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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electro
Commission) form the specialized system for worldwide standardization. National bodies
members of ISO or IEC participate in the development of International Standards through
committees established by the respective organization to deal with particular fields of

technical
that are
technical
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 co

mmittee,

ISO/TECTTC 1.

IHEE Standards documents are developed within the IEEE Societies and the Standards_Coo
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The JEEE dey
stndards through a consensus development process, approved by the AmericamNational §
Infstitute, which brings together volunteers representing varied viewpoints andinterests to ad
fipal product. Volunteers are not necessarily members of the Institute and servie.without comp
While the IEEE administers the process and establishes rules to promote fdirness in the c
d¢velopment process, the IEEE does not independently evaluate, test, ot Verify the accuracy
the information contained in its standards.

International Standards are drafted in accordance with the rulesgiven in the ISO/IEC Directivg

adopted by the joint technical committee are circulated to‘national bodies for voting. Publicaf

Attention is called to the possibility that implementation of this document may require t
sybject matter covered by patent rights. By publication of this document, no position is ta
rgspect to the existence or validity of any patentyrights in connection therewith. ISO/IEC and IH
rgsponsible for identifying essential patents, or patent claims for which a license may be req
cqnducting inquiries into the legal validity{or scope of patents or patent claims or determining
y licensing terms or conditions provided in connection with submission of a Letter of Assur
tent Statement and Licensing Decldration Form, if any, or in any licensing agreements are reg
non-discriminatory. Users of this"document are expressly advised that determination of th
any patent rights, and the risk’of infringement of such rights, is entirely their own respq
rther information may be @btained from ISO or the IEEE Standards Association.

is document was prepatred by Joint Technical Committee ISO/IEC JTC 1, Information te
bcommittee SC 7,.Software and systems engineering, in cooperation with the Software and
gineering Standands Committee of the IEEE Computer Society, under the Partner §
velopment Organization cooperation agreement between ISO and IEEE.

is first edition cancels and replaces ISO/IEC TR 24748-2:2011. The changes to this editi
anges «inISO/IEC/IEEE 15288:2015 from the 2008 edition, as well as the movement o
terjalto ISO/IEC/IEEE 24748-1:2018.

o4 gmw—- TO o UL

International Standard requires approval by at least 75 % of the national bodies casting a votsg.

rdinating
elops its
tandards
hieve the
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of any of

ps, Part 2.

The main task of ISO/IEC JTC 1 is to prepare International. Standards. Draft International Standards

ion as an

he use of
ken with
LtEE is not
lired, for
whether
ance or a
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b validity
nsibility.

chnology,
Systems
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n reflect
F concept

Allist'of all parts in the ISQ/IEC/IEEE 24748 series can be found on the ISO website

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

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

This doc

ument and its companion, ISO/IEC TR 24748-3 Guide to the application of ISO/IEC 12207

(Software life cycle processes) specifically support use of ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207,
respectively. These two guidelines continue and make use of the alignment effort evident in the two
revised International Standards. Terminology, structure and content in the guidelines are aligned
consistent with that in the two International Standards. Consequently, the users of ISO/IEC/IEEE 12207
and ISO/IEC/IEEE 15288 will benefit from having documents complementarily addressing all aspects
of services or products over their life cycle.

Besides ]
stages, a
with pro
humans,
naturallyj
IEC/IEEH
provide

he above, there is also increasing recognition of the importance of ensuring that all life.cydle
nd all aspects within each stage, are supported with thorough guidance enabling alighment
cess documents that focus on areas besides systems and software. This can include-tiardware,
data, processes (e.g. review process), procedures (e.g. operator instructions),acilities and
occurring entities (e.g. water, organisms, minerals). The concept and structure of the 1SQ/
24748 series is intended to allow its extension to such additional domajns<where that wjll
alue to users.

Vi
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e cycle, organizational, project, and process, concept application, principally through
ISO/IEC/IEEE 24748-1 and ISO/IEC/IEEE 15288:2015. It gives guidance on applying
EE 15288:2015 from the aspects of strategy, planning, application.id organizations, and af
o1 projects. It also provides comparison of the differences between [SO/IEC/IEEE 15288:201

ior versions, ISO/IEC 15288:2008.

nis document is intended to be consistent with both—ISO/IEC/IEEE 24748-1 and
EE 15288:2015 in its treatment of life-cycle concepts and'systems engineering processes.

DTE Systems engineering for defense programs is addressed in IEEE Std 15288.1, Application
gineering on Defense Programs.
Normative references

here are no normative references in this'document.

Terms and definitions
r the purposes of this document, the terms and definitions given in ISO/IEC/IEEE 15288:20

0, IEC and IEEE maintain terminological databases for use in standardization at the
dresses:

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

[SO Onlinte browsing platform: available at http://www.iso.org/obp

[EEE Standards Dictionary Online: available at http://dictionary.ieee.org

b system,
reference
ISO/IEC/
plication
b and the

1SO/IEC/

bf Systems

|5 apply.

following

4

4,

Overview of ISO/IEC/IEEE 15288:2015

1 General

ISO/IEC/IEEE 15288:2015 Systems and software engineering — System life cycle processes, establishes
a common framework for system life cycle processes, with well-defined terminology, that can be
referenced by any party, particularly those having any involvement or interest in the system life cycle
or performance of systems engineering activities. It applies to the acquisition of systems, which can be
comprised of products, services, or both, as well as to the supply, development, operation, maintenance,
and disposal of systems, whether performed internally or externally to an organization.

©
©
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ISO/IEC/IEEE 15288:2015 may be used stand-alone or jointly with other International Standards, such
as ISO/IEC/IEEE 12207:2017, and supplies a process reference model that supports process capability
assessment in accordance with ISO/IEC 33002:2015 (Process assessment).

The purpose of ISO/IEC/IEEE 15288:2015 is to provide a defined set of processes to facilitate
communication among acquirers, suppliers and other stakeholders in the life cycle of a system. ISO/
IEC/IEEE 15288:2015 is written for acquirers of systems and for suppliers, developers, operators,
maintainers, managers, quality assurance managers, and users of systems.

4.2 Structure of ISO/IEC/IEEE 15288:2015

ISO/IEC/JEEE 15288:2015 contains requirements in two clauses:
1) Clauge 6, which defines the requirements for the system life cycle processes;
2) Anngx A that provides requirements for tailoring of ISO/IEC/IEEE 15288:2015.

Six inforinative annexes support the use of ISO/IEC/IEEE 15288:2015 or its harmonization with ISQ/
IEC 1220}7:2008:

1) Anngx B provides information on possible information items that may. be associated with eath
process in ISO/IEC/IEEE 15288:2015.

2) Anngx C provides information about use of the ISO/IEC/IEEE)\15288:2015 system life cydle
procgsses as a process reference model to support process assessment.

3) Anngx D provides an informative description of the Pprocess constructs used in ISO/IEC/
IEEE[15288:2015.

4) Anngx E provides information on the process view' concept and examples of its use from two
diffefent process viewpoints.

5) Anngx F provides information on the Architecture Definition and Design Definition processes [in
ISO/]EC/IEEE 15288:2015 as they relate to'the Architectural Design process in the 2008 version jof
ISO/]EC/IEEE 15288.

6) Anngx G provides information on application of system life cycle processes to a system of systemg.

Readers pf ISO/IEC/IEEE 15288:2015 are advised to consult Clause 5 of that International Standard fo
gain understanding of the key concepts used.

4.3 Coptext of ISO/IEC/IEEE 15288:2015

ISO/IEC/|EEE 1528852015 has a focus on the processes that are used by or for a project that exists in a
defined 1elationship. with the organization, other projects and enabling systems. A project is assign¢d
responsibility that encompasses one or more life cycle stages of the system-of-interest. ISO/IEC/
IEEE 15288:2015 is applicable to organizations and projects whether they act as the acquirer or the
supplier pfasystem and whether the system is comprised of products, services, or a combination of both.

The context of ISO/IEC/IEEE 15288:2015 is illustrated in Figure 1. As the figure indicates, a single
project may involve multiple organizations working together as partners. The project for the system-
of-interest may also interact with other projects, either for other systems that will interoperate with
the system-of-interest, or for enabling systems. Such a project should use ISO/IEC/IEEE 15288:2015
to establish common terminology, as well as information flows and interfaces among the several
organizations, to enhance communications.

© ISO/IEC 2018 - All rights reserved
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Project span of
control

Organizations

System-of- °
interest

Enabling
system

Create and|monitor
projgcts

b/‘\bl"roiects

y

System-of-

interest Apply processes to perform

«—— requiredwork on or with
! system; or specific
! . eleménts (hardware,
i Life cycle stages
(55 s ) software, humans,

-2 o processes, procedures,
-------------------------------- facilities and naturally
occurring entities), within

life cycle stages

Figure 1 — Context of ISO/IEC/IEEE 15288:2015

When an organization applies ISO/IEC/IEEE 15288:2015 to a particular system that system|becomes
the system-of-interest. The system-of-ifiterest has a life cycle that consists of multiple stageq through
which the system passes during its:lifetime, denoted in the figure as s, sp, ... sn. These stagds are not
ng¢cessarily sequential and their execution can be completely or partially in parallel, as well agiterative
off recursive. An example of typical stages is:

— S1: concept;

— sp: development;
— s3: productian;
— s4: utilization;

— ss:support; and

—1 Ssyretirement.

NOTE1  Stagesare described in ISO/IEC/IEEE 15288:2015, 5.4.2 and in ISO/IEC/IEEE 24748-1:2018, 4.3.2 and 5.

NOTE 2 The management of the transition from one stage to another is not necessarily a linear, sequential,
progression and engineering activities are associated with providing appropriate work products and decision-
making information in each stage.

A number of enabling systems are deployed throughout the system life cycle to provide the system-
of-interest with support as needed. Each life cycle stage can require one or more enabling systems.
It is important to note that an enabling system has its own life cycle and that when ISO/IEC/IEEE
15288:2015 is applied to it, it then becomes a system-of-interest.

NOTE3 Therole and use of enabling systems are described in 6.3.4 and 6.7.4.6 of this document.

© ISO/IEC 2018 - All rights reserved
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NOTE 4  For related material on enabling systems, see also ISO/IEC/IEEE 15288:2015, 5.2.3 and ISO/IEC/
IEEE 24748-1:2018, 4.2.4.

ISO/IEC/IEEE 15288:2015 is applicable at any level of the structure associated with a system-of-
interest. As a system is decomposed recursively into its system elements, the processes of ISO/IEC/
IEEE 15288:2015 may be used for each system and system element in the system structure, including
enabling systems. Each system and system element has a life cycle of its own and its own set of enabling
systems.

NOTES5  For related material on system structure, see ISO/IEC/IEEE 15288:2015, 5.2.2 and ISO/IEC/
IEEE 24748-34:2048;4-2-3-

In order fo perform needed operations and transformations upon systems during their life cycles,‘:“\e
organizafion creates and monitors projects. Projects have a defined scope, resources (including timfe)
and focug. The scope can involve managing all of the stages of the life cycle, a subset of the stages, one pr
more defjned processes or one or more process activities. The time scale can be of varyingiduration, fpr
example p few weeks or tens of years. The focus of the project is related to the system:of-interest amd
its systemns and system elements in some form of system structure or stage partitioning.

NOTE 6 | System life cycle concepts are described in ISO/IEC/IEEE 24748-1:2018, 4.3¢

Organizations focus on systems that are created or transformed by projects,within the organization pr
in conjurction with other organizations. Projects have a span of interest that includes the system-of-
interest dnd its related enabling systems. Some enabling systems are under direct control of the projeqt.
The syst¢m-of-interest and those enabling systems make up the project span of control.

(o

The worli performed by projects is on or with the system-of-intetest within one or more life cycle stagg
ISO/IEC/JEEE 15288:2015 includes the requirement to definelan appropriate life cycle for a system, the
selection|of processes to be applied throughout the life eyclé and the application of these processes fo
fulfil agreements and achieve customer satisfaction.

©v

ISO/IEC/JEEE 15288:2015 can be applied to all #ypes of product- or service-focused systems amd
system elements consisting of one or more of the following: hardware, software, humans, processgs,
proceduiles, facilities, and naturally occurring-&ntities. The use of ISO/IEC/IEEE 15288:2015 for systems
within tHis broad scope is one of its main advantages.

The use ¢f the standard may be adapted:‘to accommodate the varying project requirements in treating
system life cycles.

NOTE 7 | This can be performed.by-adapting the life cycle as described in ISO/IEC/IEEE 24748-1:2018, Clausg 5
and tailorfng described in ISOAEC/IEEE 15288:2015, Annex A.

4.4 Comparison of ISO/IEC/IEEE 15288:2015 to prior versions

This clayse compares the 2008 and 2015 versions of International Standard ISO/IEC/IEEE 15288.
Changes |have been made to the processes at the structural level (i.e., processes have been addegd,
renamed} or combined with others, with resultant renumbering). These structural changes in the ISQ/
IEC/IEEH 15288 process set are summarized in Table 1 and the reasons for each structural change afe
given in Table Z.

Table 1 — Mapping of process sets between ISO/IEC 15288:2008 and ISO/IEC/IEEE 15288:2015

ISO/IEC 15288:2008 ISO/IEC/IEEE 15288:2015
Clause Process Clause Process Structural Changes
6.2.3 Project Portfolio Management 6.2.3 Portfolio management process Title changed
Process

6.2.6 Knowledge management process| Added process

6.3 Project Processes 6.3 Technical management process- Title changed
es

© ISO/IEC 2018 - All rights reserved
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Table 1 (continued)
ISO/IEC 15288:2008 ISO/IEC/IEEE 15288:2015
Clause Process Clause Process Structural Changes
6.3.8 Quality assurance process Added process
6.4.1 Business or mission analysis Added process
process

6.4.1 Stakeholder Requirements 6.4.2 Stakeholder needs and require- Title changed;
Definition Process ments definition process numbering;

6.4.2 Requirements Analysis Process 6.4.3 System requirements defini- Title ehanged;
tion process numb4qring;

6.4.3 Architectural Design Process 6.4.4 Architecture definition process Titte changed;
numbg¢ring

6.4.5 Design definition process Added process

6.4.6 System analysis process Added process
6.4.4 Implementation Process 6.4.7 Implementation process Numbering
6.4.5 Integration Process 6.4.8 Integration pretess Numbering
6.4.6 Verification Process 6.4.9 Verification'process Numbéering
6.4.7 Transition Process 6.4.10 Transition process Numbgring
6.4.8 Validation Process 6.4.11 Validation process Numbéering
6.4.9 Operation Process 6.4.12 Operation process Numbering
6.4.10 Maintenance Process 6.4.13 Maintenance process Numbering
6.4.11 Disposal Process 6.4.14 Disposal process Numbéering

Table 2 — Basis for change of process set in ISO/IEC/IEEE 15288:2015
Tlitle change between ISO/IEC 15288:200 IS0/ Reason for change

IEC/IEEE 15288:2015 _\\'

6[2.3 Project Portfolio Management Process (2008)

(@)

hanged to:

(o))

2.3 Portfolio management process (2015)

The purpose of the Portfolio Management profess is to
initiate and sustain necessary, sufficient and quitable
projects in order to meet the strategic objectiyes of the
organization. Accordingly, it is done outside the scope
of any one project and further, it is inappropriate to
speak of the project portfolio of a single proje¢t.

o))

2.6 Knowledge management process (2015) [ADDED]

This was activity 6.2.4.3 d) under process 6.2}4 Human
Resource Management Process in the 2008 veJrsion.
The change to a process in ISO/IEC/IEEE 15288:2015
reflects the greater appreciation that an organizations
knowledge is more than what its human resoyrces
possess and that the outcomes, activities and fasks
need to be more inclusive to reflect this fact.

613 Project Processes (2008)

Changed to

6.3 Technical Management Processes (2015)

Reflects that the processes under this heading relate to
the technical management of a project, but are not the
full set of processes involved in managing a project.

6.3.8 Quality assurance process (2015) [ADDED]

In the 2008 version of 15288, quality assurance was
task 6.3.2.3 a) 2) under process 6.3.2, Project Assess-
ment and Control Process. It is now recognized as
having a broader contribution, under process group
6.3, Technical processes, to the successful realization
of the system over its life cycle.

© ISO/IEC 2018 - All rights reserved
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Table 2 (continued)

Title change between ISO/IEC 15288:2008 and ISO/ Reason for change

IEC/IEEE 15288:2015
6.4.1 Business or mission analysis process (2015) This is a critical precursor to determining needs and
[ADDED] defining requirements. It was not explicitly addressed

in ISO/IEC 15288:2008 and has now been added as a
separate process in the 2015 version.

6.4.1 Stakeholder Requirements Definition Process The change clarifies that stakeholder needs must first
(2008) be determined, then used as a basis for deriving stake-
holder requirements. That1s:

Changed fo: a) needs and requirements are related but different

b) that both must be addressed to provide a-system
that responds to stakeholders,
6.4.2 Staleholder needs and requirements definition

process (R015) c) the stakeholders’ views of what they; désire that the

system provide them in terms of products and servicg
drives the requirements that express the intended
interaction the system will have‘with its operational
environment, and

(72}

d) the stakeholders' reqliizements are derived by ana
ysis of the stakeholderdieeds

This is consistent with ISO/IEC/IEEE 29148:2011, Sys}
tems and softwate engineering — Life cycle processe
— Requirements engineering, Clause 5.2.3, paragraph
1, Transfetmation of needs into requirements.

6.4.2 Requirements Analysis Process (2008) The process title in the 2008 version of 15288 did not
reflect.the full scope of what must be done to define

system requirements: analysis is only a part of it. In

Changed fo: addition, the scope of the process itself is broadened ip
the 2015 version of 15288 to include the preparation
and maintenance of system requirements, not just the
6.4.3 System requirements definition process (2015) |initial definition itself.

6.4.3 Architectural Design Process (2008) The process in the 2015 version of 15288 gives a mor¢
encompassing view of all the activities and tasks re-
quired to architect a system, whereas the 2008 versio
Changed fo: focuses on the narrower aspect of architecture desigr].

=]

6.4.4 Architecture definitiomprocess (2015)

6.4.5 Des|gn definition precess (2015) [ADDED] Design was inferred in ISO/IEC 15288:2008 process
6.4.3, Architectural Design Process. However, the 201b
version treats architecting (process 6.4.4) and design
(6.4.5) as two distinct sets of effort, with outcomes,
activities and tasks appropriate to each.

6.4.6 Sysfermranalysis process (2015) [ADDED] System analysis was inferred in ISO/IEC 15288:2008
precess6-4-3Arehitectural PesignPrecessHnthe
2015 version, it is treated explicitly. Further, the
process in the 2015 version of 15288 recognizes that
system analysis can be performed in conjunction with
more processes than just system design.

In addition to the above, the preponderance of changes in the 2015 edition of ISO/IEC/IEEE 15288
are refinements to the purpose, outcomes, activities and tasks of the processes in the International
Standard. All of these changes reflect further experience with the International Standard since
publication of the 2008 edition. Table 3 illustrates the extent of these changes for one process, using
the Purpose, Outcomes and the first part of the Activities and Tasks in the Acquisition Process as an
example, highlighting the specific changes with an underline. It is critical that the user of 15288 conduct
a detailed comparison of each process in ISO/IEC/IEEE 15288:2015 compared to ISO/IEC 15288:2008.

© ISO/IEC 2018 - All rights reserved
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Table 3 — Illustration of detail level process changes from ISO/IEC 15288:2008 to ISO/IEC/
IEEE 15288:2015

Acquisition process in ISO/IEC 15288:2008

Acquisition process in ISO/IEC/IEEE 15288:2015

6.1.1.1 Purpose

The purpose of the Acquisition Process is to obtain a
product or service in accordance with the acquirer's
requirements.

6.1.1.1 Purpose

The purpose of the Acquisition process is to obtain a
product or service in accordance with the acquirer's
requirements.

NOTE As part of this process, the agreement is mod-

tfted whena chiange Trequestis agreed to by bath the
acquirer and supplier.

1.1.2 Outcomes

6
Als a result of the successful implementation of the
Alcquisition Process:

A strategy for the acquisition is established.
One or more suppliers are selected.
Communication with the supplier is maintained.

An agreement to acquire a product or service ac-
brding to defined acceptance criteria is established.

A product or service complying with the agreement
accepted.

f] Payment or other consideration is rendered.

6.1.1.2 Outcomes

As aresult of the successful implementation of the
Acquisition process:

a) A request for supply is prepared.

b) One or more suppliers aré€ selected.

c) An agreement is established between the a¢quirer

and supplier.

d) A product efrsefvice complying with the agreement
is accepted.

e) Acquirer obligations defined in the agreement are

satisfied:

fYJDELETED]

1.1.3 Activities and tasks

he acquirer shall implement the following activities
hd tasks in accordance with applicable organizational
plicies and procedures with respect to the Aequisi-
on Process.

[sise T Mo B =)

OTE The activities_.and tasks in this prétess can
bply to one or more suppliers.

L Z

Prepare for the acquisition, This activity consists
F the following tasks:

Establish a strategy for haw the acquisition will be
bnducted.

OTE This strategy(includes reference to the life cycle
odel, a schedule'ofi/milestones and selection criteria if
lhe supplier issexXtérnal to the acquiring organization.

5z o~ oW

ot

6.1.1.3 Activities and tasks

The acquirer shall implement the following adtivities
and tasks in accordance with applicable organization
policies and procedures with respect to the A¢quisi-
tion process. NOTE The activities and resulting agree-
ment from this process often apply to suppliets in the
supply chain, including subcontracted suppliefrs.

a) Prepare for the acquisition. This activity
of the following tasks:

consists

1) Define a strategy for how the acquisition wjll be

conducted.

NOTE This strategy describes or references the life
cycle model, risks and issues mitigation, a schedule

of milestones, and selection criteria if the supplier is
external to the acquiring organization. It alsolincludes

key drivers and characteristics of the acquisitiion, such

as responsibilities and liabilities; specific models,
meth r pr : level of criticality; formality;
and priority of relevant trade factors.

Besides thoroughly reviewing all processes in ISO/IEC/IEEE 15288:2015 versus those in the 2008
edition, it may be useful for the user to recognize that a number of the processes changes reflect a
significant change in the thoroughness with which the processes for requirements identification,
architecting, design, and analysis are treated. Table 4 shows the overall scope of this major change in
the “front end” processes.
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Table 4 — Comparison of requirements, architecting, design and analysis processes between
ISO/IEC 15288:2008 and ISO/IEC/IEEE 15288:2015

Requirements, architecting, design and analysis
processes in ISO/IEC 15288:2008

Requirements, architecting, design and analysis
processes in ISO/IEC/IEEE 15288:2015

6.4.1 Business or mission analysis process

6.4.1 Stakeholder Requirements Definition Process;

6.4.2 Requirements Analysis Process

6.4.2 Stakeholder needs and requirements definition
process (includes analysis of stakeholder require-
ments);

y, Bo W el

U.T.J Oybtclll 1 C\.iuil ClllClltb dcﬁuitiuu pl ULTSS (ill
cludes analysis of system requirements)

Architectural Design Process

6.4.4 Architecture definition process;

6.4.5 Design definition process

6.4.6 System analysis process

5 Application concepts

5.1 Overview

This document provides guidelines for life cycle management in the field of systems. This clau
highlightls and explains essential concepts on which this document is based, and introduces k
useful in reading and applying ISO/IEC/IEEE 15288:2015.

concepts

NOTE
general.

5.2 System concepts

Applicatipn of ISO/IEC/IEEE 15288 presupposes:an understanding of system concepts.

NOTE

5.3 Life cycle concepts

Applicatipn of ISO/IEC/IEEE 15288 presupposes an understanding of life cycle concepts.

NOTE 1

IEC/IEEE P4748-1:2018 4.8.

NOTE 2
general.

5.4 Progess concepts

ISO/IEC/IEEE 24748-1 provides more information on¢oncepts related to life cycle management

System concepts for systems that ar&’any mix of products and services are introduced in ISO/IE
IEEE 152§8:2015, 5.2. Additional discussion is«in'ISO/IEC/IEEE 24748-1:2018, 4.2.

Life cycle concepts'are introduced in ISO/IEC/IEEE 15288:2015, 5.4. Additional discussion is in IS

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

in

D/

in

Application of ISO/IEC/IEEE 15288 presupposes an understanding of process concepts.

NOTE
IEC/IEEE 24748-1:2018, Annex A.

5.5 Organizational concepts

Application of ISO/IEC/IEEE 15288 presupposes an understanding of organizational concepts.

NOTE
ISO/IEC/IEEE 24748-1:2018, Annex B.

Process concepts are introduced in ISO/IEC/IEEE 15288:2015, 5.5. Additional discussion is in ISO/

Organizational concepts are introduced in ISO/IEC/IEEE 15288:2015, 5.3. Additional discussion is in
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5.6 Project concepts

Application of ISO/IEC/IEEE 15288 presupposes an understanding of organizational concepts.

NOTE Project concepts are introduced in ISO/IEC/IEEE 15288:2015, 5.3. Additional discussion is in ISO/
IEC/IEEE 24748-1:2018, Annex C.

6 Applying ISO/IEC/IEEE 15288:2015

6/T Overview

Unhderstanding concepts does not give the ability to immediately apply them without furthef thought
anpd work. The following clauses give guidance on what should be done to bridge-th€ gap|between
cqncept and practical use in different project, organizational and life cycle environments, starting with
planning the application of ISO/IEC/IEEE 15288:2015.

Mpdern businesses strive to develop a robust set of life cycle processes that are applied repeatefdly to the
projects of the business. To accommodate that need, ISO/IEC/IEEE 15288:2015 is intended to e useful
for application at either the organization level, or at the project level. An’erganization should adopt the
stndard and supplement it with appropriate procedures, practices; tools and policies. A projgect of the
orfganization should typically conform to the organization's proeésses rather than conform djrectly to
this document.

Inf some cases, projects may be executed by an organization/that does not have an approprigate set of
ptocesses adopted at the organizational level. Such a project may apply the provisions of [I[SO/IEC/
IHEE 15288:2015 directly to the project.

6{2 Application strategy

6.2.1 Overview

ISO/IEC/IEEE 15288:2015 may be applied for a variety of reasons, such as to:

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

c)] provide guidance on system life cycle processes usable within a larger process, surh as an
organization’s aeguisition process or maintenance process.

Whatever the reason for application of ISO/IEC/IEEE 15288:2015, a suggested application|strategy
cdnsists of thefollowing:

a)l planithe application;
b) adapt ISO/IEC/IEEE 15288:2015, if applicable;

c) conduct pilot project(s);
d) formalize the approach; and
e) institutionalize the approach.

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

Whether the existing basis for system life cycle processes is ISO/IEC 15288:2008 or some other
reference point, the fundamental starting point is to identify all the changes to go from that basis to
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ISO/IEC/IEEE 15288:2015. If the existing process basis is ISO/IEC 15288:2008, the amount of changes
will be noticeably less than if a different process basis is in use.

Bringing all the stakeholders together in this effort is critical: even one area left out that should have
been in the planning can materially disrupt applying the new basis. One way of proceeding is for a small
group to develop a checklist of things that should be considered in applying ISO/IEC/IEEE 15288:2015.
This may include, and possibly will not be limited to:

a) documentation changes, including flow and nomenclature;
b) staffitrainingneeds;
c) resppnsibility changes, including need for new agreements;

d) impa3

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

The initid
to work {]
the checK

Once the
impacts

of changg
should e3
adverse |

well as checks for successful completion after each step of phdasing in the changes. Quantitative metri

should bé¢

Through
periodic

When a

established and institutionalized, then theZimplementation strategy can be shortened and shoulld

probably|
a) plan

cts on tools and databases; and

1 checklist should then be used by an immediately subsequent, larger, grouplef all stakeholde

list. Repeated reviews of checklist drafts should be held to find the final few surprises.

e is a detailed listing of the changes derived in this, or equivalent/ manner, the time and cqg
bf each need to be assessed and adjusted for the risks of each\change and various groupin

plore phasing in changes in a way that minimizes cost, preject disruption and the potential f}
uman reactions. Readiness criteria should be developed for starting each step of a phase-in,

developed and used.

but, a core group should be maintained to ovérsee the change from one basis to another, wi
meetings of the entire group of stakeholders.

project or organization is already in a steady state, i.e. where the processes have be
include the following:

the application;

b) adaz[ISO/IEC/IEEE 15288:2015, if applicable (for the risk level of the work); and

c) con

6.2.2 R

Applying
The follo

ct the project(s).

lanning the application
ISO/IEG/IEEE 15288:2015 should be considered as a specific project and planned as such.

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

hrough what other items need to be added and what the specific change§.are for each item ¢n

. Then further analysis of the sequence of implementing the changes is necessary. The groyip

'S

St

BS

pr
HS
cS

th

En

a) defi

€ tire scope of the project. Possibititiesinciude:

1) asingle project either internal to an organization or as part of a two party contract;

2) concentration on some key processes or even a single process where there is expected to be
some gain for an organization. This approach can be used where a weakness has been detected
previously and can lead to a full application of ISO/IEC/IEEE 15288:2015 at some future point.
Conversely, the approach can be of benefit where significant process refinements or additions
have been made, so that in depth revisions of a single process will be necessary;

3) adoption of ISO/IEC/IEEE 15288:2015 across a range of projects with probably a staged
introduction. Here the organization should probably have no or few defined processes and
should be standardizing on ISO/IEC/IEEE 15288:2015;

10
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4) adoption of ISO/IEC/IEEE 15288:2015 across all projects and within all parts of the
organization. It is unlikely that any organization except a very small one should take this
approach. It should be relevant though for a new subsidiary of an existing organization that has
adopted ISO/IEC/IEEE 15288 into working practice previously.

b) identify the project goals and determine how they fit into the organization-wide business goals.
If no obvious link is established between this project and the organization’s business focus, then
lasting commitment to achieve the application project goals will be difficult if not impossible to
maintain;

c)[Tdentify Totes and responsibiiities of tThe project team/organization, assigning a singig point of
responsibility for each process. In many cases, one individual or organization may be fe$ponsible
for more than one process, particularly in small projects or organizations;

d] identify the resources available for the application of ISO/IEC/IEEE 15288:20%5, such| as time,
money, people and equipment;

e)| create and document the project management plan for applying ISO/IEC7IEEE 15288:2015.

62.3 Conduct pilot project(s)

When introducing ISO/IEC/IEEE 15288:2015 in an organization/aeross many projects, some|pilot use
in| key areas and for key processes will help to limit the risk expostre of the organization. A spiccessful
introduction should usually include such approaches as the following:

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

b) selectateam of volunteers to conduct the pilot projects then publicize and reward their efforts;

c)] train all involved. Awareness can.b¢’ aided by regular communication of progregs in the
implementation process, in addition te formal training classes;

d] plan the pilot projects and identify critical success factors and measures of success;

e)] for each pilot project, incorporate the selected adapted process or processes into the project
management plan. Refefence or include as appropriate, the necessary documentation] e.g. the
adaptation decisions@nd rationale; and

f)] execute the pilotproject(s), tracking and documenting the performance against the critical success
factors. Capture knowledge gained from each pilot project in the knowledge management process,
including lessons learned throughout the pilot project(s). Incorporate the lessons leafned into
revised processes.

62.4 _<Formalize the approach

Fgrmalizing involves the introduction of a new process across several projects or adross the
organization. Issues such as training, documentation, provision of enabling systems, such as support
tools for the processes, and the tracking and oversight of the new processes use and acceptance.
Planning for the transition to the new processes for any project that is already up and running should
be addressed.

NOTE Improvements can be made within a project by monitoring at the project level. They can also be made
by comparing one project against another to determine approaches which were successful and which should be
incorporated into future projects.
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6.2.5 Institutionalize the approach

Institutionalization focuses on what is involved in ensuring that a process is used consistently and
automatically throughout the project or organization. This also involves measuring performance of the
process, and implementing process improvement again as necessary.

6.3 Application of system concepts

6.3.1 General

ISO/IEC/IEEE 15288:2015 provides a set of processes that support realizing and using a system. This
clause folcuses on those processes that most directly apply the system concepts stated in ISO/IE(C/
IEEE 15388:2015, 5.2 and in further expanded in ISO/IEC/IEEE 24748-1:2018, 4.2. To support the
discussidns in 6.3.2 and 6.3.3, Table 5 shows the processes being discussed, the general putpose fpr
using thgm, and key points to consider.

Table 5 — ISO/IEC/IEEE 15288:2015 processes used to directly apply system concepts

24748-2 15288 Processes Purpose Key Points
Clause
6.3.2 6.4.1 Business or mission anal- |Understand why there needs to bé This work does not, and
ysis process a system, its boundaries, users-and should not, seek to de-
other stakeholders termine architecture or

6.4.2 Stakeholder needs and re-
quirements definition process |Develop the understanding into, first
a statement of needs and-require- It is critical to identify angd
ments as seen by stakeholders, then  |meaningfully involve all

translate those into requirements for |who will be stakeholders
6.4.6 System analysis process |a system that should satisfy the stake- |over the systems life cycl¢
holder needs

design of the system

6.4.3 System requirements
definition process

6.3.3 6.4.4 Architecture definition |Translatethé system requirements Maintaining stakeholder
process into an understanding of how an involvement throughout ig
actuyalisystem can be realized, firstas |still critical
seenfrom outside the system and in its
6.4.6 System analysis process _ telements and their relationship (archi-
tecture) and then in terms of specifics
of the insides of the system (design)

6.4.5 Design definition process
There will be a great deal
of recursion and iteration
when doing this work, as
well as questions that may
require revision of the
work in 6.3.1

6.3.2 Systems

To detertpine how to-provide products, services, or both, for the benefit of users and other stakeholders,
the start|ng point.should be to define the purpose of the system, its boundaries, and those who shoulld
be its stgkeholders. At that point, neither the structure nor the composition of the system is knowln,
nor should they be the focus of 1nterest For those reasons, users of ISO/IEC/IEEE 15288 2015 shoulld
start with ; /
IEEE 15288: 2015 6.4.1 process of that Internatlonal Standard then use thlS asa boundmg framework
to define stakeholder needs and requirements, applying process ISO/IEC/IEEE 15288:2015, 6.4.2.
These processes may need to be applied iteratively, or recursively and may be applied to new systems,
existing systems where changes are being considered, and enabling systems.

Applying a systems concept should mean that the analysis and determination mentioned above are
then used to define the requirements of some collection of interacting elements that should satisfy the
analysis and determination, applying process ISO/IEC/IEEE 15288:2015, 6.4.3. Note that, once again,
the specific structure of the system is not known at this point, nor is the manner in which that structure
will be implemented (i.e. hardware, software, humans, processes, procedures, facilities, or naturally
occurring entities). The user should determine, possibly iteratively or recursively, the functional,
logical, timing, thermal, mass, and other properties of the system of interest and its enabling systems.
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For any of this work, process 6.4.6, Systems Analysis Process, of ISO/IEC/IEEE 15288:2015 may be
useful to apply.

6.3.3 System structure

With a thorough understanding of the purpose and benefits of the system-of-interest, its boundaries
and stakeholders, as well as their needs and requirements, plus the resulting system requirements that
have been derived from these, the user of ISO/IEC/IEEE 15288:2015 should next apply this system to
progressively define the structure of the system (its architecture) and the specific ways in which that
architecture can be realized

Mpre specifically, the user of ISO/IEC/IEEE 15288:2015 should apply process 6.4.4, 'Architecture
Definition, and then process 6.4.5, Design Definition. In applying these processes, probgbly iteratively
and recursively, the user of ISO/IEC/IEEE 15288:2015 should understand that characteristic properties
a system's boundary arise from the interactions between subordinate systems{/What this means in
actice is that the interfaces between parts of the system should be understood first, then the parts
emselves should be architected and then designed to respond to the requirements imposed by
e interface. This process should be continued from the most general dndeérstanding of thle system
ucture progressively downward to the most detailed level. Process 64.6; System Analysis, may need
be applied at any step along the way.

ot n o

iefly stated, the user of ISO/IEC/IEEE 15288:2015 should workd{rom the interfaces inward, pnd from
e top downward (downward implying a greater level of detail, but not necessarily a hidrarchical
stem structure). This applies to the system of interest @nd its enabling systems, whether new or
der consideration for change. Accordingly, the applicdtion of the processes described aboye can be
ne at any stage of a system’s life cycle.

Qac L 4w

Fgr any of this work, process 6.4.6, Systems Analysis Process, of ISO/IEC/IEEE 15288:2017 may be
ugeful to apply.

63.4 Structure in systems and projects

The user of ISO/IEC/IEEE 15288:2015;should determine the project scope, or the scopes of the set of
piojects, that best supports definition, realization and use of the system of interest and its|enabling
systems. To do this, the user of JISO/IEC/IEEE 15288:2015 should draw on the results of ppplying,
difrectly or with adaptation thé-Agreement Processes (6.1), Organizational Project-Enabling Frocesses
(6.2) and Technical Management Processes (6.3) that are already in place for the organizatign within

ich the projects will, be’executed. For example, the possible need to define a new system should
rgsult in reconsiderdtion of the organization’s infrastructure, portfolio, human resource, quality,
and knowledge mdanggement capabilities under various possible project structures to find|the best
rdlationship of thejset of projects versus the possible scope of the system of interest and its|enabling
systems.

6.5 . Enabling systems

The“applications of system concepts described in the preceding clauses apply directly to|enabling
systents, with thre fottowing clarifications:

a) in considering the scope and structure of the projects to support actualization of a system of
interest, it is critical to also consider all enabling systems;

b) the understanding of enabling systems follows the understanding of the system of interest, at each
level of that understanding;

c) the user of ISO/IEC/IEEE 15288:2015 should re-use, possibly with adaptation, existing enabling
systems wherever possible; and

d) the use of existing enabling systems can constrain the realization of the system of interest,
therefore the user of ISO/IEC/IEEE 15288:2015 should perform the appropriate system analyses to
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determine if it is more beneficial to adapt the enabling system to the system of interest, or constrain
the system of interest to accommodate the existing enabling system.

6.4 Application of life cycle concepts

6.4.1 Overview

ISO/IEC/IEEE 15288:2015 requires the establishment of a life cycle model to provide a framework
in which the processes of the International Standard are performed [See 6.2.1.2 c)]. It also requires
the definiti i i i ;
IEEE 24748-1:2018 provides (in Clause 4) a description, including the purpose and outcomes, of.atlife
cycle moflel with a set of six life cycle stages. This model is included in Figure 2 as a reference for two
related vjews of the system life cycle - the organizational view and the engineering view.

NOTE 1 | For simplicity of exposition, the life cycle model in Figure 2 is drawn as if the stages were sequentjal
and equal|in length. In actuality, as described in ISO/IEC/IEEE 24748-1:2018, 4.3.1, stages can.be interdependent
and overldpping, can be of differing durations and can iterate or be applied recursively.

NOTE 2 | There can also be a project view, and possibly other views, of the life cycle odel.

Organizational view

Decision
gates * * *
Pre- Feasibility O\\ Retire-
study study Execution \% ment
ra
Milestones v v v
Bid-No Bid Go-Ahead Initiate
Production

Concept DevelopmentJ Production | I{t'\hgation | Support | Retirement |
e

System lifecycle stages
y cycle stag \

Life cycl ocess utilization
(sequen&a , iterative, recursive)
X

Engineering view

Figurel2 — Organizational and engineering views related to representative system life cycle
model

The systpm life cycle model illustrated in Figure 2 does not imply any application precedence pr
sequencyq for/the application of ISO/IEC 15288:2008 life cycle processes. The order of use of the life
cycle prqcesses is influenced by multiple factors such as social responsibilities, world trade laws,
Organiza tional cultures and technical considerations. Each ofthese factors can vary r]nring the life gf a
system. A manager of a system life cycle stage typically selects the appropriate set of life cycle processes
to meet entry or exit criteria and other stage objectives. For example, during any of the later life cycle
stages a manager can use the Operation Process, Maintenance Process and Disposal Process to manage
the system while it performs its required functions or is serviced to meet system requirements. During
earlier life cycle stages the same processes can be used to help manage the development of the system
as well as affect the disposal of waste products or work products that are no longer needed.

To determine which processes to select and apply during a system life cycle stage, a user of ISO/IEC/
IEEE 15288:2015 is guided by the purpose and outcomes for each of the stages (see ISO/IEC/IEEE 24748-
1:2018, Clause 4). The selection of the appropriate processes enables the system’s progression through
its life cycle to be managed. The system life cycle model of Figure 2 can be considered as an illustration
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of an orderly passage associated with a system going from one stage of life to another. Both the
organization and engineering views of Figure 2 can be helpful in enabling this passage.

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

The orgamzatlon uses these mllestones and gates as dec151on pomts Where investment dec151ons can be

T [ dified, be
ones and
ssociated

d to meet
propriate
es. Thus,
planned engineering activities need to take place during each systeny life cycle stage to optain the
oytcomes and meet the purpose of the stage or a set of stages.

The framework and example approaches for the views of Figure 2 aré described in 6.4.3 below.

64.2 Decision gates

The organizational view of Figure 2 can vary according*to the nature, purpose, use and prevailing
cifcumstance of the system-of-interest or the busiwess of the organization. Neverthelesq, despite
a [necessary and apparently limitless variety inssuch views, there is an underlying notional set of
cllaracteristic milestones and decision gates that.exists. Each milestone and decision gate has h distinct
puirpose and contribution to the system lifexcycle. These milestones and decision gates should be
cqnsidered when planning and executing the system life cycle.

NOTE Examples of decision options and their purpose for each stage of a life cycle are shown in, of ISO/IEC/
IEEE 24748-1:2018, Table 1.

rl\,/IIEIestones provide an opportunity for management to review progress and decide to dedlare that
ilestone as satisfactorily completed and proceed to the next milestone. If the milestone marKs the end
offa stage, then a decision.gate is reached to proceed to the next stage or select one of the other options
frpm ISO/IEC/IEEE 24748+1:2018. The decision gates provide a framework within which organization
mianagement has high:level visibility and control of the project.

Dliring each system life cycle stage, management can use established decision gates to determine
whether the objectives (financial as well as technical) of that system life stage were sati$factorily
cqgmpleted and whether the system is ready to progress to another stage or, alternatively, hold or
cqntinue.n.the present stage, return to a previous point in the present stage, or return to another stage
olf stages.

The'specific rationale for the decision may vary for each stage. For example, during later life cy¢le stages
while the system is being used (utilization and support), the decision as to whether to continue in that
stage or if the system should be appropriately retired (move to the Retirement stage) can be based on:

a) whether system technology should and can be refreshed (change to the baseline configuration
without changing performance); and

b) whether new system technology should and can be inserted (change to system performance).

Decision gates to move to another stage can occur at more than one point in a given stage. Examples of
when decision gates can be appropriate for the Concept Stage are:

a) after a period of pre-study; and
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b) after studying the feasibility of the alternative concepts.

Prior to the first decision gate, appropriate research and development is carried out, technology
challenges and opportunities are explored and potential system concepts are analysed. Those concepts
that have promise for future business opportunities are presented to management for approval to
continue the development of the more promising concepts. The concepts can be needed to develop a
new market, to respond to a specific threat or to respond to a request for proposal.

After alternative concepts have been studied, a second decision gate can be used. Determinations
such as listed below should be made before a decision is made to initiate the execute stage of the

organizafionat view:

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

b) whether a concept is sufficiently mature to warrant continued development of a new product pr
line ¢f products; and

c) whet

her to approve a proposal generated to respond to a request for proposal.

For orgapizations that are responding to a request for proposal, there is an ildportant feasibility sta
e, This milestone is used to determine whether or not to make a bid,based on the initial results

mileston
of a feasi

The view

hility study.

s illustrated in Figure 2 includes activities related to four-stages of the system life cycle

developnpent, production, utilization and support. Typically, theré are two decision gates and tv

mileston
the oppo

bs associated with execution activities of the management view. The first milestone provid

Ftunity for management to review the plans for exetution before giving approval to proceed.

The secg?d milestone provides the opportunity to review progress before the decision is made

initiate

the devell
These vig
make up
for differ

a shorter
system e

643 A

oduction. The decision gates during executiof.can be used to determine whether to produ
oped system-of-interest and whether to impreve it or retire it.

bws apply not only to the system-of-interest but also to its systems and system elements th
the system structure, as well as enabling systems. Different organizations can be responsib
ent systems of the system structure. Also, individual systems or system elements can ha
life than the system-of-interestyin which they are embedded, so these individual systems

ements can need to be replaced with improved ones during the life of the system-of-interest.

\pplication approaches

Organizations employ the-execution activities of Figure 2 differently to satisfy contrasting busine

and risk
used. Th
approach

NOTE

document].

resolution stnategies. Sequential, incremental or evolutionary approaches are frequent
bse approaches-are discussed in the clauses below. Alternatively, a suitable hybrid of the
es can bedeveloped.

The “¥eée” model is a specific example of an application approach. It is described in Annex B of tli

pe

yo
£S

Lo
e

at
le
e
br

S

ly
se

The selection, development and USe of one of these approaches by an organization depend on SEVer
factors such as those listed below:

a) the acquisition policy of the organization;

b) the nature and complexity of the system;

c) the stability of system requirements;

d) technological opportunities;

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

f) the availability of resources.
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6.4.3.1 Sequential approach

6.4.3.1.1 General

For systems that have long development cycles before delivery of the first system, a sequential approach
can be appropriate. Many systems, such as produced by the automotive industry, use a similar approach

with development taking up to three years before a new automobile model is introduced.

Projects

using this approach face many challenges including cost control, funding changes, technology changes,
workforce retention, and final customer or acqu1rer requlrements satlsfactlon These challenges are

dg ploymg of the system in the marketplace.

The sequential approach is illustrated by the organizational view of Figure 2 and has defined
gdtes so that an organization can manage an orderly progression of the system |from cd
through retirement. For systems that rely heavily on off-the-shelf system elements, develd
offten directed to start in the execution phase of Figure 2 without doing concépt’studies. In
the project needs to be aware of the risks of starting development without doing the risk 1
enpgineering of earlier studies. Use of off-the shelf system elements does 1ot replace system f]
anjalyses or the risk reduction analyses and effectiveness assessments nééeded to confirm thati
anle compatible. This off-the-shelf approach may reduce the need to\go-through earlier decisi
buit it does not eliminate the analysis necessary to reduce risks.

The sequential approach can be very effective and efficient for engineering systems w

pttoducts. During the production stage either one or a few systems can be produced and deliy
lajge quantity production can be initiatéd that can continue into the utilization and support st
uflilization and support stages are typically the longest period of this life cycle and can last
ydars. Major systems realized using this approach often have an operation life of tens of yg

odifications using technology‘trefreshments and technology insertions made to sustain th
and lengthen its useful life.

This sequential approach ean be applied to modernization of legacy systems. The engineering,
is|done on the system'being enhanced and its related lower level systems and system elemel
system structure. The impact on the system-of-interest does need to be analysed and where
arje revealed, thé changes to higher-level systems and the system-of-interest need to be ma
rgquirementsfor the applicable system need to be revised.

64.3.1.3>"Risks

em to the

decision
nception
pment is
Chis case,
eduction
easibility
nterfaces
on gates,

here the

uantities
brmation
onsumer
ered or a
hges. The
for many
ars with
e system

however,
hts of the
conflicts
de or the

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

as those

listed below shoutd beconsidered amd Tesoived before adoption:

a) Expectations and requirements related to the system can change over the years of development;

b) Knowledgeable workers on teams can turn over;
c) Decision-making personnel in the organization can change;

d) Customer personnel in the acquirer’s organization can change;

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

f) Technical obsolescence can arise during a long development.
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6.4.3.1.4

Opportunities

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

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

b) All system capabilities can be delivered at the same time.

c) In-sg
mod

d) 0lds
6.4.3.2

6.4.3.2.1

The incrg
organiza
planned

systemr

The over

rvice modification decisions allow determination of whether to do maintenance, a maj
fication or to retire the system from service.

ystems can be simultaneously retired from service or withdrawn from the market!
Incremental approach

General

bmental approach can be applied to organizations that market new versions of a product. 4
fional view not unlike the view of Figure 2 is used. Howevery/milestones are established
ntervals to introduce a planned version of the system that can‘be released to the market. T]
balized as a result of the concept stage can be a first version.

all capabilities of the last version to be marketed may be known at the start of syste

develop
version,

The application of ISO/IEC/IEEE 15288:2015 life cyele processes, further described in 6.7 of thi

docume
in parall

ent. However, a limited set of capabilities is allocated to the first version. With each successi
ore capabilities are added until the last releasefully incorporates the overall capabilities.

, is performed to realize each version. The operation and support of each version is doj
] with the development, utilization and(Support of successive versions. Early versions of tl

system ajnd support for those versions can belphased out as newer versions are bought and used |

the custq
capabilit

6.4.3.2.2

This app
to be int
informat
systems.

6.4.3.2.3

The incr

mer base or a block modification@o earlier versions can be made to incorporate the ng
es of a later version.

Applicable systems

roach can be applied to, systems that rely on new, enhanced capability versions of the syste|
‘oduced in short intervals so as to remain competitive in the marketplace. Examples inclu
on technology systems such as business systems, medical systems and routing and firewz:

Risks

pr

AN

e

m
ye

e
e
Dy
W

m
e
11

resolved

before adopting this approach.

bmental approach has associated risks such as listed below that should be considered aII\d

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

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

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

d) Expectations may not be met if customers desire the full capabilities in the first version.

e) Poor

18

results may be realized if requirements are not as well understood as originally thought.
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f) Unplanned technology changes or competitor system capabilities can require re-direction of the
development and have a significant impact upon costs and schedule for subsequent versions.

g)

6.

The customer may change the requirements as the development progresses.

4.3.2.4 Opportunities

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

a)

Acquirer requirements for early capabilities can be satisfied.

b)
‘)

6.

6

T}
re
is
dé
In

\(
C4

T]
aj
p(
V€
mj
af

o
(oF:

6.

Tl
th

The prototypes developed for each early milestone can have a place in the market.

Early introduction of the system, even with limited capabilities, can enable exploitati
marketplace by beating the competition to market.

4.3.3 Evolutionary approach

#4.3.3.1 General

ne evolutionary approach can be applied by organizations that ntarket new versions of a p
gular or pre-planned intervals. The major difference of this approach with the incremental
that the full capabilities of the last version of the systemare not known when an evo
velopment is undertaken.

itially the requirements for the system are partially defined and then refined with each s

pabilities.

plied to realize each version. In this case; development of new versions can be done seri
irallel with partial overlapping. As withwversions developed using the incremental approach,

@intain configuration control of each version so that operation, training and support proce
propriate to the version being used.

'ten, a new version with enhanced capabilities can replace an earlier version, or a block mo
n be made to the earlierversion to incorporate the new capabilities of a later version.

4.3.3.2 Applicable systems

1is approach canbe applied to complex systems for which requirements are not well unders
ough the need for the system is understood and approved. These are typically one of a ki

g:tantity production systems. Example systems can include custom information technology
ilitary-information technology systems and specific information technology security systents.

6

4.3:3.3  Risks

bn of the

roduct at
hpproach
utionary

liIccessive

rsion of the system as lessons learned from the useof an early version are translated into neyv desired

ne ISO/IEC/IEEE 15288:2015 life cycle processes, further described in 6.7 of this docurpent, are

hlly or in
different

rsions can be operated and supported in parallel. Particular care should be taken, however, to

lures are

lification

ood even
d or low
systems,

The evolutionary approach has associated risks such as listed below that should be considered and
resolved before adopting this approach:

a)
b)
‘)
d)
e)

©
©

Full capabilities can be preferred at the same time.

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

There can be uncertainties related to determining future requirements.

There can be uncertainties with respect to planning the schedule release of the next versi

Configuration control can be a problem.
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f) A product prototype in production can be used too early or inappropriately.

6.4.3.3.4 Opportunities

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

a)
b)
‘)
d)
e)

6.4.3.4

Technica] reviews such as listed below should be conducted for each project@s, appropriate to tl
developnpent model used:

a)

b)

£)

20

Acquirer requirements for an early capability can be satisfied.

Customer feedback can be used to enhance the capabilities of a future version of the system.

The
Early introduction of a limited capability system can enable countering a competitor threate

Emerging technologies can be taken advantage of.

a reviiew held prior to performing the Stakeholder Needs and Requiréments Definition Process
confirm that the business and mission requirements are complete, Consistent with the acquirer
intent, understood by the supplier and have been validated. Thisyreview can prevent proceedil
with|a less than acceptable set of the business and mission requirements;

a reyiew focused on preliminary concepts that helps ensure that the preferred concept has tl
potential of satisfying defined stakeholder requirements.and is based on a set of viable, traceah
technpical requirements that are balanced with respect to cost, schedule and risk;

an evaluation of the established requirements:baseline to confirm that the set of technig
requjrements are balanced with respect to costyschedule and risk;

an eyaluation of the established functional‘baseline to confirm that the system definition is basg
on ag¢hievement of technical requirements. It also can be used to confirm readiness to proceed wi
the greliminary design of each system of the system structure;

arevjiew conducted for the preliminary design of each system of the system structure to confirm th3

1y
2)
3)

4)

5)

Lot | 1 A £icf 1 H | 4 L S N leat
U1 ULUL)’ PCO UCVCIUPCU U oa\.lol_y dailr dal l_y ITITICOLUIIU ULAIT IIdvi d UoU 111 LIITU TIIdI AU L.

Technical reviews

fhe specifications and other configuration descriptions are defined appropriately;
fhe design solutiomis consistent with the acquirer’s requirements;

¢nabling system requirements are sufficiently defined to initiate enabling syste
developmefits, as required, or to acquire the applicable enabling systems;

dpproaches planned for developing detailed designs, including corresponding prototypes, a
dppropriately planned; and

ne

ko
’s
ng

he
le

al

pd
th

nt:

m

re

a review conducted for the detailed design of each system of the system structure to
demonstrate that:

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

the design solution is consistent with the acquirer requirements;

enabling system requirements to provide life cycle support have been adequately defined to initiate
enabling system development or acquisition, as appropriate.
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reviews conducted prior to each scheduled series of tests on an implemented or integrated test
system to confirm test readiness by confirming that all test related enabling systems are in place

and the test environment is prepared to accomplish test objectives; and

reviews conducted prior to releasing each design solution for first system or batch prod
confirm production readiness by confirming that production enabling systems and materi
place and the production environment is prepared to accomplish production objectives.

uction to
als arein

After completion of the detailed design of each system in the system structure that is based on the
allocated baseline, and with proof that the production system is ready and other enabling systems are

r
Sy
py

N
te

N
an
re

T
a\

b)

ady OT are expected o be avaitabte Whem needed, The Systen can be Teteased for proau
stem produced can be a one of a kind, the first of a limited version or the first of many th
oduced.

DTE 1 IEEE 15288.2, Application of Technical Reviews and Audits on Defense Programs, gives infor
chnical reviews for the defence sector.

DTE 2 1EEE 1028:2008, IEEE Standard for Software Reviews and Audits, ISO/IECYYEEE 20246:2017
d systems engineering — Work product reviews and 1EC 61160:2005, Design Review give additional
views.

#.3.5 Configuration audits

vo types of configuration audits can be performed - functiohal audit and physical audit. T
dits are described below:

A functional audit is used to demonstrate that,system verification results compare f3
with the specifications against which verification was performed and that planned ve
procedures were followed. This audit is alse/used to confirm that verification results
favourably against configuration documentation such as drawings, authorized changes
built” or “as-coded” records.

NOTE A pre-production prototype or the first system produced is typically used for verificg
audit is typically completed before release of the system for initial production.

»n

A physical audit is performed to examine the “as-built”” system against its conf]
documentation such as drawings, bill of materials, specifications, code lists, manuals, ve
procedures and acceptance data. The “as-built” system examined should be one or more o
set of systems produced during the initial production. Selection of the systems to be us
audit should be doné.at random by the auditors. The purposes of the physical audit are giv

1) to confirm that the system has been realized correctly in accordance with its dra
specifications;

2) to-confirm that the information database represents the essential set of work prq
artefacts from the engineering effort;

3),” to confirm that required changes to previously completed specifications have been in

ion. The
ht will be

mation on

Software
detail on

hese two

vourably
rification
compare
and “as-

tion. This

guration
rification
f the first
ed in the
bn below:

wings or

ducts or

cluded;

6.

6.

4) to confirm that enabling systems for future system life cycle stages will be available, can be

executed and meet stakeholder requirements; and

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

5.1 Overview

Organizations are producers and consumers of systems; that is they trade products and services. The
processes in ISO/IEC/IEEE 15288:2015 are used by organizations that acquire and use or create and
supply a system. Any of the processes apply at any level in a system structure during any applicable

©
©

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

21


https://iecnorm.com/api/?name=d23365fe460006b8dcceefd32e9295b8

ISO/IEC/IEEE 24748-2:2018(E)

stage of the system life cycle and to any organization assigned responsibility for a system. How they
are applied, possibly with adaptation, varies depending on such factors as the project, organization,
and life cycle model. The outputs of one level, whether information, products or services, are an input to
the level below (and may feed back to the level above) and result in a corresponding response including
information, products or services. The use (recursively) of the same underlying set of processes to
describe an organization’s business, project and technical actions at each level of detail in a system
structure is a key aspect of the application of ISO/IEC/IEEE 15288:2015.

Additionally, a management group of a multi-organization project working on the same system can use
ISO/IEC/IEEE 15288:2015 to provide a common set of processes, an integrated system life cycle model,
and a corthmon basis for communication and for working together.

The progesses in ISO/IEC/IEEE 15288:2015 form a comprehensive set to cater to a wide,'variefy
of organjzations. An organization, small or large, depending on its business purpose, can s€lect 4n
appropripte subset of the processes (and associated activities and tasks) to fulfil that purpose. ISQ/
IEC/IEEH 15288:2015 is intended to be applied internally by an organization or contraetually by two pr
more organizations. In order to facilitate application of ISO/IEC/IEEE 15288:2015 either internally pr
contractyially, the tasks are expressed in contractual language. When applied internally, the contractulal
languagelis interpreted as self-imposed tasks.

ISO/IEC/JEEE 15288:2015 should be harmonized with an organization’s-policies and standards thfat
are alreddy in place. It is usually the case that an organization has been utilizing its own existing
standards and specific techniques. When applying ISO/IEC/IEEE 15288:2015 within an organization)it
is therefqre important to clarify the relationship between ISO/IEC/IEEE 15288:2015, the organization's
own standards, and the various techniques that have been employed.

Figure 3|shows one possible example of such relationships/that may be useful when applying 1SQ/
IEC/IEEH 15288:2015 within an organization. ISO/IEC/IEEE 15288:2015 is located at the first levgl,
standards for the discipline are located at the second level; and the third level is for procedures specific
to an organization. The terms defined and used in.the second and the third levels are required fo
conform fo ISO/IEC/IEEE 15288:2015.

Level 1

Work is done according to the-items ISO/IEC/IEEE 15288
In each process

Level 2

Work is done accordihg to procedures in Discipline -specific

a defined sequénce standards

Level 3

Procédures are detailed for a Organization -specific
specific organization standards

Level 4

Techniques are provided for a specific problem Methods; Tools
Solution. Tools are provided that support the

various techniques

Figure 3 — Relationship with existing documents

Resolution of any conflicts is left to the organization applying ISO/IEC/IEEE 15288:2015 and may
involve developing a mapping and if necessary, filling any gaps.
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6.5.2 Considerations and techniques

Organizations should generally use ISO/IEC/IEEE 15288:2015 as part of an effort to improve system-
related processes. This may be through standalone use or in conjunction with available process
assessment and capability determination methods.

NOTE The application of ISO/IEC/IEEE 15288:2015 within an organization is based upon the same
approaches as are used on projects. Consideration is given to the issues raised and the strategies described in 6.2
of this document that are followed by organizations when using ISO/IEC/IEEE 15288:2015.

65.3 Application opportunities

The reasons for applying ISO/IEC/IEEE 15288:2015 internally within an organization may,include such
sifuations as:

a)l verifying the thoroughness of an existing method. This should usually be moxé-trelevant where the
method was developed in-house or adopted and extensively modified;

b) adapting an existing method to cater to the risks associated with meves into new markgt sectors
where more rigor is required because of perceived risks;

c)] developing a new method to meet the needs of a new organization. This includes orgapizations
created through mergers or business alliances. It may be ni€cessary to maintain several process
models to suit particular activities;

d] managing the introduction of new technology. Examples include the automation of| existing
manual processes, or a change in the techniques used to implement a product or service.|[SO/IEC/
IEEE 15288:2015 defines criteria which can bearsed to benchmark the completeness of the method
before and after the technology is changed;

e)| evaluating an internal capability of a paffy'to meet agreed criteria e.g. as part of a tendér review
process; and

f)] establishing a benchmark upon which improvement programs can be developed e.g. audjt against
ISO/IEC/IEEE 15288:2015.

6{5.4 Management commitmeént

Ag with any program which results in changes to work practices, it is essential that the mafagement
wijithin the affected organization is visibly committed to implementing and supporting the chapges. In a
two-party situation-this should be initiated by a contract and then, as for general organizational use, it
sHould be normalpractice to establish policies covering the relevant parties.

6/5.5 Uses’of ISO/IEC/IEEE 15288:2015 within an organization

Theresare four key uses of ISO/IEC/IEEE 15288:2015 within an organization. These uses are iljustrated
in| Figure 3 and described below.

Use 1 is a direct application of ISO/IEC/IEEE 15288:2015 to organizational work. ISO/IEC/
IEEE 15288:2015 describes the life cycle processes in terms of process name, purpose, outcomes and
activities and tasks. Thus, direct application is the application of a set of selected life cycle processes
to the appropriate system-of-interest during a life cycle stage to achieve the process outcomes and
satisfy stage objectives and exit criteria. To successfully apply the selected processes each activity is
further defined by the organization. This further definition includes identifying the tasks by which an
activity will be accomplished. From these tasks and the nature of the activity, methods and tools are
determined for completing the tasks efficiently and effectively.

The outcomes from performing tasks should include appropriate documentation. The extent of
documentation should be based on project size, life cycle stage exit criteria, agreement deliverables,
knowledge management system, resources available and any other influencing factors identified.
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Use 2 is for the purpose of creating and applying discipline- and domain-specific standards. These
standards can be derived from the applicable concepts and requirements of ISO/IEC/IEEE 15288:2015
in order to standardize the primary work of the organization in disciplines such as software, mechanical,
chemical, electrical, and so forth, as well as domains such as aerospace, automotive, medical equipment
and so forth. In this use it should be an adaptation of the scope of ISO/IEC/IEEE 15288:2015 to the
applicable discipline, domain, or both. Use 2 type standards should be more focused to the business of
the discipline and application domains. As in Use 1, the activities should be defined in more detail by
identifying necessary tasks, selecting and providing the appropriate methods and tools and performing
work according to procedures and sequencing defined in these standards. Discipline and domain
members should be trained in the appropriate standard and the applicable methods and tools prior to
applyinglon a project.

Use 3 is for the purpose of creating organizational standards and guidance. In this use it should-be gn
adaptatign by the organization of the scope of ISO/IEC/IEEE 15288:2015 and possible adaptation jof
disciplin¢ or domain standards, or both. As in Uses 1 and 2, the activities should be defined in mofe
detail by|identifying the necessary tasks, selecting and providing the appropriate méthods and todls
and performing work according to procedures and sequencing defined in these standards. Organization
memberg should be trained in the appropriate standard and the applicable methods’and tools prior fo
applying|on a project.

Use 4 ig for the purpose of preparing appropriate documents describing discipline, domain and
organizafion-wide methods, procedures and guidance for implementation of their related standards,
as well afs for direct application of ISO/IEC/IEEE 15288:2015. Appropriate training on the applicable
documerts is necessary prior to application on a project.

6.6 Application of project concepts
ISO/IEC/JEEE 15288:2015 life cycle processes can be used by a project for at least four purposes:

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

b) to egtablish the organization’s capability-£o acquire and supply products or services through the
initigtion, support and control of projects (Organizational project-enabling processes);

c) toesfablish and evolve project plans; to execute the project plans, to assess actual achievement and
progress against the plans and.fo'control execution of the project through to fulfilment (Techniqal
management processes); and

d) to contribute to the satisfaction of Technical objectives for one or more life cycle stages (Technidal

m
ct
15
he
it
for exampte and
form of work products from appllcatlon of the processes can be affected

6.7 Application of process concepts

This clause provides guidelines to consider in executing the activities and tasks of the processes stated
in ISO/IEC/IEEE 15288:2015 in order to better obtain the intended outcomes of the processes and
achieve their purpose.

NOTE The relevant clause number for each process from ISO/IEC/IEEE 15288:2015 is given in parentheses
following the process name in each of the following sub-clauses, e.g. (6.1) means that Agreement processes are in
clause 6.1 of ISO/IEC/IEEE 15288:2015.
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6.7.1 Application of Agreement processes (6.1)

The processes of ISO/IEC/IEEE 15288:2015 can be used to attain an agreement. Figure 4 illustrates
the use of the agreement processes in conjunction with the other life cycle processes of ISO/IEC/
IEEE 15288:2015 to attain an agreement. Agreements can be between organizations, between projects,
and for work efforts within a project.

Acquisition
process

-» Agreement

&
.

Proposed response

Supply
process
> P Feasible solution

<

Plans lRequirements

Project Work directives
— planning —>
process

Plans and

Evaluations "requirements

Organizational Project assessnrent

project- and control process
enabling
processes

Resources

Decision management Technical

rocess ) processes
P _ Alternatives

<4

Go/no go
decision

A\ 4

Approvals Information

management process

Redirection R

>

Risk management
process
_ Costand feasibility data

<

Configuration
management process

1
Assessments

Measurement [, Workproducts
process hl

Figure 4 — Application of processes to form a formal agreement

The Figure 4 model is not meant to reflect all possible process flows to attain an agreement bujt to show
that.all processes of ISO/IEC/IEEE 15288:2015 can have a role in forming an agreement, gspecially
formal agreements that can be legally binding. When an agreement involves a relationship between
individuals of sub-projects within the same project much less formality can be expected than suggested
by the Figure 4 model. The following paragraphs describe the process flow of the Figure 4 model and
exceptions as appropriate.

The processes of ISO/IEC/IEEE 15288:2015 can be initiated with the receipt of an acquisition request
such as a formal request for proposal or an informal internal directive for certain work to be done.
This can be before a project is formed for a new engineering effort or within a project if it is for project-
related work.
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Appropriate to the level of formality, the following list of expectations should be used to establish a

common

basis for the acquirer and supplier to understand the project requirements:

a) system and service requirements;

b) expected deliverables;

c) development and delivery schedule milestones;

d) acceptance conditions, exception handling procedures, conditions requiring re-negotiation of

the 3

greement, conditions required to lawfully terminate the agreement, conditions required

(o]

impd
e) right
pate

The negg
acquirer

6.7.1.1

In order
Project-E
6.3and 6

An appro
consider
be assign
products

The assig

establishiing an agreement. First the team or indiwidual should do the necessary planning to scoj

a strateg
requeste
response
criteria.

To deter
response
appropri
of work,

tiation can be considered complete when the terms of agreement are acceptable to both t}
and supplier.

Application of Acquisition Process (6.1.1)

[0 properly accomplish the Acquisition Process activities and tasks, applicable Organization|
nabling, Technical Management and Technical processes from180/IEC/IEEE 15288:2015, 6
.4, respectively, should be implemented, as appropriate.

priate team or individual, depending on the project size.and complexity, should be assigned
and prepare a response to the acquisition request. Eorsmaller projects a single individual c§
ed the responsibility to prepare the response, to de‘the work and to create the required wo
to be delivered.

ned team or individual should perform the activities of the supply process appropriate

y for the response preparation effort and to understand the capabilities required to do t}

se penalties or invoke bonuses and payment schedules; and
s and restrictions associated with technical data, intellectual property, copyrights amd
its.

ne

N

ko
hn
rk

l work. The plan should include a schédule of milestones and decision criteria for submitting
and consider the goals of the organization or project as well as applicable investment decisi

mine whether to respond &o the request for proposal or to determine the specifics of t}
the technical processés can be planned and performed to the level of the system structu
hte to the nature and size of the system and the system life cycle stage. In addition, the scoj

be deterimined. The application of the technical processes should be in accordance with the plan a

should b
enabling
monitor {

Typically

 assessed ang controlled using the appropriate project processes. The organizational proje

he outcomes and approve the response, as appropriate.

in any acquisition situation there are several approaches or ways of doing somethin

An appr

processes-are implemented to the extent necessary to support the technical processes and

ne
re
pe

fost of the system.and the feasibility of meeting requirements within given constraints shoulld

d
t-

pachy or way that best achieves the overall acquisition goals and constraints is desire

Considerations to include are:

a) aftermarket opportunities;

b) business unit policies;

c) organization environment;

d) financial resource availability;

e) human factors;

f) impr

26

ovement strategy;

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


https://iecnorm.com/api/?name=d23365fe460006b8dcceefd32e9295b8

ISO/IEC/IEEE 24748-2:2018(E)

g) integration and interoperability;

h) logistics (supportability);

i) obsolescence;

j) operational environment (pollution, disposal);

k) producibility;

1) safety;

ml) security;

n) competition;

o) stakeholder goals;

p) survivability;

q] time-to-market constraints; and

r)| potential risks for acquisition and supply.

Agquisition planning is conducted using the Project\“Planning Process from [SO/IEC/

[HEE 15288:2015, 6.3.1.

Typical solicitation documents include: acquisition request (for example request for proposal, request

forr bid, request for information, and request for quot€); memorandum of intent, offer or directjve.

Whenever possible for a formal contract situation involving outside suppliers the potential suppliers

ng¢ed to be involved in the definition of the acquisition request document to provide an optimym match

off stakeholder needs with system requirements. Similarly, the same suppliers need to be inyolved in

clanges during maintenance of the agreenient.

The level of formality of the monitoring'should be clearly established at a level appropriate to the scope

and context of the agreement, including mutual responsibilities, frequency and mode of monitpring and

whys of gauging acceptable exectition of the agreement.

6J7.1.2 Application of Supply Process (6.1.2)

Inf order to properly accomplish the Supply Process activities and tasks, applicable Orgarjizational

Project-Enabling, Technical Management and Technical processes from ISO/IEC/IEEE 15288:2015, 6.2,

6.3 and 6.4, respectively, should be implemented, as appropriate.

After an agteement is established a project is formed, if not already in place, and the appropriate

agreement, /project and organizational project-enabling processes of ISO/IEC/IEEE 15288:R015 are

uged in conjunction with the technical processes of the International standard to do the work to meet

agréement requirements. The model illustrated in Figure 5 provides an example of the relatipnship of
tocessesusedwithinaprojectfor satisfying anagreement-Thisexampleisnotmeant toreplesent all

| 4 J J [s) [s) P 1 4

possible process flows by all possible projects. It does, however, provide an approach one can consider
in establishing a process flow appropriate to a particular project. Smaller projects should still do the
same processes but the formalization, documentation and level of activity can be reduced in scale as
appropriate to the economics of the project.

©
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Figure 5 — Application of processes to satisfy an agreement
The projgct work should not be undertakien until the resources such as funds, team members, equipmept

and facilities needed to meet the projéct agreement and plans are attained.

The project exists to satisfy dnJ)agreement by providing the desired deliverables to the quality
expected. The project performs the Planning Process that can consist of updating the plans used fo
form the|response to the acquiisition request or the applicable plans from the previous life cycle stage.
Appropriate teams are dssigned the work required to meet planned requirements. These teams do the
work asspciated with application of the technical processes to obtain the work products required. The
§s,
Configurption Management Process, Information Management Process and Quality Assurance Procefs
should b¢ used¥o monitor, control, and assess the technical process outcomes to be able to keep work
within aq Ceptable cost, schedule and risk in order to meet performance requlrements for the system.
pd

to provide support to the pr0]ect and to review the project, as approprlate

The activities of the processes shown in Figure 5 can be considered as complete when the agreement is
fully satisfied with the delivery of required products and services.

The actual realized form of the system-of-interest, enabling system or system element can vary from
a conceptual model to a production representative product. The realized form of the deliverable
is typically a function of the exit criteria of the applicable system life cycle stage and agreement
requirements.

A supply strategy is defined using the Project Planning Process from ISO/IEC/IEEE 15288:2015, 6.3.1.

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


https://iecnorm.com/api/?name=d23365fe460006b8dcceefd32e9295b8

ISO/IEC/IEEE 24748-2:2018(E)

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

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

Typically, in any supply situation there are several approaches or ways of doing something. An approach
or way that best achieves the overall organizational and supply goals and constraints is desired.
Considerations to include are:

0. annlicobla lagiclationas S d gy lotionc thot ol 40 +hn ool nge,
a
) appritaore eSSt At e guratoRS Tt appry—tote-Suppriet

b) business unit goals;

c)] competition;

d] organization environment and policies and procedures;
e)| resource availability; and

f)| related management, technical and resource risks.

Whenever possible for a formal contract situation involving a primary and supporting suppliers, the
potential supporting suppliers need to be involved in the definition of the tender response and supply
agreement negotiation, directly, indirectly, or both, to provide)an optimum match of capabilities with
system requirements.

The level of formality of the monitoring should be cleatly established at a level appropriate to the
sdope and context of the supply agreement, including*mutual responsibilities, frequency and mode of
nitoring and ways of gauging acceptable execution of the agreement.

Egtablish who is authorized to accept the supplied each distinguishable product or service and on what
bgsis, including applicable Verification and-Validation processes.

The level of formality for delivering and supporting the product or service, including closure, $hould be
clparly established at a level appropriate to the scope and content of the supply agreement.

6{7.2 Application of Organizational Project-enabling Processes (6.2)

6/7.2.1 Application of Life Cycle Model Management Process (6.2.1)

Inf selecting processes for application within a system life cycle stage, some of the processes of|[[SO/IEC/
IHEE 15288:2015.may not be applicable for an organization. In this case, such processes are expected to
bé not included\in organizational standards, policies and procedures or other directive media|. In cases
where the-organization desires that certain activities of a process be part of directive materipls, these
sdlected activities can be included as part of the definition of other processes or an entire process can
b¢ subordinated to an activity level under another process.

N JAL V\vnlnnf BrOCASSesS-cah ]f\n armaed or
PTrojecTpPTofT TOT It OT

elevated to the process level.

I- ray l“YF]D halafaVa¥aYela
ife-eyeleproees s can be

Standardization of life cycle processes within a business unit can vary. However, organizations typically
encourage all projects and functional business units to use common practices and standards where it is
advantageous to do so.

Definition of standardized processes includes related methods and tools to be implemented in projects
in accordance with organizational policies and procedures and investment decisions.

Appropriate disaster recovery procedures are typically established for all organizational project-
enabling processes and databases.
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6.7.2.2

Application of Infrastructure Management Process (6.2.2)

Typically infrastructure is established based on: organizational strategic plan, capabilities, resources,
risk levels, value to the customer, and technology policies. For a business, payoff goals, market segment,
market position, investment and competitive advantage are also factors.

It is critical to establish, use and continually refine metrics that show how well the infrastructure
is supporting the needs of the organization in executing its mission, using resources that have
demonstrated expertise in this area.

6.7.2.3

The Port
projects 4
policies,
product
interact y

Policies §
organiza
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6.7.2.4
This orgd
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requireni
Humanr
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b) skill

Application of Portfolio Management Process (6.2.3)

folio Management Process sets the environments for organizations in which multiple-ongoii

procedures and standards. In addition, the process establishes constraints forcechnologig
ines, and project management aids and provides communication paths with, which projed
vith each other and the organization.

nd procedures that support and direct projects that perform the services and produce tl
fional products, services, or both, should be evaluated on a regular®asis. Changes to polici
edures are evaluated to realize continuous improvement of organizational maturity f
b its strategic and tactical objectives is realized.

€S.

ate management aids are typically established to €nable availability of valid information fj
and enabling projects including project status, standardized automated tools, organization
available for reuse, and the status of emerging téchnologies and related market opportuniti
its and the information databases in which captured data and documents are warehoused.

fal to establish, use, and continually refifie; metrics that show how well projects, individual
e aggregate, are achieving their objectives and those of the organization, using resources th
onstrated expertise in this area.

Application of Human Respurce Management Process (6.2.4)

nization process includes establishment of human resource services that enable organizatio
e their goals and objectives within legal, financial and other constraints and agreeme
ents.

psource services.include, but should not be limited to:
irce acquisition;

pssessment;

ire accomplished to include applicable strategic and tactical plans, system life cycle models, amnd

rity level for different systems produced by projects can require separate sets of policies amd

B

S,
ts

e
£S

O
al
b

ly
at

c) skill

development;

d) skill

e) effec

measurement;

tive skill deployment to organizational needs;

f) directand indirect compensation; and

g) knowledge capture, storage and re-deployment.

The infrastructure and skill mix of personnel in projects, individually and in the aggregate, should be
reviewed for consistency with organizational strategic and tactical objectives.
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6.7.2.5 Application of Quality Management Process (6.2.5)

This process is consistent with establishment of quality management approaches that lead to
conformance with ISO 9001:2015, Quality management systems — Requirements.

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

6.7.2.6 Application of Knowledge Management Process (6.2.6)

It|is important that knowledge management is recognized in the organization as a strategi¢-gffort and
that accumulated and used knowledge is therefore appreciated as a valuable asset.

P4rticipation in knowledge management in the organization should be widespread‘and parnticipants
sHould receive appropriate levels of training.

6{7.3 Application of Technical Management Processes (6.3)

6/7.3.1 Application of Project Planning Process (6.3.1)
The Project Planning Process defines the necessary plans to suppdrt other processes. For exaimple, to:
a)| arrive at an investment decision;

b) prepare aresponsive response to a solicitation;

c)] determine whether to proceed or continue,"work to satisfy the requirements of g specific
organizational model stage entry/exit criteria;

d] guide the work required to meet the requirements of an established agreement; and
e)] re-plan the work.
Plans are constrained by organizatignal goals and objectives and stakeholder needs.

Pllans should include the scope,*tasks, methods, tools, measures, risks and resources for applicable
system or system element implémentation, integration, verification, transition and validation processes,
sq that each contingency option can be efficiently and effectively used.

Re-planning is typically initiated:
a)] whenrequired by an agreement;
b) when significant variations or anomalies are identified from other process outcomes. or;

c)] before implementation of the next engineering view or organizational view stage relatpd to the
System life cycle model selected by the organization.

Contingency options are used in a plan when there are known risks or opportunities (for example
significant changes in budget, schedule, requirements or technology, or resource availability) that can
cause the project or work effort to be redirected.

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

A work breakdown structure (WBS) of the system structure and applicable non-system-structure-
specific related project process activities is typically established. Non-system-structure related
project process activities include project planning, assessment and control, decision management,
risk management, configuration management, information management, measurement and quality
assurance (see ISO/IEC/IEEE 15288:2015, 6.3.2 through 6.3.8, respectively).
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The initial WBS should be based on the system structure and the system life cycle processes. A WBS
typically evolves to identify tasks and work packages associated with the specific system in parallel
with the technical definition of the structure in which the system exists.

The items listed below should be helpful for determining project schedules, staffing requirements and
resources requirements:

a) key events required to meet technical requirements (for example technical review, production
readiness review, verification, modification decision review);

b ri vz taclrc palatnd o A oo lichin g Aty o d At st A Ao b oAy A + (For aszaranla daf: 1e
p ry-tasksrelated-toaccomphishingentryrandexiteritertaofeach keyevent{forexample deft

stak¢holder requirements, prepare engineering drawings, complete technical or managenient
revigw package, conduct test);

c) supplort tasks that enable the staff accomplishing primary tasks to meet their objectives. Fpr
exanpple:

1) 4cquire resources, equipment and facilities;
2) QJcquire appropriately skilled personnel for accomplishing the primary«<asks; and;
3) Qarrange travel.

d) manggement tasks required to direct, monitor, review and approve\the primary and support tasks
(for ¢xample serve as chair of a technical review, review and approve documents for transmittal
to thie customer, attend management review, and decide whether to do a technology refreshment,
technology insertion or retire the system).

After approval by the appropriate authority the project schedules are considered a baseline subject fo
change cpntrol in accordance with organizational policiestand procedures.

After approval by the appropriate authority the planned budget is typically considered a baseline
subject tI change control in accordance with business unit policies and procedures.

Plans cap be individual documents in a collective document or captured in an electronic media fpr
access byl appropriate participants. A planis an initial output of a process that enables the process fo
be efficigntly and effectively accomplisiied. A plan should be made using appropriate Project Planning
Process {ctivities.

The engiheering plan provides anexplanation of what needs to done, how it will be done, who will dlo
it, when |t will be done and where it will be done; as well as how much of a resource is necessary fo
do the work for each technical process. The engineering plan explains the above within establish¢d
constraints of resources and staff and in order to meet cost, schedule and performance requiremenits
within adceptable risks.

An engineering plan is appropriate for each applicable organizational view stage and for each project
(for the pngineering or re-engineering of a system) using the appropriate model. See 6.4.3 of tHis
documer1t fordiscussion of some of the possible models.

The engineering planis also known as the Systems Engineering Management Plan (SEMP]) or Integrated
Management Plan (IMP).

The list below should be used as a checklist for inclusion and completion of essential and applicable
information in an engineering plan:

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

c) theboundary of the general problem to be solved, denoting what can be controlled by the developer
(inside) and what influences the development and is influenced by the development but not
controlled by the developer (outside);
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the required inputs and outputs including dependencies on enabling systems;
the influencing factors and constraints;

the system concerns with respect to reliability, availability, maintainability, security, safety,
information quality, health factors, survivability, electromagnetic compatibility, radio frequency
management and human factors;

project processes, activities, and tasks that will be accomplished;

how each applicable technical process will be accomplished and how each process connects (inputs

j)
k)
D)

and outputs data flows and sequencing) with other technical, project, organization andagreement
processes;

resources, methods and tools planned to accomplish the activities and tasks ©f,each dpplicable
process;

how required resources and tools will be acquired and used;

the organizing structure to be used for efficient and effective teamwork;

how the project will be staffed and managed;

key measures for product quality and how satisfaction will\bé.determined;

key intermediate events and how such event completiofirwill be determined;
when, where and by whom activities and events willbe completed;

the technical risks involved and how risks wilhbe managed;

potential opportunities and how the oppertunities will be identified and tracked;
the completion criteria for the process’activities;

the entry and exit criteria for re-performing each process; and

how completion will be determined.

NQTE Also relevant to the(project planning process are ISO/IEC/IEEE 24748-4:2016, Systems and software
erlgineering — Life cycle niagpdgement — Part 4: Systems engineering planning, 1SO/IEC/IEEE 24748-5:2017,

Systems and software engineering — Life cycle management — Part 5: Software development planning| 1SO/1EC/

F(

6{7.3.2 Application of Project Assessment and Control Process (6.3.2)

IEEE 16326:2009, Systems and software engineering — Life cycle processes — Project management, and ISO/IEC/
IEEE 15289:2017, SyStems and software engineering -- Content of life-cycle information items (documentation).

rmalized’methods for cost and schedule management exist. Examples include:

design-to-cost (used to establish a cost requirement equivalent to other system performance

3 L)
ITCTUUITTIIITIILS |,

event-based scheduling (used to establish events, such as milestones, significant activities and tasks
related to an event, and the criteria by which completion of activities or tasks are determined); and

earned value (used to define the budgeted cost of the work performed and make comparison to
the budgeted cost of the work scheduled and the actual costs of work performed to determine
estimates at completion and cost and schedule variances).

Appropriate analyses and assessments are conducted to determine:

a)

the continuing consistency and relevance of project plans (management and technical);
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b)

k)

The Projgct Assessment and Control Process should be used, to’select, assess and collect system and
process measures to provide information for support of project management. Specifically, it includgs
determining:

a)
b)
‘)
d)

Use of th¢ Project Assessment Process aids management decision making by providing information thiat
results fjom monitoring and analysing project work to determine:

a)

b)
c)

d)
e)

project technical progress using defined technical metrics based on estimated achievement and
milestone completion;

effectiveness of the project team technical roles and structure using where possible objective
measures such as technical achievement and efficiency of resource use;

the adequacy of team member technical competencies and skills to satisfy technical roles and
accomplish technical tasks;

the effectiveness and value of supporting training;

the gddequacy and availability of the technical infrastructure and services at defined intervals,fo
confirm that intra-organizational commitments are satisfied;

the quality and progress of the design of system, materials used, and enabling system séivices;

techpical variances with project estimates and identify variances to cost, ,availability anpd
perf¢grmance specifications;

the effectiveness of technical data gathering, processing and disseminationy

technpical variations between expected results and assessment results to'détect trends and identiffy
root causes; and

the quality of technical data gathered, the value of the information derived, its timelinegs,
completeness, validity, confidentiality (if required) and its bengfit to recipients.

progfess of the project;
information for risk resolution;
meaningful financial and non-financial performance; and

effeqtiveness and risk informationfor doing trade-off analyses and providing recommendations ¢n
actions to take and resulting impacts.

progress and achievement against plans (work productivity) and against technical requiremenits
(profluct qualityy);

adherence tapractices and procedures;

readness_to proceed to the next stage of the organizational view (through decision gates pr
milestoné reviews) or to the next level of the system structure;

effectiveness, risks and opportunities associated with alternatives available to decision makers; and

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

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

The outcomes of a productivity assessment (progress satisfying plans) provide status information to
enable efficient use of resources, evaluation of progress against plans, identification of variances of cost
and schedule from planned project baselines and early identification and resolution of productivity
problems.
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When variations are significant or cannot be corrected by re-performing the process tasks that
generated the outcome data, the project planning process is re-initiated in order to plan and implement
appropriate corrective actions.

Product measures assess progress and achievement against system and other work product technical
requirements. The Measurement process (6.3.7 from ISO/IEC/IEEE 15288:2015) is used so that:

a) measures are identified and used to assess the efficiency of the scheduled work. Example measures
include earned value (cost/schedule measure), amount of waste, number of engineering changes,
percentage of drawings completed, number of drawing errors, percentage of lines of code
Tompleted, Tework percentage, fdie time (for exampie Work I progress), Clange rate andjturnover
in personnel. The criteria for process measure selection are based on how well enhandement in
project performance correlates with improvement in potential customer satisfaction with respect
to cost, schedule and risk.

b) measures are defined and used and the data is gathered to permit assessment of fustomer
satisfaction.

Technical reviews, audits and inspections are conducted against technical plans in accordance with
dé¢fined schedules to demonstrate conformance of actions and outcomes'€e planned technical work.

Typical review objectives include determination of:

a)l system maturity and how well the solution satisfies requirenients;

b) traceability of requirements, the validity of assumptions/and decision rationale;
c)| identification of un-resolved issues and those issties not determined during project work;jand

d] related risks, needed resources and adequacy. of preparation for conducting the next system life-
cycle stage.

System-of-interest level reviews can be done in conjunction with an organizational view milestone,
d¢cision gate or quality review.

Npn-conformance of deliverable work products, services and processes should be recofded and
appropriate actions recommendéd to correct the out-of-conformance condition.

Use of the Project Assessmeirit'and Control Process aids the capture and management of outcomes from
pjoject management and'technical work including the redirection of that work to overcome ¢bstacles,
tg respond to changing circumstances or to correct variances.

6{7.3.3 Application of Decision Management Process (6.3.3)
The types of trade-off analyses typically performed during performance of life cycle processes include:

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

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

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

Trade-off analyses are conducted throughout implementation of project and technical processes to
resolve conflicts (such as conflicting requirements) and select a recommended solution from a set of
defined alternatives (such as optional actions to take for risk resolution, resolutions for requirement
conflicts, alternative logical architecture design solutions and alternative physical architecture design
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solutions). Outcomes from a trade-off analysis include the recommended option, implementation
considerations, impacts related to each option, basis of recommendation and assumptions made.

6.7.3.4 Application of Risk Management Process (6.3.4)

Risk management should not be viewed as an extra activity, as an activity layered on assigned work, or
as an activity outside a project’s responsibility.

Risk management is a general procedure for resolving risks. Risks are considered resolved when the
possible consequences are acceptable. Acceptable means that the project can live with the worst-case
outcome

Risk marjagement includes:

a) risk planning that includes preparing a risk management plan, which addresses the:
1) purpose of the risk management effort;
2) participants, their roles and responsibilities, and their training;
3) process, including work and review forums, and artefacts;

4) easures for reporting risks and for determining the overall efféctiveness and efficiency of the
isk management effort;

b) the risk management process, that addresses:

1) identification of risk to include sources and related iSsues, concerns, doubts, uncertainties apd
dssumptions;

2) gnalysisbased on established criteria to includeestimation of risk probability and consequences
and the prioritization of risks;

3) mlanning of alternative strategies for risk‘resolution, definition of a specific risk action plan fpr
gelected approach and establishmentof triggers (or thresholds) for taking risk resolution action;

4) 1esolution of risks by appropriately identifying triggers, implementing an action plan, repdrt
fesults and continuing planned actions till risk is acceptable;

5) fracking, to include monitoring risk status and comparing thresholds to risk status, using
triggers to provide early warning and reporting status based on risk measures; and

c) perigdic reassessment.of the risk management effort and measures to continually improve it.

Risk manpgement hasitwo dimensions of awareness — past and future. The past dimension of risk is bas¢d
upon pasf experiencé and includes benchmarking project measures and lessons learned, measuring actual
results wjith expeeted results, mapping available resources to requirements with respect to defining and
doing thg wofkyand implementation of the plan to produce the product. The future dimension is bas¢d
on transformation of the project vision into goals and objectives used for establishing plans and being
aware of the future fronT whicir Tisksanmd opportumnities are identified and thie ambiguities of avaitable
information and resources as well as the uncertainties uncovered during work.

Risk management tools include ones for:

a) risk identification — risk taxonomy, research, interviews, lessons learned, control charts, affinity
diagrams, interrelationship diagrams and system structure or WBS interfaces;

b) risk analysis — impact models, probability models, Gantt chart, impact distribution, risk coupling,
system structure or WBS interfaces, and iso-risk charts;

c) risk alternative strategy planning — iso-risk charts, lessons learned, risk leveraging, warrantees
and insurance;
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d) risktracking — technical performance measures, earned value, measures and risk watch list;

e)

risk resolution — impact model, risk watch list, risk template and risk management matrix.

There are three categories of risk to consider:

a)

project risk - organizational, operational, or contractual concerns including resource constraints,
external interfaces, supplier relationships, contractual restrictions, lack of organizational support
and vendor unresponsiveness;

K

process risk — planning, staffing, tracking, quality assurance and configuration management;

product risk — technical process implementation, work product characteristics, requirements
stability, design performance, complexity and test requirements.

sks can also be categorized based on the nature of their impact:
cost;
schedule;
technical.
sk resolution approaches may draw upon any combination of:
acceptance (live with it);
avoidance (eliminate);
protection (redundancy);
reduction (mitigation-risk management culture-do the right processes);
prevention (team activity-use integrated’ product teams);
anticipation (quantitative risk management measures, prioritize, proactive approach);

opportunity (look at good outcomes, not just bad ones, everyone’s responsibility, reduce|costs, do
better than planned);

research (more information);

reserves (contingency funding); and
transfer (to another person or organization).
by's to suceessful risk management include:

rightspeople. People communicate issues, concerns and uncertainties. It is essential to define
desired participation, ability and motivation.

e)

©
©

Tight process. PTOCesS (ransforms UNcertainty into acceptabie risk through Tisk management
activities including execution and definition.

right infrastructure. The organizational culture determines how projects use risk management.
The infrastructure is typically specified through appropriate policies and standards and includes
identification and dissemination of resources (staff, schedule, budget), requirements (contractual,
standards) and expected outcomes (cost, benefit).

right information. It is important that the information used to evaluate risks and the status of risks
is correct, reliable and timely.

right implementation. It is important to plan risk management and use the appropriate
methodologies to perform risk management on a specific project.
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Metrics are necessary to take a periodic look at the effectiveness and efficiency of the overall risk
management effort (separate from looking at the status of individual risks). This periodic assessment
should be done with project management and other senior stakeholders in the project or organization.

6.7.3.5 Application of Configuration Management Process (6.3.5)

Identifying what to control and to what degree different things should be controlled should recognize
the nature of the organization, its mission, customer expectations and legal and other constraints.

Assessments of risk from ISO/IEC/IEEE 15288:2015, 6.3.4, should be included in the change management
part of canfiguration management.

Supporting tool use should be considered at an early stage in developing the approach to configuration
managenment.

6.7.3.6 | Application of Information Management Process (6.3.6)

Informatjon management typically includes: planning information; requirements; progress statfis
reports; [review data package and other materials for or from acquirer, projeet management, and
technical reviews; design data and schema; lessons learned; the evaluation of input and output
informatjon quality; variances and anomalies from validations and verifications and other progregs
assessmdnts; data deliverables; approved changes; and work authorizations and work orders resulting
from mamagement decisions, planning, or approved changes.

6.7.3.7 | Application of Measurement Process (6.3.7)

System rheasures (also called product measures) are used)to assess stakeholder satisfaction and fo
deliver ap ever-improving value to the acquirers of project products and services. These measurgs
also are Indicative that the design process is continuing in the direction of an acceptable solution. An
example pf an input system measure is the quality of materials and skills of assigned project personnel.
Example$ of output measures include: customer_eomplaints, in-service failure reports and technidal
performgnce measures (TPM).

A TPM ig a measure used to assess desigh*progress, compliance to performance requirements, and
technical risks for critical performaneé_parameters. Selection of TPMs should be limited to critigal
technical thresholds or parameters that, if not met, put the project at cost, schedule, or performanfe
risk. A TEM provides an early warhing of the adequacy of a design in terms of satisfying selected critidal
technical parameter requirements.

The TPM includes the projected performance, such as a growth curve with thresholds of acceptalle
variance] Performance df the system or system element is tracked through the life cycle and compare¢d
to the prpjected and.required values. Early in the life cycle the performance values may be estimatgd,
based on|simulatiof’and modelling. As the life cycle proceeds, actual data replaces estimates and adgls
to the fidelity of.the information. This measurement of the design solution as it evolves allows action fo
be taken learly in the process, rather than wait until system testing to address.

Measures$ should be adapted to the organization and be limited to only those few at each level that are
truly incisive and that will actually be used as the basis for decisions.

The feasibility and effort to collect data should be considered carefully before implementing any
considerable measurement effort. The general recommendation is to use limited trials of a selected few
measurements, then slowly expand once the reality of obtaining the information and actually using it
for decisions is proven out.

Regular assessment of the utility of measurements is commonly overlooked. No measurement should
be taken as above challenge.

NOTE Refer to ISO/IEC/IEEE 15939:2017, Measurement process, for more specialized guidance and

requirements.
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6.7.3.8 Application of Quality Assurance Process (6.3.8)

The quality assurance strategy should emphasize applying quality assurance measures at the earliest
possible points in each life cycle process, as well as application of quality assurance measures at
significant points throughout each process, rather as use as quality assurance only at the end of each
process.

The quality assurance evaluations should include use of multiple methods of assuring quality.

Tools used in performing quality assurance should be evaluated for their limitations and constraints on
q H Lis Thaota e ol 14 L | i | Lot | s 1 Fopa | L £ i 1
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pfovide a dependable result in all cases

The results of applying quality assurance methods should be used as a significant inpyit to the
orfganizations knowledge management process.

Pé¢riodic reviews should be held of all incidents during at least the period that:
a)l] were deemed, individually, as not important enough to act on, or;

b) did not, individually, have enough information to allow them to beladdressed.
6{7.4 Application of technical processes (6.4)

6J7.4.1 General

ure 6 provides a model for the application of the Technical processes of ISO/IEC/IEEE 15288:2015.
This model includes only the technical processes£hat are primarily used for engineering 4 system-
offinterest. Three of the technical processes ar€ not explicitly shown in Figure 6: the Qperation
Process, Maintenance Process and Disposal Process. Those three processes are, however, discussed
6.7.4.5. Those three processes should be-used as appropriate to provide inputs to the Bujsiness or
Miission Analysis Process, or the Stakehsolder Needs and Requirements Definition Process, or both.
The requirements can be in the form ofi\acquirer requirements such as operability, supportability and
disposability or in the form of other/interested party requirements such as for enabling systems to
ptovide related services.

the discussions below on the technical process model for engineering a system, process application
1l be to a system whether'itis the top-level system-of-interest or one of the systems or system|elements
the system structure, or-dn enabling system. When a process application is relevant to just the system-
oftinterest or a system'element in the system structure, then specific terminology will be used.

Although a systém can be addressed over its full life cycle, it is common for projects to gpan only
portions of that\life cycle. For example, one project may analyse the business needs and stakeholders
a new ot/modified system, while a second project may define the system and yet a third project
sHould turn/the design into a realized system. With that in mind, application of technical processes to
a project.is covered in three clauses in this document. Subclause 6.7.4.2 discusses understanding the
n¢edAor a system, 6.7.4.3 covers system definition and 6.7.4.4 addresses system realization.

The Business or Mission Analysis Process, Stakeholder Needs and Requirements Definition Process
and System Requirements Definition Process are used, together with the System Analysis Process, to
gain understanding of the fundamental need for a system, its boundaries, and its stakeholders. The
Architecture Definition Process and Design Definition Process are used, together with the System
Analysis Process, to design the solution for each system in the system structure. Application of these
processes can be highly iterative in order to arrive at the desired design solution.

The Implementation Process, Integration Process, Verification Process, Transition Process and
Validation Process are used to realize the system design solution for each system in the system
structure. Application of these processes can be highly iterative, both for the system of interest and any
enabling systems.
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All of the processes described above are applied recursively to the system-of-interest and then its
systems from the top down until a system element can be implemented (for example built, bought,
reused) using the Implementation Process. This occurs when no further systems need to be developed.

NOTE See ISO/IEC/IEEE 24748-1:2018 Annex A for discussion of iteration and recursion.
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Figure 6 — Application of technical processes to engineer a system-of-interest

Each process of this model is described below with guidelines intended to help use of these processes.

6.7.4.2 Related technical processes for understanding system needs

6.7.4.2.1 General

The Business or Mission Analysis Process, Stakeholder Needs and Requirements Definition Process
and System Requirements Definition Process should be used in conjunction with the System Analysis

Process to create understanding of the fundamental problem to be addressed, along with its boundaries,
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stakeholders, their needs and possible directions for a solution, for a system from the top-level system-
of-interest down through the lowest system element level of the system structure. Processes for system
definition are covered in 6.7.4.3.

6.7.4.2.2 Business or Mission Analysis Process (6.4.1)

The Business or Mission Analysis Process should first carefully define the problem to be solved for the
organization, and the reasons why it is beneficial to the organization to resolve the problem, before
effort is put into any selection of a specific solution. Instead, this process should be used to compare
' ' ' ' ing of the

siness or mission problem has been obtained through such things as:

a)| soliciting and analysing feedback on current and projected results compared tocwhat i desired
from a strategic business or mission viewpoint;

b) consideration of the organization’s current and planned portfolio and reseurces, particylarly the
mix of positive and negative impacts that can result from changing the current direction;

c)] athorough assessment of risks and benefits associated with followingthe possible solution avenues
(or making no change at all); and

d] identification of relevant stakeholders and their involvementfrem the start of the applicatjon of the
Business or Mission Analysis Process.

The Business or Mission Analysis Process is usually appliedmost intensively during the Concg¢pt Phase
off a system’s life cycle. However, as with all ISO/IEC/IEEE 15288:2015 processes, it can be invoked at
any stage, by itself or in conjunction with other procésses, especially the System Analysis Process and
the Decision Management Process. The Business orMission Analysis Process applies to both tHe system
offinterest and any enabling systems.

The organization should consider obtaining independent outside as well as inside views and expertise
td support the Business or Mission Analysis-Process for the business as well as enabling systiIns.

The Business or Mission Analysis Pro¢ess should be repeated on a periodic basis, and perfornied on an

ad hoc/as needed basis to respond to'changes in internal and external factors.
Concept applicability and impagct should be considered across stages as well as within any particylar stage.

The linkage between thée prganization’s Business or Mission Analysis Process and its Knowledge
Mpnagement Process from ISO/IEC/IEEE 15288:2015,6.2.6, should be thorough and explicit.

6/7.4.2.3 Stakeholder Needs and Requirements Definition Process (6.4.2)

The Stakehglder Needs and Requirements Definition Process can be used to identify, collect and
appropriately define stakeholder needs and then use them to develop stakeholder requiremgnts. The
aqquirer;and other interested parties together form the stakeholders related to the syst¢m being
enpgineered. The acquirer provides the initial set of needs and requirements for each systgm in the
system structure. Other interested parties typically provide additional needs and requirements that
can influence the understanding of the system and the eventual design solution. Examples are given in
the list below:

a) interfaces with associated enabling systems or interfaces with other systems in the intended
operational environment;

b) critical factor needs such as safety, security, producibility, reliability, availability, usability and
maintainability; and

c) operator and user need, skills, competencies and working environments.

The resulting set of stakeholder needs and the stakeholder requirements derived from them represents
a collection of requirements placed on the engineering of a system. These stakeholder requirements
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include the functions, as viewed by the stakeholders, that are required to be performed, how well they
should be performed, the environment in which they are to be performed, any required characteristics
of the system, and any service related to enabling systems. To help ensure that all possible sources
of stakeholder requirements have been considered, all the processes in ISO/IEC/IEEE 15288:2015
should be examined. So, as specific examples, the appropriate activities of the Implementation Process,
Integration Process, Verification Process, Transition Process, Validation Process, Operation Process,
Maintenance Process and Disposal Process can each generate requirements, as perceived by specific
stakeholders, otherwise overlooked that will influence the system being engineered. Likewise, the
activities of non-technical processes should also be examined to see if they generate stakeholder
requirements,

After thg set of stakeholder requirements is defined, upward and downward traceability (pr
completegness and consistency checks) between the stakeholder requirements and stakeholder
needs shiould be performed to confirm that no requirements have been omitted or added-withoput
accountapility.

The set of stakeholder requirements is the basis for performing the Validation Processafter the system
has been|implemented or integrated and verified. It is important to take into accountthe requiremer:lrs
for the ¢peration of the system and the business when addressing the Stakeholder Needs and
Requirements Definition Process.

Stakeholgler requirements constitute the raw inputs into establishing the-problem to be solved (ndgw
system doncept or modified system based on deficiencies, failures-and other anomalies discover¢d
during uge).

The acquiirer stakeholder can be internal to the organization (for example another project, marketing
organizafion, parent product team, the product team ifself, user, operator, executive managgr,
supervispr), or external to the organization (for example,a procurement agency, prime contractgr,
another ¢rganization, customer, user, operator, owner,.purchaser).

A user is|a special case of the acquirer stakeholder,who operates a system (for example computer) pr
who installs a system (for example software) to.form a higher-level system (for example a computer pr
a microchip) in the system structure.

Interesteld parties are also referred to as “other stakeholders,” or parties other than the acquirer
intereste[d in the outcome of the engineering or reengineering work. Other interested party
requirenjents, not necessarily provided by the acquirer in the agreement, include:

a) orgahizational and project‘requirements such as those that deal with system markets and
orgahizational processes;

b) envifonmental, local; hdtional, and international regulations and laws; and

c) functional support requirements for system development and integration, production, test,
operptions and logistics (deployment, training, maintenance, and disposal).

Stakeholgler nieeds are generally expressed as statements like “here is what I want done.” The statemept
may, butfoften does not, initially say why the stakeholder has that need. Stakeholder needs elicitatign
generally will take a number of iterations for several reasons:

— the stakeholder need may become clearer after the need has been formally stated and then
questioned by others;

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

— developing stakeholder requirements from the initial stakeholder needs may raise questions, leading
to re-examination and changes in stakeholder needs that then flow back into revised stakeholder
requirements.
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A requirement is typically made up of what has to be done (a function) and how well it has to be done.
A function is typically a statement with an actor (noun), an action (verb), and an object (noun) of the
action. For example, “The actuator (actor) opens (action) the door (object) within 10 seconds.”

A requirement can also be non-functional, i.e., a design constraint, such as weight or colour.

This process includes activities and tasks performed by or for a supplier in the capture and expression
of requirements to be met and goals to be pursued in the supply of the system and related services.

Cost may be a requirement stated as a fixed cost (independent variable) or maximum cost (constraint).

This process involves assuring that requirements for downstream system life cycle-|concerns
[droduction, test, operations and logistics (deployment, training, maintenance, disposalj] [affecting
system functionality are identified.

The context of use description is a collection of information about the physical, %echnical, spcial and
cyltural elements surrounding a system and an analysis of how these affect {or will affect) how the
system is used. The context of use description is a useful collection of suppofting informatjon when
pfeparing the system user and operational requirements. It provides guidance on how and where a
system will be used to the designers of the system in considering desjgn alternatives. It is a reference
dgcument for the design of validation activities for a system (see ISO/IEG/IEEE 15288:2015, 6.4.11). Itis
the most detailed source of information about the users of the system and their working envjronment
and is used as the primary guideline when selecting users for trials’and tests.

NOTE See ISO/IEC 25063.3:2014, Systems and software engineering — Systems and software prodyct Quality
Rdquirements and Evaluation (SQuaRE) — Common Industry Format (CIF) for usability: Context of use description,
fof more information on defining and analysing context of use.

It[is usually not possible to meet all stakeholderAacquirer and other interested party) requlirements
for a particular system since various stakeholders can have conflicting requirements relatiye to one
a(Iother. These conflicts should be identified and resolved during the performance of this progess, or as
sqon as a conflict is identified during activitiés or one of the other technical processes. The effeftiveness
agsessment, trade-off analysis and risk analysis activities should be used to resolve conflicts.

Measures of effectiveness (MOEs).should be explicitly identified for each system in the system
structure. An MOE is an “operational” measure of success that is closely related to the achieyement of
the operational objective being evaluated, in the intended operational environment under a [specified
sgt of conditions; for examplé;how well the solution achieves the intended purpose. MOEs, which are
sthted from the user/customer viewpoint, are the customer’s key indicators of achieving the gbjectives
for performance, suitability, and affordability across the life cycle.

The stakeholder requirements are the basis for validating the implemented or integrated syst¢m that is
d¢veloped using the technical processes.

Requirements- traceability is initiated at this point for tracking requirements and chpnges to
rgquirements from the stakeholder initial inputs through architecture design.

6{7.4.2.4 System Requirements Definition Process (6.4.3)

Stakeholder requirements are stated from the point of view of the various stakeholders, and are
not stated from the point of view of the system that responds to them. Accordingly, the stakeholder
requirements tend to be stated more from a user or an operational point of view rather than being
stated in technical terms and consequently are often not directly usable for architecture definition
and subsequent system design. The System Requirements Definition Process can be used to perform
an analysis of the stakeholder requirements and transform the stakeholder requirements into a set
of usable system requirements. This includes the identification and analysis of external interface
requirements, as well as the quantitative and qualitative statements of the system’s functional,
performance, process and non-functional (e.g. thermal, reliability, finish, etc.) requirements and the
constraints on them.
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The resulting set of system requirements should be checked for upward and downward traceability to
help ensure that no stakeholder requirement has been omitted, that all stakeholder requirements have
child technical requirements, and that all system requirements have a parent stakeholder requirement.
The resulting set of technical requirements should be checked for compound requirements containing
multiple parts, which should then be decomposed into individual requirements.

The System Requirements Definition Process should be applied to some extent during the Concept
Phase of a system’s life cycle, once the Business or Mission Analysis Process and Stakeholder Needs and
Requirements Process have set some basis for doing so. The most intensive application of this process
is generally during the Development Stage. However, as with all ISO/IEC/IEEE 15288:2015 processes,
it can belinvoked at any stage, by itself or in conjunction with other processes, especially the System
Analysis [Process and the Decision Management Process. The System Requirements Definition Precefss
applies t¢ both the system of interest and any enabling systems.

The fundgtional boundary applies to systems that provide services as well as those @onsisting jof
products

The functional boundaries of any enabling system should also be established.

Requirements management is done in parallel with cost, schedule, quality,configuration, interfade,
risk and|change management activities that track compliance of project agreement and technidal
requiremnjents.

6.7.4.2.5| System Analysis Process (6.4.6)

The System Analysis Process is used throughout the application of the Business or Mission Analydis
Process, ptakeholder Needs and Requirements Definition Process and System Requirements Definitign
Process for understanding system needs. However, singenit is equally used for the definition of the
system splution, described in the next subclause, discussion of the System Analysis Process is deferr¢d
to 6.7.3.4

6.7.4.3 |Related Technical processes for defining the system solution

6.7.4.3.1] General

The Archjitecture Definition Processiand the Design Definition Process should be used in conjuncti¢n
with the Pystem Analysis Process-to-define specific, realizable solutions for a system from the top-leyel
system-of-interest down through-the lowest system element level of the system structure. Processes
for system realization are covered in 6.7.2.4.

6.7.4.3.2| Architecture-Definition Process (6.4.4)

The Architecture-Définition Process is used to take the first step in translating a set of requirements
into an agtual tesponse, i.e. arealized system. While it does not design the response in detail, it providgs
various yiews and models of what the response should look like to satisfy the requirements. While
architecting apphes to all types of systems an analogy with archltectmg a bulldlng is useful a bu1ld1 g
architectur ' |
the building and look at it from various viewpoints. The archltecture can demonstrate "how various
requirements can be met, though it does not show in detail how the requirements can be met. That is,
it is not a detailed design. The design arises through the application of the Design Definition Process.
In practice, the Design Definition Process and Architecture Definition Process interact with each other
iteratively: it may be necessary to develop design detail from a specific viewpoint to assure that an
assumed architecture does indeed respond to a particular stakeholder’s requirements.

The Stakeholder Needs and Requirements Definition Process and System Requirements Definition
Process can be applied again, as necessary, to refine the requirements for the architecture definition.
Factors that can cause this iteration include identification of a need for new stakeholder requirements
during architecture definition or the failure to satisfy an upward and downward requirements
traceability check.
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Two of the possible outcomes from architecture definition are, either the requirements for

the next

lower level systems or system elements, or the requirements for enabling systems, or both. The systems
or system elements at the next lower level of the system structure should then be integrated into the
overall architecture and set of system and stakeholders requirements through one or more iterations of

the processes listed previously in this subclause.

Existing system elements, or the introduction of new technology, should be considered in establishing
the system architecture. The use of existing systems helps reduce developmental time and cost but may
increase complexity. Use of new technologies can provide a competitive edge but can also increase risk.
In such considerations, new interfaces may be introduced and should be included in the set of system

rgquirements through iteration of the System Requirements Definition Process.

Sipce the Architecture Definition Process follows the processes that build understanding.of th
and precedes the processes that define and implement, it is in a key position to build-gn‘what
done before and provide a basis for what is to happen next. Based on experience with'the prig
off ISO/IEC/IEEE 15288, it has received additional emphasis in the 2015 versionofASO/IEC/IE

e system
has been
r version
FE 15288

by being identified as a separate process, no longer merged into design. Conseguently, users of the new

vgrsion of ISO/IEC/IEEE 15288 should take particular steps to obtain the resources and exj
inpiplement this process thoroughly.

Architecture definition is concerned with developing potentially \feasible solutions for t
d¢rived system requirements, as assessed from multiple viewpoints, and assuring systenm
cqnfiguration integrity throughout utilization and support stages. The completed architectu
b¢ used throughout the system life cycle to predict and tragkfitness for use and for assessing
tg the system.

Logical architecture definition includes looking <at various logical decompositions ai
rgpresentations of system requirements. There is no.set format or form for the various represe
The format or form selected is that which best:defines the functional, behaviour or data floy
stiructure, as appropriate, and that allows best assignment to potential physical elements

I arriving at an architecture definitieh solution that involves humans and human constra
aq physical space limits, climatic limnits, eye movement, arm or finger reach, information 1
erjgonomics should be considered..Also, human usability factors should be analysed. These fact
hyman interactions with other, systems and human interfaces to the system throughout the sy

Sqale models, purpose models, behavioural models, mathematical models and managerial mod
uged during architecture définition to develop and communicate candidate solutions. The spe

Dpring architectupe definition, it can be necessary to repeat the Stakeholder Needs & Requ
Definition Precess and System Requirements Process, if it is determined that requirement
b¢ met because of unresolved issues related to the solution factors (see architecture design
oytcomes).or adverse cost, schedule, performance or risk impacts for available alternatives.

Inf détermining the preferred architectural candidate, analyses of each alternative is made

ertise to

he set of
concept
re should

changes

nd other
ntations.
v or data
, manual

operations or enabling systems for generating alternative physical architecture design solutions.

ints such
ates and
brs affect
stem life.

bls can be
cific type

mjodel depends on theapplicable organizational view stage, its purpose or agreement requirements.

irements
S cannot
expected

with the

follawfing considerations:
a) physical interfaces (human, form, fit, function, data flow and interoperability):
1) among identified physical elements of the physical design solution;
2) with other system elements of the system structure;
3) with enabling systems;

4) with external systems;

b) the variability and the sensitivity to variability for each identified critical performance parameter;
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c) technological needs necessary to make alternative solution effective, the risks associated
with introduction of new or advanced technologies to meet derived technical requirements
and alternative lower-risk technologies that can be substituted for unacceptable higher risk
technologies.;

d) availability of off-the-shelf end products (non-developmental hardware or reusable software). If
not exactly suitable, determine the cost and risks in modifying an off-the-shelf system element to
satisfy design and interface requirements;

e) effect of design considerations to maintain or make a physical solution alternative competitive
with[potentiat or ex{sting competitor products;

f) further design efforts that can be needed to accommodate redundancy and to support graceful
degrpdation when the results of failure modes, effects and criticality of failure analyses lave an
unadceptable or high criticality rating;

g) degrpe to which the performance of the derived technical requirements are satisfied by each
alterjnative physical solution;

h) degrpe to which attributes of security, safety, producibility, testabilityy €ase of deployment,
instdllability, operability, supportability, maintainability, trainability and'disposability are capable
of befing designed in;

i) needs, requirements and constraints for enabling systems;

j) capafity to evolve, or be re-engineered, incorporate new. technologies, enhance performange,
incrgase functionality or other cost-effective or competitive)improvements, when the system is [in
production or in the marketplace;

k) limitptions that can preclude the capability of the system-of-interest or system element and related
services to evolve (technology refresh or technology insert);

1) advantages and disadvantages of implementing the system element or of doing integration withiin
the grganization or going to an establishedsupplier;

m) advantages and disadvantages of using standardized system elements, protocols, interfaces and
so forth;

n) integration concerns that caninclude:
1) Iotential hazards toether systems, operators or the environment;
2) built-in test andAfault-isolation test requirements;

3) ¢ase of aceéss, ready disassembly, use of common tools, part count effect, advantage |of
Ilodularity, standardization and less need for cognitive skills; and

4) dynamic or static conflicts, inconsistencies and improper functionality of the integrated

¢léments that make up the solution.

It also can be necessary to re-engineer the selected system architecture for systems or the system-of-
interest higher in the system structure than the one being engineered or re-engineered.

The baseline description of the selected architecture is used for configuration management of the
system-of-interest or system element.

The results of the Architecture Definition Process may be captured in an architecture description as
defined by ISO/IEC 42010:2011, Systems and software engineering — Architecture description. In this
case "Stakeholders and concerns" as defined by ISO/IEC 42010 are likely to be produced during the
Stakeholder Needs & Requirements Definition Process and System Requirements Definition Process.
The representation of an architecture solution as described here should probably be represented as a
"Design view" or "Functional view" associated with a Functional viewpoint that is consistent with the
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requirements of ISO/IEC/IEEE 15288:2015. The using organization may establish other architectural
views: ISO/IEC/IEEE 15288:2015 should not be interpreted as mandating a single architectural
viewpoint and view.

6.7.4.3.3 Design Definition Process (6.4.5)

The Design Definition Process transforms the set of stakeholder’s requirements that have been
translated into system requirements and allocated to a system architecture into a fully detailed set
of system 1nformat10n that can then be 1mplemented w1th spec1f1c hardware, software etc. Following
3 proposed
ucture, and any models and translate them 1nto a full set of blueprmts with all details on dithensions,
aterials, critical characteristics, etc.

The Design Definition Process continues until the implementable level of detail i§)achieved for the
system of interest down to the lowest system element, including all enabling systems. As|with the
other ISO/IEC/IEEE 15288 processes, iterative and recursive use of the Design Definition| Process,
d application of other ISO/IEC/IEEE 15288 process will occur as needed; Throughout, the System
Analysis Process should be used to support the Design Definition Processs

Examples of the results of applying the Design Definition Process are:

a)l a functional flow block diagram reflecting the decomposition-of major functions into their sub-
functions;

b) a data flow diagram that decomposes functions while‘explicitly showing the data needed for each
function;

c)] a data structure with corresponding function9 and processing flows related to the data and
associated with assigned technical requirements;

d] interface definition documents with logical, physical and functional attributes of system element
and system to external system boundaries delineated;

e)] abehavioural diagram that describes input stimuli and outputs by function and includes ¢perating
order, as appropriate to input etyoutput criteria;

f)] acontrol diagram that indicates the controlling factors of a function and the resulting behaviour;
g) the states and modes(of the system;
h) atimeline that allocates a time requirement to a set of functions;

i)| a functionalfailure modes and effects table that indicate the possible effects of a functign failure
mode, suchia’s not doing what it is designed to do or doing a function for which it not expected to
perform¢ Possible resolutions for each failure mode should be generated;

j)| objects that encapsulate a partition and mapping of technical requirements and |that are
characterized by services (behaviours, functions and operations) provided by encgpsulated

atfvibutnc ("ralunc’ (‘h:\r‘a(‘tnrictit‘c and dafn);

k) asetofalgorithms derived from contextual diagrams; and

1) an IDEFO (Integration Definition 0) diagram. IDEFO modelling is designed to represent the
decisions, actions, and activities of an existing or prospective organization or system.

NOTE See IEEE Std. 1320.1, IEEE Standard for functional modelling language — Syntax and semantics for
IDEFO for more information.

The features incorporated in the system design should be checked for upward and downward
traceability with respect to the set of system requirements generated by the System Requirements
Definition Process. Each feature should in turn be traceable to one or more stakeholder requirements.
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Design features that are not specifically supported by documented and previously agreed requirements
should be eliminated from the system.

The recursive application of the Stakeholder Needs and Requirements Definition Process, System
Requirements Definition Process and Architecture Definition Process is shown in Figure 7 as the loop
identified as the flow down of acquirer requirements for each level of the system structure. For each
system or system element of the system structure that has to be developed the Stakeholder Needs and
Requirements Definition Process, System Requirements Definition Process and Architecture Definition
Process should be applied. Other interested party requirements should also be determined in order to
form the input set of stakeholder requirements for each system or system element at the next level of
the system structure.

The recufsive loop of Figure 7 is continued until all system elements of the system structure have be¢n
defined 4dnd no additional systems or system elements need to be developed. System elements cqn
occur at any level x of the system structure. At each level x, when no further developmentijsnieeded fpr
a system|in the system structure, the next set of processes for system realization should\be performed.
This is aip example of the recursive application of technical processes to enhance the(sop-level systein-
of-intere$t definition by defining its lower level systems and system elements. The’top level for one
organization can be the system that will be purchased by a consumer in a commeércial market, such as
an automobile. The top level for another organization can be a system within the’system structure sutch
as a motqr that will be assembled into the automobile by another organization.

Also, at any level, a system element can be identified as having a unigue'standard that may be used fpr
implementation of that system. This is illustrated in Figure 7 for software using ISO/IEC/IEEE 12207

The recutsive application of the first three processes of Figure 7dsrepeated within the system structufe
until the [mplementation Process can be applied to every syStem element, down to the lowest level, fpr
the system of interest and any enabling systems. At this pint the system is fully designed.

The requjirements for enabling systems come from:

a) userjor customer or assigned requirements and-other stakeholder needs for the system and;

b) derived technical requirements for systems and generated applying the Architecture Definitipn
Procpss. Thus, initiation of enabling\system development or procurement (a function of the
projgct’s system boundary) is dependent on the completion of the architecture definition soluti¢pn
for the system being engineeredlor re-engineered and also the applicable system life cycle stage
and felated engineering view.agctivity or organizational view stage.

=

P

The Stakeholder Needs & Requirements Definition Process, System Requirements Definition Procefs
and Architecture Definition‘Process are also used for developing enabling system solutions after the
requirenjents for such deyelopment are identified and defined as a result of defining the system-of-
interest ¢r system elefnent being developed. Enabling system development or procurement of enabling
systems |s applicable-for each system -of-interest and system element in the system structure.

The defined system requirements are appropriately allocated to the generated logical architectufe
definition representations. From the various representations, a set of derived requirements [is
generatefl that is used for design definition. There can be unassigned requirements after this allocatign
is completed. These are assigned directly to alternative design solutions.

In allocating logical representation requirements and derived system requirements the following are
considered as to whether they provide requirements that can best be done:

a) by enabling systems associated with development and integration, production, test, operations,
support or retirement;

b) manually or by facilities, material or data; and

c) by hardware, software and firmware physical element (new or existing).
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The Stakeholder Needs & Requirements Definition Process, System Requirements Definition Process
and Architecture Definition Process are repeated for each successive lower level in the system structure
until specified requirements for all system elements have been defined or until the defined system
element can be built, reused or purchased. If further development is required for a system element, the
development can be undertaken using an appropriate system element development standard such as
ISO/IEC/IEEE 12207 for software.

In arriving at a design solution that involves humans and human constraints such as physical space
limits, climatic limits, eye movement, arm or finger reach, information rates and ergonomics should be
considered. Also human usability factors should be analysed. These factors affect human interactions
wijith other systems and human interfaces to the system throughout the system life.

The specification (specified requirements) generated by architecture definition can establish a specific
lepel of required system performance without saying how that performance is to beyachieved. This is
termed a performance specification (although performance-focused should be a moré accurdte term).
If[the result of the architecture definition goes into more detail, including specific ways in which the
pérformance should be achieved, this is termed a detailed design. Which kind|is'generated is generally
d¢pendent on the next step in development or how they will be used. If the next step is develgpment of
a Jower level system and it is desired that the supplier have flexibility tg be’innovative in proyiding an
adceptable solution, performance specifications are used. Performance’specifications are usefl when it
islappropriate to state requirements in terms of:

a)| the required results without stating the method for achievingthe required results;

b) function (what should be accomplished) and performance (how well each function should be
performed);

c)] theenvironmentin which the system-of-interest or system element should perform these functions;
d] theinterface and inter-changeability characteristics; and
e)] the means for verifying compliance.

Detail specifications should be used when it is appropriate to state design requirements in terms of one
o1 more of the following:

a)l] material to be used;
b) how arequirement should be achieved; and
c)] how a system should be fabricated or constructed.

The initial or “design to” specifications provide the input acquirer requirements for [nitiating
d¢velopment of\the systems. These initial specifications are finalized after the Stakeholder|Needs &
Requirements-Definition Process, System Requirements Definition Process and Architecture Definition
Process .are progressively and iteratively applied to each level system elements. Specjfications
d¢scribe.the required characteristics of systems in the system structure and include the flinctional
and performance requlrements lnterface requlrements the env1r0nments in which the sygtems are
S a evaluating
verlflcatlon and vahdatlon test systems the methods for verlfylng compllance 1ntended uses and
enabling system requirements.

6.7.4.3.4 System Analysis Process (6.4.6)

The System Analysis Process is used throughout the application of the ISO/IEC/IEEE 15288 processes
described in 6.7.4.2 for understanding system needs and is similarly applied throughout the use of the
processes described in 6.7.4.3. The user, and indeed all stakeholders in the system of interest, should
assure that their System Analysis Process includes:

a) analytical methods adequate to address all of the types of analyses that may be required throughout
the application of ISO/IEC/IEEE 15288 processes;
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f)
g)
h)

Resulting sets of architecture definition solutions and related derived requirements should be evaluat¢d
to show as applicable that each set of derived requirement statements for the solutipn‘has acceptaljle
quality t¢ include:

a)

b)

explicit steps to identify and validate analysis assumptions;

techniques that inherently provide a range of possible responses, rather than single point solutions;

methods to assess risks of the analyses and their results;

outputs that clearly communicate analytical results to all types of stakeholders who may have an
interest in those results;

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

metHods to capture, accumulate, and retrieve, knowledge of current and prior analyses; and

human resources who have a deep understanding of the inherent limitations and fallacies of'system
analysis.

confifrmation that intended functions of the system and related services feXpressed by the derived
requjrements and requirements allocated directly to the candidate ‘architecture solution) a
corr¢ctly implemented;

systdm and related services constraints, including interfaces, aré satisfied;

resolution of identified voids, variances, and conflicts including:

1y
2)

3)

4)

5)

6)

e-write of derived requirements to be of acceptablequality;

¢onfirmation that appropriate action has beén taken when the specified requirements a
mot upward traceable to the set of derived‘tequirements driving the candidate architectu
golution and the requirements allocated diFectly to solution physical entities;

takeholders;

mitted derived requirements have been added to the candidate architecture solution wh

erived requirements were'determined to be inadequately reflected in the selected candidate

rchitecture solution;

identification andrecording of actions taken to eliminate non-sourced specified requirement
o establish the)correct set of derived requirements or to revise the set of validatg
equirements;

roof that re-verification of the specified requirements has been done when a change
eeded\to the set of validated requirements and that the appropriate activities and tasks
he requirements analysis process and architecture definition process were re-performed,

e

determination whether non-sourceds(orphaned) specified requirements were introduced,
Wwhether they were intended to bedincluded and whether they are desired by appropriafte

re

re
re

En

g

d

©
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of

nironriate: and
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7) proof that re-verification tests were repeated when test outcome variations and anomalies

were traced to poor verification conduct or to inadequate verification environment.

Each requirement statement should be validated for the following quality attributes:

a)

b)

<)

50

ability to preserve competitiveness — permits preservation of a competitive stance and is only as
constraining on competitive stance as is justified by benefits delivered by requirement;

clarity — requirement statement is readily understandable without analysis of meaning of words
or terms used;

correctness — requirement statement does not contain an error of fact;

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


https://iecnorm.com/api/?name=d23365fe460006b8dcceefd32e9295b8

d)

f)

g)
h)

)
k)

D)

R
1)

ISO/IEC/IEEE 24748-2:2018(E)

feasibility — requirement can be satisfied within:

1) natural physical constraints;

2) state of the art as it applies to the project and;

3) all other absolute constraints applying to the project;

focus — requirement is expressed in terms of ‘what’ and ‘why’ or form, fit and function, not in
terms of how to develop the products or the materials to be used — detailed requirements that are

implementability — requirement statement contains information necessary to enable'requi
to be implemented;

modifiability — necessary changes to a requirement can be made completely and consistgntly;

removal of ambiguity — allows only one interpretation for meaning of* the requirement, for
example not defined by words or terms such as ‘excessive, ‘sufficient’ and/resistant’ that ¢annot be
measured;

singularity — requirement statement cannot be sensibly expressed as two or more requirements
having different agents, actions, objects or instruments;

testability — existence of finite and objective process with which to verify that the requirement
has been satisfied;

verifiability — can be verified at the level of system structure at which it is stated;

abstraction — the correct level of abstractien for the organizational view stage and maturity of
the system.

bquirement statements in pairs and sets should be validated for the following quality attributes:

absence of redundancy — each requirement is specified only one time;

connectivity — all terms within‘a requirement are adequately linked to other requiremerjts and to
word and term definitions so‘that individual requirements relate properly to other requirements
as a set;

removal of conflicts =Tequirement is not in conflict with other requirements or within itjself.
help ensure achievability of requirements the supplier should consider:

existing systeém elements such as commercial-off-the-shelf, known as COTS, that can help reduce
developmeiit time and cost but may increase complexity;

intreduction of new technology that can provide a competitive edge;

possible physical solutions; and

d)

new interfaces that can be introduced.

The resulting set of requirements is validated as being necessary and sufficient for designing the
system-of-interest architecture design solution. This includes as appropriate:

a)

b)

A

downward traceability of the validated set of stakeholder requirements to the set of defined
technical requirements;

upward traceability of the individual technical requirement statements, from the set of defined
technical requirements, to the validated sets of stakeholder requirements;

confirmation that assumptions and derived requirements are valid and consistent with the system
and related services being engineered or re-engineered;
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d) resolution of identified voids, variances, and conflicts including:

1) confirmation that appropriate action has been taken when the set of defined technical
requirements is not upward traceable to the validated set of stakeholder needs;

2) determination whether non-sourced (orphaned) requirements or constraints were introduced
and whether they are desired by appropriate stakeholders;

3) omitted requirements are added to the set of defined technical requirements, as appropriate,
when stakeholder needs are not adequately reflected in the set of defined technical

nealilramantc: o

4)

q
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roof that re-validation of the set of technical requirements has been done when a change
eeded to one of the validated sets of stakeholder needs and that the appropriate activiti
nd tasks of the stakeholder needs definition process and requirements analysis praeéss we

Related Technical processes for system realization

General

processes for system understanding and definition are covered in 6.7.4.2 and 6.7.4.3. Tl

should be used to realize the architecture design solutionfor each system in the syste

stem structure is complete. Then the bottom~iip; recursive application of the Integrati
Verification Process and Transition Process<should be performed from the lowest level

m structure to the highest for each system‘and for the system-of-interest. Each implements
rated system element should be verified@sing the Verification Process before integration
d at the next higher level of the system.structure. Commonly, a final validation is done aft
n and on a system basis. However, each system implementation should be evaluated for §
hte validation strategy.

Implementation Process!(6.4.7)

bmentation Process canibe used when further development of a system element is not neede
int the system element'defined as part of an architecture design solution can be implementg
ementation Process'should be used to transform such system element definitions into produg
es appropriate o the applicable life cycle stage. The implemented system element can be eith

asingle g
to be ap

Aspects fo conSider in forming the implementation strategy include:

a) whetherimplementation produces a novel system element, or a system element that is reproduce

roduct or a cOomposite product depending on its position in the system structure and its abili
opriately(modelled, built, bought or reused.

htation Process, Integration Process, Verification Process, Fransition Process and Validatign

from the bottom system element to the top-level system-of-interest of the system structurg.

system elements of the system structure are appropriately implemented, the definitiIn
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according to existing design and implementation data or is an adaptation of an existing system

elem

ent;

b) standard practices that govern the relevant implementation technology, technical discipline or
product sector;

c) safety, security, privacy and environmental factors;

d) implementation location and environment;

e) implementation skills, their availability and sustainability;

f) the materials selected for fabrication, consumable materials and by-products;
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g) operator characteristics; and
h) period over which repeated instances of implementation is required.

Any system element can be modelled based on the maturity of its definition as well as the applicable
organizational view stage, milestone or decision gate and associated exit criteria.

The system element is either a single product (for example component or part) or composite of products
(for example subassembly, line replaceable unit) depending on its level in the system structure and its
ability to be built, purchased or implemented using a standard such as ISO/IEC/IEEE 12207.

Sylstem elements consisting solely of hardware items can be:
a)l purchased off-the-shelf from a supplier or vendor;

b) fabricated in-house; or

c)] from in-house, off-the-shelf supply.

System elements consisting solely of software items can be:
a)l purchased from a supplier or vendor;

b) coded in-house; or

c)| reused.

System elements that are composites of hardware and software, but exist as off-the-shelf iten}s, can be
purchased from a supplier or reused.

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

The implemented system elements-are verified using the appropriate process prior to delivery to an
adquirer. Validation can be performed before delivery or prior to completion of the integration process
bgsed on agreement requiremefits.

The “as-built” configuratiehshould be recorded and maintained throughout the system life cygle.

6/7.4.4.3 Integration Process (6.4.8)

The Integration Rrocess can be used after the lower level system elements have been implemgnted and
de¢livered to the'integrator responsible for integration into a system at the next level above. Infegration
off the systemielements may be performed by the same party that performed the implementation or
by the acquirer. The implemented system elements are assembled and integrated into a higher-level
system jn accordance with the configuration descriptions developed during the top down definition
and demgn of that system This newly integrated system 1s verlfled usmg the Verlflcatlon Process,

' ' using the
Validation Process. This bottom -up integration of systems is contmued until the top- level system-of-
interest is realized using these same processes.

The integration strategy should address all possible elements of the system. So, specific consideration
should be given to all services and products that are elements of the system and which can be composed
of a combination of hardware, software, data, humans, processes (e.g., processes for providing service
to users), procedures (e.g., operator instructions), facilities, materials and naturally occurring entities.

The integration strategy should include measures to assess all interfaces after each stage of integration
to check for and address possible changes.

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved 53


https://iecnorm.com/api/?name=d23365fe460006b8dcceefd32e9295b8

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Overview of ISO/IEC/IEEE 15288:2015
	4.1 General
	4.2 Structure of ISO/IEC/IEEE 15288:2015
	4.3 Context of ISO/IEC/IEEE 15288:2015
	4.4 Comparison of ISO/IEC/IEEE 15288:2015 to prior versions
	5 Application concepts
	5.1 Overview
	5.2 System concepts
	5.3 Life cycle concepts
	5.4 Process concepts
	5.5 Organizational concepts
	5.6 Project concepts
	6 Applying ISO/IEC/IEEE 15288:2015
	6.1 Overview
	6.2 Application strategy
	6.2.1 Overview
	6.2.2 Planning the application
	6.2.3 Conduct pilot project(s)
	6.2.4 Formalize the approach
	6.2.5 Institutionalize the approach
	6.3 Application of system concepts
	6.3.1 General
	6.3.2 Systems
	6.3.3 System structure
	6.3.4 Structure in systems and projects
	6.3.5 Enabling systems
	6.4 Application of life cycle concepts
	6.4.1 Overview
	6.4.2 Decision gates
	6.4.3 Application approaches
	6.5 Application of organizational concepts
	6.5.1 Overview
	6.5.2 Considerations and techniques
	6.5.3 Application opportunities
	6.5.4 Management commitment
	6.5.5 Uses of ISO/IEC/IEEE 15288:2015 within an organization
	6.6 Application of project concepts
	6.7 Application of process concepts
	6.7.1 Application of Agreement processes (6.1)
	6.7.2 Application of Organizational Project-enabling Processes (6.2)
	6.7.3 Application of Technical Management Processes (6.3)
	6.7.4 Application of technical processes (6.4)
	6.8 Application of conformance and adaptation concepts
	Annex A (informative)  Guidance on transitioning from ISO/IEC 15288:2008
	Annex B (informative)  Guidance on the engineering view and the “Vee” model
	Bibliography
	IEEE notices and abstract

