to be addressed under specialty engineering.

The Information Management Process (6.3(6), in its entirety, provides for the specification,
d¢velopment and maintenance of information items for documenting and communicating the
ejtent of achievement. It should be notéd-that information items used for the purpose of critical
quality characteristics are sometimes;specialized in nature. Sources for the description of these
infformation items include industry associations, regulators, and specific standards.

The Measurement Process (6.3:7), in its entirety, provides for defining an approach that relates
asures to the required ctitical quality characteristics.

The Quality Assurance Process (6.3.8) addresses identified anomalies (incident and problems) that
rdlate to the achievenient of critical quality characteristics.

The Business .0r_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 factors and
pfeliminarylife cycle concepts. This includes developing an understanding of the context and any
kdy pardmeters, such as the critical quality characteristics (e.g., safety hazards, human interfaces,
operational characteristics, and system assurance context). Relevant activities and tasks include

() and (b) (2); () (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 (@) (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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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

requirements that drive the architecture decisions, including the assessment of the architecture
with respect to the concerns and assaciated characteristics Relevant activities and tasks include

p)

q)

t)

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

The Design Definition Process (6.4.5) provides for the determination of neceSsary flesign
characteristics, which includes the critical quality characteristics, such as security of flesign
criteria for the specialty characteristics and the evaluation of alternative design$)with respect to
those criteria. Relevant activities and tasks include (a) (2); (b) (1), (b) (2), (b) (3),(b) (4) and (|b) (6);
and (c) (2).

The System Analysis Process (6.4.6) provides for the level of analysis\n€eded to understapd the
trade space with respect to the critical quality characteristics throughsthe conduct of mathenpatical
analysis, modeling, simulation, experimentation, and other techhiques. The analysis results are
input to trades made through the Decision Management Pragcess in support of other Tedhnical
Processes. Relevant activities and tasks include (a) all tasks;and (b) all tasks.

The Implementation Process (6.4.7) provides for recording the evidence that critical duality
requirements have been met. Relevant activities and«asks include (b) (3).

The Integration Process (6.4.8) provides for planhing the integration, including the considerfations
for critical quality characteristics, and the ass@irance that the achievement of the characterigtics is
determined and recorded. Relevant activitiesand 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 pgrform
verification, including the critical quality characteristics. The selected verification strategy may
introduce design constraints that~could affect the achievement of the characteristics. Relevant
activities and tasks include (a)(1)and (3); (b) (1), (b) (2); and (c) (1) and (c) (2).

The Transition Process (6.4.10) provides for installing the system in its operational enviropment.
Because some specialty properties involve a trade-off between design constraints and operdtional
constraints, attentionsto*installation is often important. Relevant activities and tasks inclyde (a)
(4); and (b) (4), (b)A6)/and (b) (7).

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

The _Qperation Process (6.4.12) provides for usage of the system. Assuring that critical quality
chdracteristics 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) ().

The Maintenance process (6.4.13) sustains the capabilities of the system, helping to ensyre 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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A.5 Process view for interface management

This subclause 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 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,

the tagks that comprise interface management are fully contained within the existing processes.
NamejInterface Management Process View

Purpoke: The purpose of the Interface Management Process View is to facilitate of the identification,
definifion, design and management of interfaces of the system. .

Outcomes:

a) Btlisiness or mission needs related to interfaces are identified.
b) Stiakeholder needs related to interfaces are identified

c¢) Re¢quirements for the interfaces are defined.

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

e) Approaches for achieving the desired interface characteristics are defined and implemented.
f) The extent of realization of the interface requirements is continually monitored.
g) The extent of achievement of the interface requirements are specified and developed.

Procegses, Activities and Tasks:

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

NOTE INCOSE Systems Engineering Handbook contains descriptions and elaboration about interface
management.

a) The Agreement Processes_(6.1) provide for the establishment of expectations and responsibilities
rdlated to interface management, including legal agreements and licensing requirements. Generally,
this is done in the context of establishing and maintaining agreement processes for all aspects of
the system. In thiscase, or even when separate Agreement Process application is required, such as
a specific interface, all parts of both the Acquisition Process (6.1.1) and Supply Process (6.1.2)
y be applicable.

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

g)

h)

j)

k)

D

configurations over the life cycle. All activities and tasks 1n this process are particularly releyant to
interface management.

The Information Management Process (6.3.6), in its entirety, provides for the ‘specifigation,
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 anl approach that relates
measures to the required interface information needs, and then genérating and using|those
measures to address the identified interface information needs.

The Quality Assurance Process (6.3.8) addresses identified anoinalies (incident and problems)
that relate to the achievement of interface requirements. The,Business or Mission Analysis Pfocess
(6.4.1) provides for the definition of the problem space and‘characterization of the solution [space,
including the description of the environment and context, as well as preliminary operdtional
concepts. It often identifies external systems that must interface with the system-of-interest.
Relevant activities and tasks include (b) (1) and (b){2); and (c) (1).

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 factors and
preliminary life cycle concepts. This includes developing an understanding of the context a%d any

key parameters, such as the critical interfaces within the system-of-interest, as well as those to
external systems, and similarly for allnabling systems. Relevant activities and tasks include (b)
(1) and (b) (2); (¢) (1); and (d) (1).

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

The System Requirements Definition Process (6.4.3) provides for the definition of the interface
requirements. Relevant activities and tasks include (a) (1); (b) all tasks; (c) all tasks; and (d) alljtasks.

The Architeeture Definition Process (6.4.4) provides for the identification of interfaces frpm an
architecfupe perspective as the architecture models evolve. This process further describg¢s and
defines'the interfaces to the extent needed for the architecture description. Relevant activitips and
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 intdrfaces
and the creation of the necessary information items. Relevant activities and tasks include (b) (5)

p)

ardtb)(6);amd (@) (1) through(d)37:

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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