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Foreword

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

8(E)

nical

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

members of ISO or IEC participate in the development of International Standards through tech

nical

committees established by the respective organization to deal with particular fields of technical

activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other internat

ional

ot gauibatiuub, gover nrentatatdons gover nmentab-irHatsomrwith 1S6andHEGatsotake partt
work. In the field of information technology, ISO and IEC have established a joint technical comm
ISO/IEC]TC 1.

IEEE Standards documents are developed within the IEEE Societies and the Standards Goordin
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The, IEEE develoy
standards through a consensus development process, approved by the American National Stand
Institute, which brings together volunteers representing varied viewpoints and interests to achiey
final product. Volunteers are not necessarily members of the Institute and sepv€ without compens3
While the IEEE administers the process and establishes rules to promote fdirness in the conse

1 the
Ittee,

pting
s its
ards
e the
tion.
nsus

development process, the [EEE does not independently evaluate, test, on verify the accuracy of any of

the information contained in its standards.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, P

The main task of ISO/IEC JTC 1 is to prepare International Stahdards. Draft International Stand
adopted by the joint technical committee are circulated te national bodies for voting. Publication
International Standard requires approval by at least 75@%)of the national bodies casting a vote.

Attention is called to the possibility that impleméntation of this document may require the u
subject matter covered by patent rights. By publication of this document, no position is taken
respect to the existence or validity of any patent¥ights in connection therewith. ISO/IEC and IEEE i
responsible for identifying essential patents or patent claims for which a license may be require
conducting inquiries into the legal validityor scope of patents or patent claims or determining wh
any licensing terms or conditions provided in connection with submission of a Letter of Assurancg

hrt 2.

ards
hS an

se of
with
S not
1, for
bther
ora

Patent Statement and Licensing Decldration Form, if any, or in any licensing agreements are reasonable

or non-discriminatory. Users of this-document are expressly advised that determination of the val
of any patent rights, and the risk’of infringement of such rights, is entirely their own responsil
Further information may be obtained from ISO or the IEEE Standards Association.

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technd
Subcommittee SC 7, Software and systems engineering, in cooperation with the Software and Sys
Engineering Standards Committee of the IEEE Computer Society, under the Partner Stang
Development Organization cooperation agreement between ISO and IEEE.

This first edition cancels and replaces ISO/IEC TR 24748-2:2011. The changes to this edition r¢

idity
ility.

logy,
tems

lards

bflect

changesdin ISO/IEC/IEEE 15288:2015 from the 2008 edition, as well as the movement of comcept

materialyto ISO/IEC/IEEE 24748-1:2018.
Aclistof all parts in the ISO/IEC/IEEE 24748 series can be found on the ISO website.

Any feedback or nlnpcfinnc onthisdocument should be directed tothe user’s national standards b

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

This document 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

FaWA & oValVAd ol ok ol S uleTaYa)

and SU/ ILG/TLLL 10400 VVi}} ]ucucfit fl UIIl }ldVillS dULulllClltb LUlllP}ClllClltal l}_y dddl Cbbills d}} dbl)cbtb
of sefvices or products over their life cycle.

Besidles the above, there is also increasing recognition of the importance of ensuring that all life .cycle
stagé¢s, and all aspects within each stage, are supported with thorough guidance enabling alignment
with|process documents that focus on areas besides systems and software. This can include hardware,
humagns, data, processes (e.g. review process), procedures (e.g. operator instructions), facilities and
natufally occurring entities (e.g. water, organisms, minerals). The concept and structure of the 1ISO/
IEC/]EEE 24748 series is intended to allow its extension to such additional domajiis’ where that will

provijde value to users.

© ISO/IEC 2018 - All rights reserved
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INTERNATIONAL STANDARD ISO/IEC/IEEE 24748-2:2018(E)

Systems and software engineering — Life cycle
management —

Part 2:

Guidelines for the application of ISO/IEC/IEEE 15288
(System life cycle processes)

1 Scope

This document is a guideline for the application of ISO/IEC/IEEE 15288:2015. It addresses syj
life cycle, organizational, project, and process, concept application, prin¢ipally through refer
to ISO/IEC/IEEE 24748-1 and ISO/IEC/IEEE 15288:2015. It gives guidance on applying ISO
IEEE 15288:2015 from the aspects of strategy, planning, application/in-erganizations, and applic
on projects. It also provides comparison of the differences between\ISO/IEC/IEEE 15288:2015 an
prior versions, ISO/IEC 15288:2008.

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

NOTE Systems engineering for defense programs is addressed in IEEE Std 15288.1, Application of Sy
Engineering on Defense Programs.
2 Normative references

There are no normative references in thiss<document.

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO/IEC/IEEE 15288:2015 aj

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

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

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

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

tem,
ence
IEC/
htion
d the

IEC/

stems

bply.

wing

4" Overview of ISO/IEC/IEEE 15288:2015

4.1 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.

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved
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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/]EC/IEEE 15288:2015 contains requirements in two clauses:

1) (lause 6, which defines the requirements for the system life cycle processes;

2) Annex A that provides requirements for tailoring of ISO/IEC/IEEE 15288:2015.

Six informative annexes support the use of ISO/IEC/IEEE 15288:2015 or its harmenization with 1SO/
IEC 12207:2008:

1) Apnnex B provides information on possible information items that may/be associated with each
rocess in [ISO/IEC/IEEE 15288:2015.

2) Apnnex C provides information about use of the ISO/IEC/IEEE~15288:2015 system life cycle
rocesses as a process reference model to support process assessment.

3) Annex D provides an informative description of the)process constructs used in ISO/IEC/
EEE 15288:2015.

4) Annex E provides information on the process view concept and examples of its use from two
ifferent process viewpoints.

5) Annex F provides information on the Architecture Definition and Design Definition processes in
SO/IEC/IEEE 15288:2015 as they relate to-the Architectural Design process in the 2008 version of
SO/IEC/IEEE 15288.

6) Annex G provides information on-application of system life cycle processes to a system of systems.

Readers of ISO/IEC/IEEE 15288:2015 are advised to consult Clause 5 of that International Standard to
gainjunderstanding of the key cencepts used.

4.3 | Context of ISO/IEC/IEEE 15288:2015

ISO/]EC/IEEE 15288:2015 has a focus on the processes that are used by or for a project that exists in a
defirled relationship-with the organization, other projects and enabling systems. A project is assigned
resppnsibility_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 of-a'system and whether the system is comprised of products, services, or a combination of both.

The fontext 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

8(E)

Create anid'moni
projects

\

g/(lﬁroiects

System-of-
interest

Apply processes-to perform
«—— requiredwork on or with
E system; or specific
' . i elements (hardware,
i Life cycle stages !
(55 s ) ; Software, humans,
o2 n ! 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 bec
the system-of-interest. The system-of-interest has a life cycle that consists of multiple stages thr
which the system passes during its:lifetime, denoted in the figure as s, sp, ... sp. These stages ar
necessarily sequential and their execution can be completely or partially in parallel, as well as iter
or recursive. An example of typical stages is:

— s1:concept;

— sp: development;
— s3: productien;
— s4: utilizafion;
— ss:support; and
— Sgretirement.

NOTE1  Stagesare described in ISO/IEC/IEEE 15288:2015, 5.4.2 and in ISO/IEC/IEEE 24748-1:2018, 4.3.2 4

for

bmes
pugh
e not
ative

nd 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/
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-

inter
IEEE

est. As a system is decomposed recursively into its system elements, the processes of ISO/IEC/
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.

NOTI
IEEE

In on
orga

5 For related material on system structure, see ISO/IEC/IEEE 15288:2015, 5.2.2 and ISO/IEC/
24748-1:2018, 4.2.3.

der to perform needed operations and transformations upon systems during their life cycles;‘the
hization creates and monitors projects. Projects have a defined scope, resources (including time)

and focus. The scope can involve managing all of the stages of the life cycle, a subset of the stages, one or

morg

defined processes or one or more process activities. The time scale can be of varyingduration, for

exanple a few weeks or tens of years. The focus of the project is related to the system-of-interest and

its sy

NOTH

inc
intern
The

The y
IS0/
seled
fulfil

1SO/
systg
proc
with

The
systg

NOTH
and t

4.4

This
Chan
rena
IEC/

stems and system elements in some form of system structure or stage partitioning.

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

Org;(ajnizations focus on systems that are created or transformed by projectswithin the organization or
n

junction with other organizations. Projects have a span of interest-that includes the system-of-
est and its related enabling systems. Some enabling systems areuhdeér direct control of the project.
ystem-of-interest and those enabling systems make up the project span of control.

vork performed by projects is on or with the system-of-intérest within one or more life cycle stages.
EC/IEEE 15288:2015 includes the requirement to define‘an appropriate life cycle for a system, the
tion of processes to be applied throughout the life eycle and the application of these processes to
agreements and achieve customer satisfaction.

EC/IEEE 15288:2015 can be applied to all {ypes of product- or service-focused systems and
m elements consisting of one or more of the following: hardware, software, humans, processes,
bdures, facilities, and naturally occurring éntities. The use of ISO/IEC/IEEE 15288:2015 for systems
n this broad scope is one of its main advantages.

1se of the standard may be adaptéd-to accommodate the varying project requirements in treating
m life cycles.

7  This can be performedby adapting the life cycle as described in ISO/IEC/IEEE 24748-1:2018, Clause 5
hiloring described in ISO/IEC/IEEE 15288:2015, Annex A.

Comparison ofISO/IEC/IEEE 15288:2015 to prior versions

clause compares the 2008 and 2015 versions of International Standard ISO/IEC/IEEE 15288.
ges have lleen made to the processes at the structural level (i.e., processes have been added,
med, or-combined with others, with resultant renumbering). These structural changes in the ISO/
EEE 15288 process set are summarized in Table 1 and the reasons for each structural change are

givelll in"Table 2.

Tab

le 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 Stalraboldar Daoiivaann tc 642 Stalaboldar naadc and wooiiivg Titla chanaa j

644 StakeholderRe Grirements 6-4-2—Stakeholderneedsandre GrHre Fide-change(;
Definition Process ments definition process numbering

6.4.2 Requirements Analysis Process 6.4.3 System requirements defini- Title change;
tion process numbering

6.4.3 Architectural Design Process 6.4.4 Architecture definition process Title changeld;
numbering

6.4.5 Design definition process Added proceps

6.4.6 System analysis process Added proceps
6.4.4 Implementation Process 6.4.7 Implementation proeess Numbering
6.4.5 Integration Process 6.4.8 Integration progess Numbering
6.4.6 Verification Process 6.4.9 Verification{process Numbering
6.4.7 Transition Process 6.4.10 Transition process Numbering
6.4.8 Validation Process 6.4.11 Validation process Numbering
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 Numbering

Table 2 — Basis for change of process set in ISO/IEC/IEEE 15288:2015

Title change between ISO/IEC 15288:2008 ﬁd IS0/ Reason for change
IEC/IEEE 15288:2015 ;\\Q
6.2.3 Project Portfolio Management Process (2008) The purpose of the Portfolio Management process fs to

initiate and sustain necessary, sufficient and suitaple
projects in order to meet the strategic objectives of the
Changed to: organization. Accordingly, it is done outside the scppe
of any one project and further, it is inappropriate tp
speak of the project portfolio of a single project.
6.2.3 Portfolio management process (2015)

6.2.6 Knowledge management process (2015) [ADDED] | This was activity 6.2.4.3 d) under process 6.2.4 Hyman
Resource Management Process in the 2008 versior}.
The change to a process in ISO/IEC/IEEE 15288:2(15
reflects the greater appreciation that an organizatjions
knowledge is more than what its human resources
possess and that the outcomes, activities and tasks
need to be more inclusive to reflect this fact.

6.3Project Processes (2008) Reflects that the processes under this heading reldte to
the technical management of a project, but are notfthe

full set of nrocesses invalved in managing 3 nroiect
r t=] t=) r J .

Changed to

6.3 Technical Management Processes (2015)

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.

6.4.1rStakehotder ReqUITEMENtS DEfITtom PTOCESS Thechrange chartfles that stakehotder Teeds Must TSt
(20018) be determined, then used as a basis for deriving stake:
holder requirements. That is:

Charlged to: a) needs and requirements are related but differént

b) that both must be addressed to provide a system
that responds to stakeholders,

6.4.7 Stakeholder needs and requirements definition

prockss (2015) c) the stakeholders’ views of what they desire that the

system provide them in terms of products and services
drives the requirements that exptess the intended
interaction the system will have\with its operational
environment, and

d) the stakeholders' requirements are derived by anal-
ysis of the stakeholderneeds

This is consistent with ISO/IEC/IEEE 29148:2011, Sys-
tems and software’engineering — Life cycle processes
— Requiremerits engineering, Clause 5.2.3, paragraph
1, Transfofmdtion of needs into requirements.

6.4.21 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
Charged to: addition, the scope of the process itself is broadened in
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 more
encompassing view of all the activities and tasks re-
quired to architect a system, whereas the 2008 version
Charged to: focuses on the narrower aspect of architecture design.

6.4.4 Architecture definition-process (2015)

6.4.9 Design definition pfecess (2015) [ADDED] Design was inferred in ISO/IEC 15288:2008 process
6.4.3, Architectural Design Process. However, the 2015
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.

6.4.4 Systernanalysis process (2015) [ADDED] System analysis was inferred in ISO/IEC 15288:2008
process 6.4.3, Architectural Design Process. In the
2015 version, it is treated explicitly. Further, the

processim thie 2015 versiomrof 15288 Tecogmizes 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 nod-
ified when a change request is agreed to by bboth the
acquirer and supplier.

6.1.1.2 Outcomes

As aresult of the successful implementation of the
Acquisition Process:

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

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

e) A product or service complying with the agreement
is 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 suppliersiare selected.

c) An agreement is established between the acquirer
and supplier.

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

e) A

satisfied.

f)DELETED]

ligation fin ment afe

6.1.1.3 Activities and tasks

The acquirer shall implement the following activiti€s
and tasks in accordance with applicable organizatienal
policies and procedures with respect to the Aequisi-
tion Process.

NOTE The activities_.and tasks in this pr6gess can
apply to one or more suppliers.

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

1) Establish a strategy forhow the acquisition will be
conducted.

NOTE This strategyincludes reference to the life cycle
model, a schedulé-ef milestones and selection criteria if
the supplier is@xternal to the acquiring organization.

6.1.1.3 Activities and tasks

The acquirer shall implement the following activit
and tasks in accordance with applicable organizatjon
policies and procedures with respect to the Acquidi-
tion process. NOTE The activities and resulting agree-
ment from this process often apply to suppliers in the

ly chain, includin ntr liers.

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

1) Define a strategy for how the acquisition will be
conducted.

NOTE This strategy describes or references the lif¢
cycle model, risks and issues mitigation, a schedul¢
of milestones, and selection criteria if the supplier|is
external to the acquiring organization. It also includes
key drivers and characteristics of the acquisition, §uch

as responsibilities and liabilities; specific models,
meth r pr : level of criticality; formali

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 retlect 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 Requirements, architecting, design and analysis
processes in ISO/IEC 15288:2008 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 Stakeholder needs and requirements definition
6.4 2 Reauirements Analvsic Process process (includes analysis of stakeholder require-
o s 7 ments);

6.4.3 System requirements definition process (in-
cludes analysis of system requirements)

N

3 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 clause
highlights and explains essential concepts on which this documeént is based, and introduces key
concepts useful in reading and applying ISO/IEC/IEEE 15288:2015.

NOTH ISO/IEC/IEEE 24748-1 provides more information on €encepts related to life cycle management in
general.

5.2 | System concepts
Appljcation of ISO/IEC/IEEE 15288 presupposes@in understanding of system concepts.

NOTH System concepts for systems that aré any mix of products and services are introduced in ISO/IEC/
IEEE[15288:2015, 5.2. Additional discussion ig.in"ISO/IEC/IEEE 24748-1:2018, 4.2.

5.3 [ Life cycle concepts
Appljcation of ISO/IEC/IEEE 15288 presupposes an understanding of life cycle concepts.

NOTE 1  Life cycle concepts,are introduced in ISO/IEC/IEEE 15288:2015, 5.4. Additional discussion is in ISO/
IEC/IEEE 24748-1:2018 43«

NOTE 2  ISO/IEC/IEEE 24748-1 provides more information on concepts related to life cycle management in
general.

5.4 | Process concepts

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

NOTE Process concepts are introduced in ISO/IEC/IEEE 15288:2015, 5.5. Additional discussion is in ISO/
IEC/IEEE 24748-1:2018, Annex A.

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

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

6 Applying ISO/IEC/IEEE 15288:2015

150/

6.1 Overview

Understanding concepts does not give the ability to immediately apply them without furither thd
and work. The following clauses give guidance on what should be done to bridge |the gap betj
concept and practical use in different project, organizational and life cycle environments, starting
planning the application of ISO/IEC/IEEE 15288:2015.

Modern businesses strive to develop a robust set of life cycle processes that ar€ applied repeatedly t
projects of the business. To accommodate that need, ISO/IEC/IEEE 15288:2015 is intended to be ul
for application at either the organization level, or at the project level. An_organization should adop
standard and supplement it with appropriate procedures, practices;to0ls and policies. A project g
organization should typically conform to the organization's procésses rather than conform direcf
this document.

In some cases, projects may be executed by an organization‘that does not have an appropriate 3
processes adopted at the organizational level. Such a<{project may apply the provisions of ISO
IEEE 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) define the processes, activiti€s'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, such 3
organization’s acquisition process or maintenance process.

Whatever the réason for application of ISO/IEC/IEEE 15288:2015, a suggested application strz
consists of théfollowing:

a) plantheapplication;
b) adaptISO/IEC/IEEE 15288:2015, if applicable;

¢)\ ' conduct pilot project(s);

ught
veen
with

o the
seful
t the
f the
ly to

et of
IEC/

S an

itegy

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

© ISO/IEC 2018 - All rights reserved
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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) docwmentation changes including flow and nomenclature;
b) g§tafftraining needs;

c) fesponsibility changes, including need for new agreements;
d) impacts on tools and databases; and

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

The initial checklist should then be used by an immediately subsequent, larger, grouplef all stakeholders
to work through what other items need to be added and what the specific changes+are for each item on
the dhecklist. Repeated reviews of checklist drafts should be held to find the final few surprises.

Oncd there is a detailed listing of the changes derived in this, or equivalént; manner, the time and cost
impdcts of each need to be assessed and adjusted for the risks of each7change and various groupings
of chlange. Then further analysis of the sequence of implementing the changes is necessary. The group
should explore phasing in changes in a way that minimizes cost, ptoject disruption and the potential for
advefrse human reactions. Readiness criteria should be developédfor starting each step of a phase-in, as
well ps checks for successful completion after each step of phasing in the changes. Quantitative metrics
should be developed and used.

Thrgughout, a core group should be maintained to quefsee the change from one basis to another, with
perigdic meetings of the entire group of stakeholders:

Wheh a project or organization is already in“a steady state, i.e. where the processes have been
established and institutionalized, then theCimplementation strategy can be shortened and should
probpbly include the following:

a) plan the application;
b) adaptISO/IEC/IEEE 15288:2015, if applicable (for the risk level of the work); and

c) ¢onduct the project(s).

6.2.1 Planning the-application
Applying ISO/IEGAEEE 15288:2015 should be considered as a specific project and planned as such.

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

a) defihe'the scope of the project. Possibilities include:

IJ asingle project either mternal to an organization or as part ot 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;
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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.

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

e)

6.2.3 Conduct pilot project(s)

TITATITCATIT;

identify roles and responsibilities of the project team/organization, assigning a single\point of
responsibility for each process. In many cases, one individual or organization may be resporisible
for more than one process, particularly in small projects or organizations;

identify the resources available for the application of ISO/IEC/IEEE 15288:2015, such as fime,
money, people and equipment;

create and document the project management plan for applying ISO/IEG/AEEE 15288:2015.

When introducing ISO/IEC/IEEE 15288:2015 in an organization across many projects, some pilof use
in key areas and for key processes will help to limit the risk exposure of the organization. A successful

introduction should usually include such approaches as the following:

a)

f)

6.2.4 ~FEormalize the approach

identify pilot projects that can utilize the processes selected. These pilot projects should be
chosen on the basis of high priority work, that will résult in significant improvements, with afhigh
probability of success, and that can be expected:te provide quick, visible results;

select a team of volunteers to conduct the pilot projects then publicize and reward their effortf;

train all involved. Awareness can be' aided by regular communication of progress in the
implementation process, in addition to’formal training classes;

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

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

execute the pilot{project(s), tracking and documenting the performance against the critical sugcess
factors. Capture)knowledge gained from each pilot project in the knowledge management prdcess,
including lesSons learned throughout the pilot project(s). Incorporate the lessons learned| into
revised processes.

Formalizing involves the introduction of a new process across several projects or acrosy 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 accepthnce.

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/]EC/IEEE 15288:2015 provides a set of processes that support realizing and using a system.(This
claude focuses on those processes that most directly apply the system concepts stated in ISO/IEC/
IEEE| 15288:2015, 5.2 and in further expanded in ISO/IEC/IEEE 24748-1:2018, 4.2. To support the
discyssions in 6.3.2 and 6.3.3, Table 5 shows the processes being discussed, the general’ptirpose for
using them, and key points to consider.

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

24748-2 15288 Processes Purpose Key Points
Cljuse
6.3.4 6.4.1 Business or mission anal- |Understand why there needs to be 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 andwequire- It is critical to identify and
ments as seen by stakeholders, then  |meaningfully involve all
translate those into¥equirements for |who will be stakeholders
6.4.6 System analysis process |a system that sheuld satisfy the stake- |over the systems life cycle
holder needs

design of the system

6.4.3 System requirements
definition process

N
-~
%)

6.4.4 Architecture definition |Translate-the system requirements Maintaining stakeholder
process into anuftderstanding of how an involvement throughout is
actual System can be realized, firstas |still critical

seénfrom outside the system and in its
6.4.6 System analysis process. feléments 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

6.3.1 Systems

To d¢termine how to provide products, services, or both, for the benefit of users and other stakeholders,
the starting pointshould be to define the purpose of the system, its boundaries, and those who should
be itp stakeholders. At that point, neither the structure nor the composition of the system is known,
nor ghouldthey be the focus of interest. For those reasons, users of ISO/IEC/IEEE 15288:2015 should
start with{an analysis of the business or mission of the proposed system, applying the ISO/IEC/
[EEE[ 15288:2015, 6.4.1 process of that International Standard, then use this as a bounding framework

to define stakeholder needs and requirements, applying process ISO/IEC/TEEE 1528872015, 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 whijch
architecture can be realized.

More specifically, the user of ISO/IEC/IEEE 15288:2015 should apply process 6.4.4~Archite
Definition, and then process 6.4.5, Design Definition. In applying these processes, probably iterat
and recursively, the user of ISO/IEC/IEEE 15288:2015 should understand that charagteristic props

that

rture
ively
rties

at a system's boundary arise from the interactions between subordinate systems{\What this meapns in

practice is that the interfaces between parts of the system should be understood/first, then the |j
themselves should be architected and then designed to respond to the feguirements impose
the interface. This process should be continued from the most general Wndeérstanding of the sy
structure progressively downward to the most detailed level. Process 64,6, System Analysis, may
to be applied at any step along the way.

Briefly stated, the user of ISO/IEC/IEEE 15288:2015 should work from the interfaces inward, and
the top downward (downward implying a greater level of detail, but not necessarily a hierarg
system structure). This applies to the system of interest and its enabling systems, whether ne
under consideration for change. Accordingly, the application of the processes described above c3
done at any stage of a system’s life cycle.

For any of this work, process 6.4.6, Systems Analysis Process, of ISO/IEC/IEEE 15288:2017 m3
useful to apply.

6.3.4 Structure in systems and projects

The user of ISO/IEC/IEEE 15288:2015, should determine the project scope, or the scopes of the s
projects, that best supports definition, realization and use of the system of interest and its ena

barts
d by
stem
need

from
hical
W or
n be

y be

et of
bling

systems. To do this, the user of JSO/IEC/IEEE 15288:2015 should draw on the results of applying,

directly or with adaptation the)Agreement Processes (6.1), Organizational Project-Enabling Proc
(6.2) and Technical Management Processes (6.3) that are already in place for the organization wj
which the projects will-be' executed. For example, the possible need to define a new system sH
result in reconsideratioh of the organization’s infrastructure, portfolio, human resource, qu
and knowledge management capabilities under various possible project structures to find the
relationship of theset of projects versus the possible scope of the system of interest and its ena
systems.

6.3.5 _Enabling systems

TheSapplications of system concepts described in the preceding clauses apply directly to ena
systems, with the following clarifications:

bSses
ithin
ould
ality,
best
bling

bling

a)J I considering the Scope and Structure of the Projects to sSupport actuatization of a syste
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
level of that understanding;

of

each

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 analys
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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/ FFI/IFFF 15288:2018 requires the establishment of 3 life cvcle maodel to prnvidp a framework
in which the processes of the International Standard are performed [See 6.2.1.2 c)]. It also requires
the definition of purpose and outcomes for each stage in the established life cycle model. ISO/IEC/
IEEE| 24748-1:2018 provides (in Clause 4) a description, including the purpose and outcomes, of.a|life
cycld model with a set of six life cycle stages. This model is included in Figure 2 as a reference for two
related views 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 sequential
and gqual in length. In actuality, as described in ISO/IEC/IEEE 24748-1:2018, 4.3.1, stages can’be interdependent
and gverlapping, can be of differing durations and can iterate or be applied recursively.

NOTHE 2  There can also be a project view, and possibly other views, of the life cycle model.

Organizational view

Decision
gates * * *
. N
Pre- Feasibility q Retire-
study J{ study TL ExeculSs l 6\ mentJ
ya
Milestones v v v
Bid-No Bid Go-Ahead Initiaté

Preduction

Concept DevelopmentJ Production | Ugljlsh\éﬁion | Support | Retirement |

e e
System life\cycle stages
y cycle stag \

J°
Life cycle@ocess utilization

(sequqn&&l, iterative, recursive)
AN\

Engineering view

Figure 2 — Organizational and engineering views related to representative system life cycle
model

The kystem life ‘eycle model illustrated in Figure 2 does not imply any application precedence or
sequence forsheé application of ISO/IEC 15288:2008 life cycle processes. The order of use of the life
cycld processes is influenced by multiple factors such as social responsibilities, world trade laws,
orgahizatignal cultures and technical considerations. Each of these factors can vary during the life of a
syst¢m«~A'manager of a system life cycle stage typically selects the appropriate set of life cycle processes

to MEETEMIy Or EXIT CTItErTa and Otier Stage ObjeCtiVES. FOTr EXAMpIE, QUTINg any of the tater tife cycte
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 organization uses these milestones and gates as decision points where investment decision$/cqn be
made as to whether a system should be continued to the next system life cycle stage or be modifigd, be
cancelled or retired or have the plans for the next stage revised before approval. These milestone$ and
decision gates can be used by organizations to contain the inherent uncertainties and risks assocjated
with costs, schedule and functionality when a system is created or utilized.

The views of Figure 2 provide an example framework in which different approaches’can be used to meet
organization goals and objectives. In order to meet the exit criteria of a decisien gate, the appropriate
artefacts need to be produced to provide decision-making information andsequired deliverables. Thus,
planned engineering activities need to take place during each system‘life’cycle stage to obtain the
outcomes and meet the purpose of the stage or a set of stages.

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

6.4.2 Decision gates

The organizational view of Figure 2 can vary according to the nature, purpose, use and prevdiling
circumstance of the system-of-interest or the business of the organization. Nevertheless, despite
a necessary and apparently limitless variety in such views, there is an underlying notional set of
characteristic milestones and decision gates thateXists. Each milestone and decision gate has a distinct
purpose and contribution to the system life(cycle. These milestones and decision gates should be
considered when planning and executing thé system life cycle.

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

Milestones provide an opportunity for management to review progress and decide to declare| that
milestone as satisfactorily completed and proceed to the next milestone. If the milestone marks th¢ end
of a stage, then a decision gate is reached to proceed to the next stage or select one of the other options
from ISO/IEC/IEEE 24748-1:2018. The decision gates provide a framework within which organization
management has high-level visibility and control of the project.

During each system life cycle stage, management can use established decision gates to determine
whether the gbjectives (financial as well as technical) of that system life stage were satisfactforily
completed.and whether the system is ready to progress to another stage or, alternatively, hold or
continue.in the present stage, return to a previous point in the present stage, or return to another §tage
or stages:

The’specific rationale for the decision may vary for each stage. For example, during later life cycle stages
while the system is being used (utilization and support), the decision as to whether to continue ir] that

+ L4l + 1. 111 ratal 3 e o itlo o D o4 £ ot aY i) h) .
STAgCT UT T UITC S y STCIIT SITUUTO UT AP PT UPT TATCTy T T TUTTTO VE TU TTIT RNCUT TIHITIIT S TAgT L AN DT 0 dST 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.

Afte

alternative concents have heen studied a2 second decision gate can he used. Determinations
)t 7 =]

such|as listed below should be made before a decision is made to initiate the execute stage of the
orgahizational view:

a)

b)

c)

Whether a concept is feasible and is considered able to counter an identified threat or explobit an
pportunity;

hether a concept is sufficiently mature to warrant continued development of a pew product or
ine of products; and

Whether to approve a proposal generated to respond to a request for proposal,

For drganizations that are responding to a request for proposal, there is an important feasibility stage
milegtone. This milestone is used to determine whether or not to make a bid'based on the initial results
of a feasibility study.

The

views illustrated in Figure 2 includes activities related to fourstages of the system life cycle -

development, production, utilization and support. Typically, there are two decision gates and two
milestones associated with execution activities of the management view. The first milestone provides
the dpportunity for management to review the plans for execution before giving approval to proceed.

The

second milestone provides the opportunity to review progress before the decision is made to

initigte production. The decision gates during execution,can be used to determine whether to produce
the developed system-of-interest and whether to improve it or retire it.

These views apply not only to the system-of-intérest but also to its systems and system elements that
make up the system structure, as well as enabling systems. Different organizations can be responsible
for different systems of the system structtire. Also, individual systems or system elements can have
a shqrter life than the system-of-interest;in which they are embedded, so these individual systems or
systé¢m elements can need to be replaced with improved ones during the life of the system-of-interest.

6.4.3 Application approaches

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

and

risk resolution strategies. Sequential, incremental or evolutionary approaches are frequently

used| These approaches are discussed in the clauses below. Alternatively, a suitable hybrid of these
apprpaches can bedeveloped.

NOTH The~“Vi€e” model is a specific example of an application approach. It is described in Annex B of this
document.

The

beléction, development and use of one of these approaches by an organization depend on several

factdrsisuch as those listed below:

a)
b)
‘)
d)
e)
f)

16

the acquisition policy of the organization;

the nature and complexity of the system;

the stability of system requirements;

technological opportunities;

the need for different system capabilities at different times; and

the availability of resources.
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6.4.3.1 Sequential approach

6.4.3.1.1 General

8(E)

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 acquirer requirements satisfaction. These challenge
created because of the long period from establishing the initial requirements for the systemt
deploying of the system in the marketplace.

5 are
b the

The sequential approach is illustrated by the organizational view of Figure 2 and has defined dedision

gates so that an organization can manage an orderly progression of the system \from conce

btion

through retirement. For systems that rely heavily on off-the-shelf system elemeénts, developmgnt is

often directed to start in the execution phase of Figure 2 without doing concept$tudies. In this
the project needs to be aware of the risks of starting development without doing the risk redu

case,
ction

engineering of earlier studies. Use of off-the shelf system elements does et feplace system feasibility

analyses or the risk reduction analyses and effectiveness assessments needed to confirm that inter

faces

are compatible. This off-the-shelf approach may reduce the need to.go through earlier decision gates,

but it does not eliminate the analysis necessary to reduce risks.

The sequential approach can be very effective and efficient™for engineering systems wherg¢ the

requirements are well known and stable, or for updates to,existing systems.

6.4.3.1.2 Applicable systems

This approach can be applied to systems that are one’or a few of a kind or those that have large quan
produced. Examples of systems for which this’approach can apply are infrastructure inform
technology systems, a manufacturing system modification, automobiles, control systems and cons

[ities
htion
lmer

products. During the production stage eithier one or a few systems can be produced and delivered or a
large quantity production can be initiatéd that can continue into the utilization and support stages The
utilization and support stages are typically the longest period of this life cycle and can last for many

years. Major systems realized using this approach often have an operation life of tens of years

with

modifications using technology.refreshments and technology insertions made to sustain the system

and lengthen its useful life.

This sequential approagh ¢an be applied to modernization of legacy systems. The engineering, however,
is done on the systeni being enhanced and its related lower level systems and system elements qf the

system structure./The impact on the system-of-interest does need to be analysed and where con
are revealed, thé-changes to higher-level systems and the system-of-interest need to be made o
requirementsfor the applicable system need to be revised.

6.4.3.1,3~'Risks

flicts
r the

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

listed below should be considered and resolved before adoption:

aJ Expectations and requirements related to the system can change over the years ol developme
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;

nt;

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)

b)
c)

d)

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.

1l system capabilities can be delivered at the same time.

n-service modification decisions allow determination of whether to do maintenance, a niajer
odification or to retire the system from service.

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

6.4.3.2 Incremental approach

6.4.3.2.1 General

The

ncremental approach can be applied to organizations that market new<versions of a product. An

orgahizational view not unlike the view of Figure 2 is used. However, (milestones are established at
planned intervals to introduce a planned version of the system that catibe released to the market. The
system realized as a result of the concept stage can be a first versions

The

overall capabilities of the last version to be marketed 4migy be known at the start of system

development. However, a limited set of capabilities is allocated to the first version. With each successive
version, more capabilities are added until the last release fully incorporates the overall capabilities.

The

application of ISO/IEC/IEEE 15288:2015 life cyclé processes, further described in 6.7 of this

document, is performed to realize each version. The operation and support of each version is done
in pqrallel with the development, utilization and>support of successive versions. Early versions of the
syst¢m and support for those versions can belphased out as newer versions are bought and used by
the qustomer base or a block modification(fo earlier versions can be made to incorporate the new
capabilities of a later version.

6.4.3.2.2 Applicable systems

This|approach can be applied £o)systems that rely on new, enhanced capability versions of the system
to bg introduced in short intervals so as to remain competitive in the marketplace. Examples include
information technology systems such as business systems, medical systems and routing and firewall
systems.

6.4.3.2.3 Risks

The

ncremental approach has associated risks such as listed below that should be considered and

resolved, before adopting this approach.

a)

b)

‘)
d)

e)

18

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.

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

Costs for training (time and money) to move from one version to the next can be unacceptable.
Expectations may not be met if customers desire the full capabilities in the first version.

Poor 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) The customer may change the requirements as the development progresses.

6.4.3.2.4 Opportunities

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

a) Acquirer requirements for early capabilities can be satisfied.

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

c) Early introduction of the system, even with limited capabilities, can enable exploitation of the

marketplace by beating the competition to market.
6.4.3.3 Evolutionary approach

6.4.3.3.1 General

The evolutionary approach can be applied by organizations that market new versions of a prody
regular or pre-planned intervals. The major difference of this approach with the incremental appr
is that the full capabilities of the last version of the system“are not known when an evolutio
development is undertaken.

Initially the requirements for the system are partially‘defined and then refined with each succe
version of the system as lessons learned from the use of.an early version are translated into new de
capabilities.

The ISO/IEC/IEEE 15288:2015 life cycle processes, further described in 6.7 of this document
applied to realize each version. In this case, development of new versions can be done serially
parallel with partial overlapping. As with@ersions developed using the incremental approach, diff
versions can be operated and supported in parallel. Particular care should be taken, howevg
maintain configuration control of each version so that operation, training and support procedure
appropriate to the version being used.

Often, a new version with enhanced capabilities can replace an earlier version, or a block modific
can be made to the earlier‘version to incorporate the new capabilities of a later version.

6.4.3.3.2 Applicable/systems

This approach catv’be applied to complex systems for which requirements are not well understood
though the need for the system is understood and approved. These are typically one of a kind o
quantity ppoduction systems. Example systems can include custom information technology syst
military‘information technology systems and specific information technology security systems.

6:4.3.3.3 Risks

ct at
oach
nary

Ksive
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The nvn]nh'nn:n'y apprn:\rh has assaociated risks such as listed below that should be considered

and

resolved before adopting this approach:

a) Full capabilities can be preferred at the same time.

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

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

d) There can be uncertainties with respect to planning the schedule release of the next version.
e) 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) Acquirer requirements for an early capability can be satisfied.

b) Customar foadhacl can bha ncad ta anhanca tha canahilitince af 2 fioatnira yarcion oft+ha cuctam
-ustomert be-used-to-enhance-the-capabilities-ofafutureversion-ofthe-system-

c) The prototypes developed to satisfy an early milestone can have a use in the market.

d) Early introduction of a limited capability system can enable countering a competitor threat.

e) Emerging technologies can be taken advantage of.

6.4.3.4 Technical reviews

Techhical reviews such as listed below should be conducted for each project.as appropriate to the
development model used:

a) 4 review held prior to performing the Stakeholder Needs and Requirenients Definition Process to

onfirm that the business and mission requirements are complete;.censistent with the acquirer’s

intent, understood by the supplier and have been validated. This\feview can prevent proceeding
ith a less than acceptable set of the business and mission requirements;

b) review focused on preliminary concepts that helps ensure that the preferred concept has the
otential of satisfying defined stakeholder requirements and is based on a set of viable, traceable
echnical requirements that are balanced with respectto cost, schedule and risk;

c) 4n evaluation of the established requirements\baseline to confirm that the set of technical
equirements are balanced with respect to cost; schedule and risk;

d) 4n evaluation of the established functional*baseline to confirm that the system definition is based
n achievement of technical requirements. It also can be used to confirm readiness to proceed with
the preliminary design of each systemtof the system structure;

e) 4qreview conducted for the preliminary design of each system of the system structure to confirm that:
1) the specifications androther configuration descriptions are defined appropriately;
2) the design solution,is'consistent with the acquirer’s requirements;

3) enabling system requirements are sufficiently defined to initiate enabling system
developments; as required, or to acquire the applicable enabling systems;

4) approaches planned for developing detailed designs, including corresponding prototypes, are
appropriately planned; and

%) “risks are identified and resolution plans are feasible and judged to be effective.

f) 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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g) 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

h) reviews conducted prior to releasing each design solution for first system or batch production to

confirm production readiness by confirming that production enabling systems and materials are in
place and the production environment is prepared to accomplish production objectives.

Aftor r‘nmn]nhnn of the detailed Hacnrn of each cycfnm inthe cvcfnm structure that is hased o

h the

allocated basellne and with proof that the production system is ready and other enabling systémis are

ready or are expected to be available when needed, the system can be released for production
system produced can be a one of a kind, the first of a limited version or the first of many:-that w
produced.

The
1 be

NOTE1 IEEE 15288.2, Application of Technical Reviews and Audits on Defense Programs,gives informatipn on

technical reviews for the defence sector.

NOTE 2  IEEE 1028:2008, IEEE Standard for Software Reviews and Audits, ISO/IEC/IEEE 20246:2017, Software
and systems engineering — Work product reviews and 1EC 61160:2005, Design Reviéw give additional detail on

reviews.

6.4.3.5 Configuration audits

Two types of configuration audits can be performed - functional audit and physical audit. Thesg two

audits are described below:

a)

b)

A functional audit is used to demonstrate that.system verification results compare favoufably
with the specifications against which verification was performed and that planned verifichation
procedures were followed. This audit is alséXused to confirm that verification results conlpare

favourably against configuration documentation such as drawings, authorized changes and “as-
built” or “as-coded” records.

NOTE A pre-production prototype 0¥ the first system produced is typically used for verification| This
audit is typically completed before release of the system for initial production.

»n

A physical audit is performied to examine the “as-built”” system against its configuration
documentation such as drawings, bill of materials, specifications, code lists, manuals, verification
procedures and acceptance data. The “as-built” system examined should be one or more of the first
set of systems produced during the initial production. Selection of the systems to be used ih the
audit should be doneat random by the auditors. The purposes of the physical audit are given bg¢low:

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

2) to~confirm that the information database represents the essential set of work products or
artefacts from the engineering effort;

3)»"to confirm that required changes to previously completed specifications have been included;

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

pa | pa | lalbald |
CACLULCU allu lllCCL DLaI\CllUluCl 1 Cblull ClllCllLD, alliu

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

6.5 Application of organizational concepts

6.5.1 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
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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

infor

mation, 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.

Addi
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EC/IEEE 15288:2015 to provide a common set of processes, an integrated system life cycle model,

and § common basis for communication and for working together.
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processes in ISO/IEC/IEEE 15288:2015 form a comprehensive set to cater to a wide yariety
ganizations. An organization, small or large, depending on its business purpose, canselect an
bpriate subset of the processes (and associated activities and tasks) to fulfil that purpose. ISO/
EEE 15288:2015 is intended to be applied internally by an organization or contractually by two or
organizations. In order to facilitate application of ISO/IEC/IEEE 15288:2015 either internally or
ractually, the tasks are expressed in contractual language. When applied interhidally, the contractual
hage is interpreted as self-imposed tasks.

EC/IEEE 15288:2015 should be harmonized with an organization’s policies and standards that
Iready in place. It is usually the case that an organization has been utilizing its own existing
lards and specific techniques. When applying ISO/IEC/IEEE 15288:2015 within an organization, it
brefore important to clarify the relationship between ISO/IEC/IEEE 15288:2015, the organization's
standards, and the various techniques that have been emplayed.

e 3 shows one possible example of such relationshipsithat may be useful when applying 1SO/
EEE 15288:2015 within an organization. ISO/IEC/IEEE 15288:2015 is located at the first level,
lards for the discipline are located at the second leuel; and the third level is for procedures specific

to all organization. The terms defined and used in‘the second and the third levels are required to

rm to ISO/IEC/IEEE 15288:2015.

Level 1

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

Reso

Level 2

Work is done accerding to procedures in Discipline -specific

a defined sequenee standards

Level 3

Procedures 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

lution 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

6.5.3 Application opportunities

The reasons for applying ISO/IEC/IEEE 15288:2015 internally within an organization may.include|such
situations as:

a) verifying the thoroughness of an existing method. This should usually be more‘relevant wherg the
method was developed in-house or adopted and extensively modified;

b) adapting an existing method to cater to the risks associated with moves into new market seftors
where more rigor is required because of perceived risks;

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

d) managing the introduction of new technology. ExXamples include the automation of exipting
manual processes, or a change in the techniques used to implement a product or service. ISO/IEC/
IEEE 15288:2015 defines criteria which can be used to benchmark the completeness of the mgthod
before and after the technology is changed;

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

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

6.5.4 Management commitment

As with any program which results in changes to work practices, it is essential that the management
within the affected organization is visibly committed to implementing and supporting the changed. In a
two-party situation this should be initiated by a contract and then, as for general organizational yse, it
should be normal practice to establish policies covering the relevant parties.

6.5.5 Uses of ISO/IEC/IEEE 15288:2015 within an organization

There.aré four key uses of ISO/IEC/IEEE 15288:2015 within an organization. These uses are illustrated
in Figure 3 and described below.

Use 1 is a direct application of ISO/IEC/IEEE 15288:2015 to organizational work. ISO/IEC/

EEE 15288:-2015 describes the life cucle nracoesses in toerms of nraocess name nurnose outcome and
TEEE—oS oo = e et AL o e —pPT LD Sl o T oeree T

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

worj according to procedures and sequencing defined 1n these standards. Discipline and domain
mempbers should be trained in the appropriate standard and the applicable methods and tools prior te
applying on a project.

Use B is for the purpose of creating organizational standards and guidance. In this use it should'be an
adapjtation by the organization of the scope of ISO/IEC/IEEE 15288:2015 and possible adaptation of
discipline or domain standards, or both. As in Uses 1 and 2, the activities should be defined in more
detal]l by identifying the necessary tasks, selecting and providing the appropriate methods and tools
and performing work according to procedures and sequencing defined in these standatds. Organization
mempbers should be trained in the appropriate standard and the applicable meth6ds’and tools prior to
applying on a project.

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

6.6 | Application of project concepts
ISO/|EC/IEEE 15288:2015 life cycle processes can be used'by a project for at least four purposes:

a) fo establish agreements with organizational entities external and internal to the project to acquire
r supply a product or service (Agreement protesses);

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

c) fo establish and evolve project plans, to execute the project plans, to assess actual achievement and
ﬂogress against the plans and-tocontrol execution of the project through to fulfilment (Technical
anagement processes); and

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

The fequirement to_perform ISO/IEC/IEEE 15288:2015 life cycle processes is independent of system
size pr complexity; nstead, factors such as the system requirements and the concept of operation affect
the dystem sizetabd complexity. Thus, the outcomes and activities from the ISO/IEC/IEEE 15288:2015
life clycle pragesses are meant to be generic and applicable to the engineering of any system within the
scopg of ISOZIEC/IEEE 15288:2015. The size and complexity of a system can affect the work of a project,
for example the tasks performed to accomplish an activity of a system life cycle process or the type and
form| of work products from application 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

»| Agreement

Pprocess

Acquisition reques4 TResponse

&
.

Proposed response

Supply
process
> P Feasible solution

<

Plans lRequirements

Project Work directives
— planning —>
process

Plans and

Evaluations "requirements

Organizational Project assessment

project- and control precess
enabling
processes

Resources

Decisionjmanagement Technical

rocess ) processes
P Alternatives

Go/no go
decision

A\ 4

<4

Approvals Information

management process

Redirection R

>

Risk management
process
Cost and 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 but to show
thar-all processes of ISO/IEC/IEEE 15288:2015 can have a role in forming an agreement, espegially
formal agreements that can be legally binding. When an agreement involves a relationship betyween

mdivadualec afcuh nrainctc unithin thao caan nerainct v cbh loce formn ity can o avnactad than cuigo sted
Vebar5-6+-5U8-proeject 16 expee SHELE
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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) 4cceptance conditions, exception handling procedures, conditions requiring re-negotiation of
he agreement, conditions required to lawfully terminate the agreement, conditions required te

impose penalties or invoke bonuses and payment schedules; and

ights and restrictions associated with technical data, intellectual property, copyrights and
atents.

The hegotiation can be considered complete when the terms of agreement are acceptable to both the
acqujrer and supplier.

6.7.1.1 Application of Acquisition Process (6.1.1)

In order to properly accomplish the Acquisition Process activities and tasksy,applicable Organizational
Proj¢ct-Enabling, Technical Management and Technical processes fromISO/IEC/IEEE 15288:2015, 6.2,
6.3 and 6.4, respectively, should be implemented, as appropriate.

An appropriate team or individual, depending on the project size‘and complexity, should be assigned to
consjder and prepare a response to the acquisition request. Eerrsmaller projects a single individual can
be agsigned the responsibility to prepare the response, to do the work and to create the required work
products to be delivered.

The hssigned team or individual should perform thé activities of the supply process appropriate to
estahlishing an agreement. First the team or individual should do the necessary planning to scope
a strptegy for the response preparation effort.dand to understand the capabilities required to do the
requpsted work. The plan should include a schedule of milestones and decision criteria for submitting a
resppnse and consider the goals of the orgahization or project as well as applicable investment decision
critefia.

To dptermine whether to respond. to’the request for proposal or to determine the specifics of the
resppnse, the technical processes'can be planned and performed to the level of the system structure
apprppriate to the nature and(size of the system and the system life cycle stage. In addition, the scope
of work, cost of the system and the feasibility of meeting requirements within given constraints should
be d¢termined. The application of the technical processes should be in accordance with the plan and
should be assessed and.controlled using the appropriate project processes. The organizational project-
enablling processes-are implemented to the extent necessary to support the technical processes and
monftor the outcomés and approve the response, as appropriate.

Typi¢ally in<any acquisition situation there are several approaches or ways of doing something.
An dpproach or way that best achieves the overall acquisition goals and constraints is desired.
Congjiderations to include are:

a) aftermarket opportunities;

b) business unit policies;

c) organization environment;

d) financial resource availability;
e) human factors;

f) improvement strategy;
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g) integration and interoperability;

h) logistics (supportability);

i) obsolescence;

j) operational environment (pollution, disposal);

k) producibility;

1) safety;

m) security;

n) competition;

0) stakeholder goals;

p) survivability;

q) time-to-market constraints; and

r) potential risks for acquisition and supply.

Acquisition planning is conducted using the ProjectPlanning Process from ISO
IEEE 15288:2015, 6.3.1.

IEC/

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

for bid, request for information, and request for quote)y/memorandum of intent, offer or directive.

Whenever possible for a formal contract situationnvolving outside suppliers the potential supy

liers

need to be involved in the definition of the acquisition request document to provide an optimum npjatch

of stakeholder needs with system requirements. Similarly, the same suppliers need to be involv
changes during maintenance of the agreenent.

The level of formality of the monitoring should be clearly established at a level appropriate to the 3
and context of the agreement, including mutual responsibilities, frequency and mode of monitoring
ways of gauging acceptable execition of the agreement.

6.7.1.2 Application of Supply Process (6.1.2)

In order to properly accomplish the Supply Process activities and tasks, applicable Organizat
Project-Enabling, Technical Management and Technical processes from ISO/IEC/IEEE 15288:2015
6.3 and 6.4, respectively, should be implemented, as appropriate.

bd in

cope
r and

jonal
, 6.2,

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 15288:201]
used ificonjunction with the technical processes of the International standard to do the work to
agreement requirements. The model illustrated in Figure 5 provides an example of the relationsh
processes used within a project for satisfying an agreement. This example is not meant to represe
possible process flows by all possible projects. It does, however, provide an approach one can con

are
meet
ip of
nt all
sider

N establISNINgG a process 11ow 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 project work should not be undertakien until the resources such as funds, team members, equipment
and facilities needed to meet the project agreement and plans are attained.

The |project exists to satisfy an\‘agreement by providing the desired deliverables to the quality
expected. The project performs’ the Planning Process that can consist of updating the plans used to
form| the response to the acquisition request or the applicable plans from the previous life cycle stage.
Appijopriate teams are assigned the work required to meet planned requirements. These teams do the
worl associated with-application of the technical processes to obtain the work products required. The
Proj¢ct Assessment and Control Process, Decision Management Process, Risk Management Process,
Confjguration Management Process, Information Management Process and Quality Assurance Process
should be used\to monitor, control, and assess the technical process outcomes to be able to keep work
withfn acceptable cost, schedule and risk in order to meet performance requirements for the system.
The Prganizational Project-enabling Processes and Technical Management Processes are implemented
to prjotzide support to the project, and to review the project, as appropriate.

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.
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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.

Considerationstoinclude are:

a) applicable legislation and regulations that apply to the supplier;
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 supplierg, the
potential supporting suppliers need to be involved in the definifion of the tender response and suypply
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 clearly established at a level appropriate tp the
scope and context of the supply agreement, includinig mutual responsibilities, frequency and mofe of
monitoring and ways of gauging acceptable executioh of the agreement.

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

The level of formality for delivering and supporting the product or service, including closure, shoulld be
clearly 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)

In selecting processes for application within a system life cycle stage, some of the processes of ISO/IEC/
IEEE 15288:2015-may not be applicable for an organization. In this case, such processes are expected to
be not includ€diin organizational standards, policies and procedures or other directive media. In ¢ases
where the-organization desires that certain activities of a process be part of directive materials, these
selectedsactivities can be included as part of the definition of other processes or an entire procesf can
be subopdinated to an activity level under another process.

New project processes can be formed, or an activity under one of the system life cycle processes can be
elevated to the process level.

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

demnnofr«ﬁfgr‘ avioarticain thic araq
1S SxpetiSe-tHttrHSateds

Troceer

6.7.2.3 Application of Portfolio Management Process (6.2.3)

The

Portfolio Management Process sets the environments for organizations in which multiple,ongoing

projects are accomplished to include applicable strategic and tactical plans, system life cycle medels, and
polidies, procedures and standards. In addition, the process establishes constraints fortechnologies,
product lines, and project management aids and provides communication paths with'which projects
interjact with each other and the organization.

Polidies and procedures that support and direct projects that perform the services and produce the

orga
and
satis

The
proc

hizational products, services, or both, should be evaluated on a regular/basis. Changes to policies
procedures are evaluated to realize continuous improvement of orgdnizational maturity for
fying its strategic and tactical objectives is realized.

ntegrity level for different systems produced by projects can require separate sets of policies and
bdures.

Appijopriate management aids are typically established to_enable availability of valid information for
direqting and enabling projects including project status, standardized automated tools, organizational
products available for reuse, and the status of emerging technologies and related market opportunities
and threats and the information databases in which gaptured data and documents are warehoused.

Itis

‘ritical to establish, use, and continually refifre, metrics that show how well projects, individually

and in the aggregate, are achieving their objectives and those of the organization, using resources that
have|demonstrated expertise in this area.

6.7.2.4 Application of Human Resolirce Management Process (6.2.4)

This

organization process includes.establishment of human resource services that enable organizations

to aghieve their goals and objectives within legal, financial and other constraints and agreement

requ

jrements.

Humfan resource services)include, but should not be limited to:

a) fesource acquisition;

b) gkill assessmeént;

c) ¢kill development;

d) ¢kill measurement;

e) effective 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 strategiceffort and
that accumulated and used knowledge is therefore appreciated as a valuable asset.

Participation in knowledge management in the organization should be widespread and participants
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 support other processes. For example} to:
a) arrive at an investment decision;

b) prepare a responsive response to a solicitation;

c) determine whether to proceed or continue work to satisfy the requirements of a spé¢cific
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 organizational goals and objectives and stakeholder needs.

Plans should include the scope)tasks, methods, tools, measures, risks and resources for applitable
system or system element implementation, integration, verification, transition and validation processes,
so that each contingency+eption 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) befere implementation of the next engineering view or organizational view stage related tp the
system life cycle model selected by the organization.

Continge ple

ncy o

ptions are used in a plan when there are known risks or opportunities (for exa

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

ecadiness review verification maodification decision reviews):
Y Y I

b) primary tasks related to accomplishing entry and exit criteria of each key event (for example define
gtakeholder requirements, prepare engineering drawings, complete technical or managefment
feview package, conduct test);

c) gupport tasks that enable the staff accomplishing primary tasks to meet their objectives. For
¢xample:

1) acquire resources, equipment and facilities;
2) acquire appropriately skilled personnel for accomplishing the primary-tasks; and;

3) arrange travel.

d) anagement tasks required to direct, monitor, review and approvethe primary and support tasks
for example serve as chair of a technical review, review and approve documents for transmittal
o the customer, attend management review, and decide whéther to do a technology refreshment,
echnology insertion or retire the system).

After approval by the appropriate authority the project schedules are considered a baseline subject to
chanfge control in accordance with organizational policiessand procedures.

Aftef approval by the appropriate authority the planned budget is typically considered a baseline
subj¢ct to change control in accordance with business unit policies and procedures.

Plan$ can be individual documents in a collective document or captured in an electronic media for
acce$s by appropriate participants. A plan is an initial output of a process that enables the process to
be effficiently and effectively accomplishied. A plan should be made using appropriate Project Planning
Procpss activities.

The engineering plan provides. an\explanation of what needs to done, how it will be done, who will do
it, when it will be done and where it will be done; as well as how much of a resource is necessary to
do the work for each technieal process. The engineering plan explains the above within established
consfraints of resources.and staff and in order to meet cost, schedule and performance requirements
withfn acceptable risks:

An ehgineering plaiis appropriate for each applicable organizational view stage and for each project
(for the engineering or re-engineering of a system) using the appropriate model. See 6.4.3 of this
docujment fordiscussion of some of the possible models.

The ¢ngineering plan is 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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d) therequired inputs and outputs including dependencies on enabling systems;

e) theinfluencing factors and constraints;

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

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

h) how each applicable technical process will be accomplished and how each process connects.(if}puts
and outputs data flows and sequencing) with other technical, project, organization andyagreement
processes;

i) resources, methods and tools planned to accomplish the activities and tasksjof<each appligtable
process;

j) how required resources and tools will be acquired and used;

k) the organizing structure to be used for efficient and effective teamwork:

1) how the project will be staffed and managed;

m) key measures for product quality and how satisfaction will be/determined;

n) key intermediate events and how such event completionwill be determined;

0) when, where and by whom activities and events willbe completed;

p) the technical risks involved and how risks will.be'managed;

q) potential opportunities and how the opportirnities will be identified and tracked;

r) the completion criteria for the processactivities;

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

t) how completion will be detexmiined.

NOTE Also relevant to the project planning process are ISO/IEC/IEEE 24748-4:2016, Systems and software
engineering — Life cycle management — Part 4: Systems engineering planning, 1SO/IEC/IEEE 24748-512017,
Systems and software engineering — Life cycle management — Part 5: Software development planning, ISOJIEC/
IEEE 16326:2009, Systéms and software engineering — Life cycle processes — Project management, and ISOfIEC/

IEEE 15289:2017, SyStems and software engineering -- Content of life-cycle information items (documentation)

6.7.3.2 Application of Project Assessment and Control Process (6.3.2)

Formalized methods for cost and schedule management exist. Examples include:

design-to-cost (used to establish a cost requirement equivalent to other system perfornfance
requirements);

event-based scheduting {used toestablishrevents; suchras mitestones, significantactivitiesamd 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) project technical progress using defined technical metrics based on estimated achievement and
milestone completion;

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

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

e) the effectiveness and value of supporting training;

f) the adequacy and availability of the technical infrastructure and services at defined intervals-to
onfirm that intra-organizational commitments are satisfied;

g) the quality and progress of the design of system, materials used, and enabling system services;

h) fechnical variances with project estimates and identify variances to cost,, availability and
performance specifications;

i) the effectiveness of technical data gathering, processing and dissemination;

j)  technical variations between expected results and assessment results todetect trends and identify
rToot causes; and

k) the quality of technical data gathered, the value of the infarmation derived, its timeliness,
ompleteness, validity, confidentiality (if required) and its benefit to recipients.

The Project Assessment and Control Process should be usedto’select, assess and collect system and
procgss measures to provide information for support of preject management. Specifically, it includes
determining:

a) progress of the project;
b) information for risk resolution;
c) eaningful financial and non-financialperformance; and

d) effectiveness and risk informationfor doing trade-off analyses and providing recommendations on
dctions to take and resulting impacts.

Use of the Project Assessment Process aids management decision making by providing information that
results from monitoring andanalysing project work to determine:

a) progress and achievement against plans (work productivity) and against technical requirements
product quality);

b) adherence tol{practices and procedures;

c) feadiness\to proceed to the next stage of the organizational view (through decision gates or
ilestehe reviews) or to the next level of the system structure;
I;

d) e¢fféctiveness, risks and opportunities associated with alternatives available to decision makers; and

e) 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 (caost/schedule measure)l amaount of waste number of engineering cha ges,
T 7 ol 7 =] =]

percentage of drawings completed, number of drawing errors, percentage of lines, 6f)|code
completed, rework percentage, idle time (for example work in progress), change rate andxturnover
in personnel. The criteria for process measure selection are based on how well enhancement in
project performance correlates with improvement in potential customer satisfactioniwith regpect
to cost, schedule and risk.

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

Technical reviews, audits and inspections are conducted against technicdl’plans in accordance [with
defined schedules to demonstrate conformance of actions and outcomes to planned technical worl.

Typical review objectives include determination of:

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

b) traceability of requirements, the validity of assumptiéns and decision rationale;

c) identification of un-resolved issues and those issues not determined during project work; and

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,
decision gate or quality review.

Non-conformance of deliverable. work products, services and processes should be recorded| and
appropriate actions recommendédto correct the out-of-conformance condition.

Use of the Project Assessment and Control Process aids the capture and management of outcomes from
project management andstechnical work including the redirection of that work to overcome obstacles,
to 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) formial — 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 rmammagentent isa generat procedure for Tesoiving Tisks: RiSKsare considered Tesotved witerr thre
poss]ble consequences are acceptable. Acceptable means that the project can live with the worst-case
outcome.

Riskjmanagement includes:

a)

b)

<)

fisk 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) measures for reporting risks and for determining the overall efféctiveness and efficiency of the
risk management effort;

the risk management process, that addresses:

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

2) analysisbased on established criteria to includé€stimation of risk probability and consequences
and the prioritization of risks;

3) planning of alternative strategies for riskresolution, definition of a specific risk action plan for
selected approach and establishmentof triggers (or thresholds) for taking risk resolution action;

4) resolution of risks by appropriately identifying triggers, implementing an action plan, report
results and continuing planned-actions till risk is acceptable;

%) tracking, to include menitoring risk status and comparing thresholds to risk status, using
triggers to provide eatly warning and reporting status based on risk measures; and

periodic reassessmerit of the risk management effort and measures to continually improve it.

Riskmanagement hastwo dimensions of awareness — past and future. The past dimension of risk is based
upor] past experiencesand includes benchmarking project measures and lessons learned, measuring actual
results with expected results, mapping available resources to requirements with respect to defining and
doing the wofk)and implementation of the plan to produce the product. The future dimension is based
on tifansformation of the project vision into goals and objectives used for establishing plans and being
awaile of\the future from which risks and opportunities are identified and the ambiguities of available
inforjnyation and resources as well as the uncertainties uncovered during work.

Risk management tools include ones for:

a)

b)

c)

36

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

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

risk alternative strategy planning — iso-risk charts, lessons learned, risk leveraging, warrantees
and insurance;

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


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

d)
e)

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

risk tracking — technical performance measures, earned value, measures and risk watch list;

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;

b) process risk — planning, staffing, tracking, quality assurance and configuration managenient

c) product risk — technical process implementation, work product characteristics, seqtirenpents

Risks can also be categorized based on the nature of their impact:

a)
b)

A

Risk resolution approaches may draw upon any combination of:

a)
b)
‘)
d)
e)
f)
g)

h)
1
j)

Keys to suceessful risk management include:

a)

b)

stability, design performance, complexity and test requirements.

cost;
schedule;

technical.

acceptance (live with it);

avoidance (eliminate);

protection (redundancy);

reduction (mitigation-risk management culttrre-do the right processes);

prevention (team activity-use integratéd product teams);

anticipation (quantitative risk management measures, prioritize, proactive approach);

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

research (more information);
reserves (contingency funding); and

transfer (to anether person or organization).

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

right process. Process transforms uncertainty into acceptable risk through risk management
activities including execution and definition.

)

d)

e)

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.

Assepsments of risk from [SO/IEC/IEEE 15288:2015, 6.3.4, should be included in the change management
partof configuration management.

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

6.7.3.6 Application of Information Management Process (6.3.6)

Information management typically includes: planning information; requirements; progress status
repofts; review data package and other materials for or from acquirer, prejeet management, and
technical reviews; design data and schema; lessons learned; the evaluation of input and output
inforjmation quality; variances and anomalies from validations and verifications and other progress
assegsments; data deliverables; approved changes; and work authorization’s and work orders resulting
from| management decisions, planning, or approved changes.

6.7.3.7 Application of Measurement Process (6.3.7)

Systém measures (also called product measures) are used\to assess stakeholder satisfaction and to
delivier an ever-improving value to the acquirers of project products and services. These measures
also pre indicative that the design process is continuiig in the direction of an acceptable solution. An
exanpple of an input system measure is the quality of materials and skills of assigned project personnel.
Examples of output measures include: customerscomplaints, in-service failure reports and technical
perf¢ormance measures (TPM).

A THM is a measure used to assess design“progress, compliance to performance requirements, and
technical risks for critical performancé-parameters. Selection of TPMs should be limited to critical
technpical thresholds or parameters that, if not met, put the project at cost, schedule, or performance
risk.|A TPM provides an early warning of the adequacy of a design in terms of satisfying selected critical
technical parameter requirements.

The [IPM includes the projected performance, such as a growth curve with thresholds of acceptable
varignce. Performance gfthe system or system element is tracked through the life cycle and compared
to thle projected and required values. Early in the life cycle the performance values may be estimated,
basefl on simulatiof ahd modelling. As the life cycle proceeds, actual data replaces estimates and adds
to the fidelity of the'information. This measurement of the design solution as it evolves allows action to
be taken earlyin the process, rather than wait until system testing to address.

Meagures'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 constrajnlts on
assuring quality. That is, it should be understood what each tool can not do, or where the toel‘cah not
provide a dependable result in all cases

The results of applying quality assurance methods should be used as a significanf input t¢ the
organizations knowledge management process.

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

b) did not, individually, have enough information to allow them to be addressed.
6.7.4 Application of technical processes (6.4)

6.7.4.1 General

Figure 6 provides a model for the application of the Technical processes of ISO/IEC/IEEE 15288:2015.
This model includes only the technical processes that are primarily used for engineering a sygtem-
of-interest. Three of the technical processes are-not explicitly shown in Figure 6: the Operation
Process, Maintenance Process and Disposal Rrocess. Those three processes are, however, discyssed
in 6.7.4.5. Those three processes should be used as appropriate to provide inputs to the Business or
Mission Analysis Process, or the Stakeholder Needs and Requirements Definition Process, or poth.
The requirements can be in the form of\acquirer requirements such as operability, supportability and
disposability or in the form of otheriinterested party requirements such as for enabling systems to
provide related services.

In the discussions below on the technical process model for engineering a system, process application
will be to a system whether.it is the top-level system-of-interest or one of the systems or system elenpents
in the system structureyoran enabling system. When a process application is relevant to just the syqtem-
of-interest or a system eléement in the system structure, then specific terminology will be used.

Although a systemcan be addressed over its full life cycle, it is common for projects to span|only
portions of thatlite cycle. For example, one project may analyse the business needs and stakeholders
for a new ot modified system, while a second project may define the system and yet a third prject
should turfthe 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
need:for a system, 6.7.4.3 covers system definition and 6.7.4.4 addresses system realization.

The Business or Mission Analysis Process, Stakeholder

v are-used,tog v aty oeess, 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.

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved 39


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

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

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.

Inputs from:
Operation and maintenance experience
Changes in external environment (e.g. laws)
Other interested party requirements for each system in system structure
-
L=t ’ Business or Mission Systen'.l
.- . Analysis
- Analysis Process
.- Process
-1 Stakeholder Needs and
Understand Requirements Definition
-
theneeds Process
T-- ~o System Requirements .
= Definition Process
Flow down of RN - Requiremerits for
acquirer = system element at
requirements for ¢ level X
level 2 to m of a-" (where 1<x<)0r:
-~ m,
system structure Architecture Definition
- Process .
] i
- '
Define the . - :
i Design Definitioon .
solution __ __ A= ¢ Process I_r\_r\—.l
___________ el o
Specifications to ¢ ) Dl I .
buy, implement, or - Specific implementation
reuse system i (e.g. software per ISO/
element Lt Implementation Process IEC/IEEE 12207)
!
. >, Integration’Process
Realize the Verification Process
solution
. N Bottom up
\\ realization from. ¢
R level mto 1 of
S . the system
s X staucture, Transition Process
N -
Validation Process _—
|
v
Delivery of system-of-interest to acquirer
Operation & maintenance experience with system
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 cenlpare
various types of conceivable solutions, in general terms, but only after a clear understanding-gf the
business or mission problem has been obtained through such things as:

a) soliciting and analysing feedback on current and projected results compared tocwhat is depired
from a strategic business or mission viewpoint;

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

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

d) identification of relevant stakeholders and their involvement from the start of the application af the
Business or Mission Analysis Process.

The Business or Mission Analysis Process is usually applied most intensively during the Concept Hhase
of 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 Proces$ and
the Decision Management Process. The Business or Mission Analysis Process applies to both the system
of interest and any enabling systems.

The organization should consider obtaining,independent outside as well as inside views and expdrtise
to support the Business or Mission Analysis‘Process for the business as well as enabling systems.

The Business or Mission Analysis Proeess should be repeated on a periodic basis, and performed ¢n an
ad hoc/as needed basis to respond to'changes in internal and external factors.

Concept applicability and impact;should be considered across stages as well as within any particular gtage.

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

6.7.4.2.3 Stakeheolder Needs and Requirements Definition Process (6.4.2)

The Stakeholder Needs and Requirements Definition Process can be used to identify, collect and
appropriately define stakeholder needs and then use them to develop stakeholder requirements| The
acquirerand other interested parties together form the stakeholders related to the system being
engineered. The acquirer provides the initial set of needs and requirements for each system ip 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

Lcrbhalaoyay.

¥hols
CIIC TIOC UCIUVV,

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

activlities of non-technical processes should also be examined to see iI they generate stakeholder
requjrements,

After the set of stakeholder requirements is defined, upward and downward traceability /(or
completeness and consistency checks) between the stakeholder requirements and stakelolder
needs should be performed to confirm that no requirements have been omitted or added Wwithout
accoyntability.

The $et of stakeholder requirements is the basis for performing the Validation Process/after the system
has Been implemented or integrated and verified. It is important to take into accotuit'the requirements
for the operation of the system and the business when addressing the Stakeholder Needs and
Requdirements Definition Process.

Stakeholder requirements constitute the raw inputs into establishing the) problem to be solved (new
syst¢m concept or modified system based on deficiencies, failures and other anomalies discovered
during use).

The fcquirer stakeholder can be internal to the organization (for'example another project, marketing
orgapization, parent product team, the product team itself, user, operator, executive manager,
supefvisor), or external to the organization (for examplera procurement agency, prime contractor,
another organization, customer, user, operator, owner, purchaser).

A user is a special case of the acquirer stakeholder, who operates a system (for example computer) or
who [installs a system (for example software) to form a higher-level system (for example a computer or
a mig¢rochip) in the system structure.

Interjested parties are also referred to-as “other stakeholders,” or parties other than the acquirer
interlested in the outcome of the engineering or reengineering work. Other interested party
requirements, not necessarily provided by the acquirer in the agreement, include:

a) o¢rganizational and projectirequirements such as those that deal with system markets and
rganizational processes;

b) ¢nvironmental, local,'national, and international regulations and laws; and

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

Stakeholder 1iegds are generally expressed as statements like “here is what I want done.” The statement
may,|but eften does not, initially say why the stakeholder has that need. Stakeholder needs elicitation
genefallywill 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.

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


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

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

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 (constrgint).

This process involves assuring that requirements for downstream system life cycle‘-¢ong¢erns
[production, test, operations and logistics (deployment, training, maintenance, disposal)] affefting
system functionality are identified.

The context of use description is a collection of information about the physical, technical, social and
cultural 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 supporting information yhen
preparing 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 design\alternatives. It is a referfence
document for the design of validation activities for a system (see ISO/AEC/IEEE 15288:2015, 6.4.11]. Itis
the most detailed source of information about the users of the systém and their working environment
and is used as the primary guideline when selecting users for trialsand tests.

NOTE See ISO/IEC 25063.3:2014, Systems and software enginéering — Systems and software product Quality
Requirements and Evaluation (SQuaRE) — Common Industry Eoriat (CIF) for usability: Context of use description,
for more information on defining and analysing context of use,

It is usually not possible to meet all stakeholder, (acquirer and other interested party) requirenpents
for a particular system since various stakeholders can have conflicting requirements relative t¢ one
another. These conflicts should be identified and resolved during the performance of this process, or as
soon as a conflict is identified during activities or one of the other technical processes. The effectiveness
assessment, trade-off analysis and risk adalysis activities should be used to resolve conflicts.

Measures of effectiveness (MOEs)xShould be explicitly identified for each system in the system
structure. An MOE is an “operational” measure of success that is closely related to the achievemgnt of
the operational objective being eévaluated, in the intended operational environment under a spedified
set of conditions; for example-how well the solution achieves the intended purpose. MOEs, which are
stated from the user/customer viewpoint, are the customer’s key indicators of achieving the objedtives
for performance, suitahility, and affordability across the life cycle.

The stakeholder réquirements are the basis for validating the implemented or integrated system that is
developed usingthe technical processes.

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

6.74.2.4 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
Requi . . : . : A .

is gepherally during the Development Stage. However, as with all ISO/IEC/IEEE 15288:2015 processes,
it cah be invoked 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 Progéss
applies to both the system of interest and any enabling systems.

The [functional boundary applies to systems that provide services as well as those (consisting of
products.

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

Reqyirements management is done in parallel with cost, schedule, quality, (configuration, interface,
risk [and change management activities that track compliance of project<agreement and technical
requjrements.

6.7.4.2.5 System Analysis Process (6.4.6)

The Pystem Analysis Process is used throughout the application’of the Business or Mission Analysis
Procpss, Stakeholder Needs and Requirements Definition Pro€ess and System Requirements Definition
Procpss for understanding system needs. However, since\it is equally used for the definition of the
syst¢m solution, described in the next subclause, discussion of the System Analysis Process is deferred
to 6.1.3.4.

6.7.4.3 Related Technical processes for definfing the system solution

6.7.4.3.1 General

The Architecture Definition Process\and the Design Definition Process should be used in conjunction
with|the System Analysis Processito-define specific, realizable solutions for a system from the top-level
syst¢m-of-interest down through'the lowest system element level of the system structure. Processes
for system realization are cqvered in 6.7.2.4.

6.7.4.3.2 ArchitectureéDefinition Process (6.4.4)

The ArchitectureDefinition Process is used to take the first step in translating a set of requirements
into fn actual response, i.e. a realized system. While it does not design the response in detail, it provides
variqus views_ahd models of what the response should look like to satisfy the requirements. While
archjtectingapplies to all types of systems, an analogy with architecting a building is useful: a building
archijtecture will show the general shape of a building — stakeholders can see a drawing or model of
the Quilding and look at it from various viewpoints. The architecture 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
lower level systems or system elements, or the requirements for enabling systems, or both. The sys

8(E)

next
tems

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

fcrease comptexity-Yseof mrewtechmotogies tamr provide a tompetitive edge but camratsoierease
In such considerations, new interfaces may be introduced and should be included in the set of sy
requirements through iteration of the System Requirements Definition Process.

Since the Architecture Definition Process follows the processes that build understanding of the sy
and precedes the processes that define and implement, it is in a key position to build len‘what has
done before and provide a basis for what is to happen next. Based on experience with the prior ve
of ISO/IEC/IEEE 15288, it has received additional emphasis in the 2015 version 6f ISO/IEC/IEEE 1
by being identified as a separate process, no longer merged into design. Conséquently, users of the
version of ISO/IEC/IEEE 15288 should take particular steps to obtain the resources and experti
implement this process thoroughly.

Architecture definition is concerned with developing potentially\feasible solutions for the s
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5288
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derived system requirements, as assessed from multiple viewpoints, and assuring system comcept

configuration integrity throughout utilization and support stages. The completed architecture sh
be used throughout the system life cycle to predict and trackfitness for use and for assessing cha
to the system.

Logical architecture definition includes looking, ‘at various logical decompositions and
representations of system requirements. There isno;set format or form for the various representat
The format or form selected is that which best,defines the functional, behaviour or data flow or
structure, as appropriate, and that allows bést assignment to potential physical elements, m3
operations or enabling systems for generating alternative physical architecture design solutions.

In arriving at an architecture definitioh solution that involves humans and human constraints
as physical space limits, climatic lithits, eye movement, arm or finger reach, information rates
ergonomics should be considered.-Also, human usability factors should be analysed. These factors 3

ould
nges
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ions.
data
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ffect

human interactions with othersystems and human interfaces to the system throughout the system life.

Scale models, purpose models, behavioural models, mathematical models and managerial models c
used during architecture definition to develop and communicate candidate solutions. The specific
model depends on thé applicable organizational view stage, its purpose or agreement requirement

hn be

type
S.

During architecture definition, it can be necessary to repeat the Stakeholder Needs & Requirements

Definition Proeess and System Requirements Process, if it is determined that requirements cg
be met becaugse of unresolved issues related to the solution factors (see architecture design exp¢
outcomes)or adverse cost, schedule, performance or risk impacts for available alternatives.

In determining the preferred architectural candidate, analyses of each alternative is made witl
following considerations:

nnot
cted

h the

1) nhusicalintorfaces (human form fit function data flow and interanerahility):
J ) Sl A8 4 4 7 = e r d JJ

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 param
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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) ¢ffect of design considerations to maintain or make a physical solution alternative competitive
ith potential or existing competitor products;

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

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

h) dlegree to which attributes of security, safety, producibility, testability,\ease of deployment,
installability, operability, supportability, maintainability, trainability anddisposability are capable
f being designed in;

i) eeds, requirements and constraints for enabling systems;

j) ¢apacity to evolve, or be re-engineered, incorporate new{technologies, enhance performance,
increase functionality or other cost-effective or competitive/improvements, when the system is in
roduction or in the marketplace;

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

1) advantages and disadvantages of implementing the system element or of doing integration within
the organization or going to an established-supplier;

m) gdvantages and disadvantages of using standardized system elements, protocols, interfaces and
$o forth;

n) integration concerns that caninelude:
1) potential hazards to-other systems, operators or the environment;
2) built-in test and-fault-isolation test requirements;

3) ease of access, ready disassembly, use of common tools, part count effect, advantage of
modularityystandardization and less need for cognitive skills; and

4) dynamic or static conflicts, inconsistencies and improper functionality of the integrated
elements that make up the solution.

It aldoCean be necessary to re-engineer the selected system architecture for systems or the system-of-

interesthigher im 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 information that can then be implemented with specific hardware, software, etc. Following
the analogy of a building, this process should take the information from the views of the proposed
structure, and any models, and translate them into a full set of blueprints with all details on dimiengions,
materials, critical characteristics, etc.

The Design Definition Process continues until the implementable level of detail is/achieved fof 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 Desighr Definition Prqgcess,
and 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 Process.

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

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

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

c) a data structure with corresponding function$ and processing flows related to the datal 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 operpting
order, as appropriate to input.or output criteria;

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

i) a functional(failure modes and effects table that indicate the possible effects of a function fajilure
mode, su¢lhas not doing what it is designed to do or doing a function for which it not expectgd to
perform. Possible resolutions for each failure mode should be generated;

j) objects that encapsulate a partition and mapping of technical requirements and thaf are
characterized by services (behaviours, functions and operations) provided by encapsulated
attributes (values, characteristics and data);

acA
1Ay a ST

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

Procgssshoutdbeapphed—Othermterestedparty requitenentsshoutdatso bedetermmimedimorderto
form| the input set of stakeholder requirements for each system or system element at the next level of
the system structure.

The recursive loop of Figure 7 is continued until all system elements of the system structure have/been
defirled and no additional systems or system elements need to be developed. System elements can
occuf at any level x of the system structure. At each level x, when no further developmentis\needed for
a sygtem in the system structure, the next set of processes for system realization should be performed.
This|is an example of the recursive application of technical processes to enhance the\top-level system-
of-inferest definition by defining its lower level systems and system elements. The top level for one
orgahization can be the system that will be purchased by a consumer in a commercial market, such as
an aytomobile. The top level for another organization can be a system within/the’system structure such
as a motor that will be assembled into the automobile by another organizatiot.

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

The fecursive application of the first three processes of Figure Zis repeated within the system structure
untilthe Implementation Process can be applied to every system element, down to the lowest level, for
the system of interest and any enabling systems. At this point the system is fully designed.

The fequirements for enabling systems come from:

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

b) derived technical requirements for systems and generated applying the Architecture Definition
rocess. Thus, initiation of enabling system development or procurement (a function of the
roject’s system boundary) is depefdent on the completion of the architecture definition solution
or the system being engineered or re-engineered and also the applicable system life cycle stage
4nd related engineering viewsactivity or organizational view stage.

The ptakeholder Needs & Requirements Definition Process, System Requirements Definition Process
and Architecture Definition‘Process are also used for developing enabling system solutions after the
requjrements for such development are identified and defined as a result of defining the system-of-
interjest or system element being developed. Enabling system development or procurement of enabling
systéms is applicable)for each system -of-interest and system element in the system structure.

The defined system requirements are appropriately allocated to the generated logical architecture
defirlition representations. From the various representations, a set of derived requirements is
genefratedithat is used for design definition. There can be unassigned requirements after this allocation
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
rrts—cHmaticHmits ‘ . — . : d be
considered. Also human usability factors should be analysed. These factors affect human interag¢fions
with other systems and human interfaces to the system throughout the system life.

The specification (specified requirements) generated by architecture definition can establish a specific
level of required system performance without saying how that performance is to be achieved. This is
termed a performance specification (although performance-focused should be a more accurate t¢rm).
If the result of the architecture definition goes into more detail, including specific ways in which the
performance should be achieved, this is termed a detailed design. Which kind\is-generated is gendrally
dependent on the next step in development or how they will be used. If the’next step is developmgnt of
a lower level system and it is desired that the supplier have flexibility to'be’innovative in providing an
acceptable solution, performance specifications are used. Performance'specifications are used when it
is appropriate to state requirements in terms of:

a) therequired results without stating the method for achievinig'the required results;

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

c) theenvironmentin which the system-of-interestor system element should perform these functions;
d) the interface 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
or more of the following:

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

The initial or ?design to” specifications provide the input acquirer requirements for initiating
development of the systems. These initial specifications are finalized after the Stakeholder Neqgds &
Requirements Definition Process, System Requirements Definition Process and Architecture Definition
Process _are progressively and iteratively applied to each level system elements. Specifications
describethe required characteristics of systems in the system structure and include the functjonal
and«performance requirements, interface requirements, the environments in which the systemp are
required to perform their functions, physical characteristics and attributes, the basis for evalupating
verification and validation test systems, the methods for verifying compliance, intended useq and

EITADHTIE SyStenT TEqUITEIES:

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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b) explicit steps to identify and validate analysis assumptions;
c) techniques thatinherently provide a range of possible responses, rather than single point solutions;
d) methods to assess risks of the analyses and their results;

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

f) {ools that support analyses without forcing unacceptable constraints on the analysis;
g) ethods to capture, accumulate, and retrieve, knowledge of current and prior analyses; and

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

Resullting sets of architecture definition solutions and related derived requirements should’be evaluated
to show as applicable that each set of derived requirement statements for the solution has acceptable
quality to include:

a) ¢onfirmation that intended functions of the system and related services (éxpressed by the derived
fequirements and requirements allocated directly to the candidatesarchitecture solution) are
orrectly implemented;

b) gystem and related services constraints, including interfaces, aré satisfied;
c) fesolution of identified voids, variances, and conflicts including:
1) re-write of derived requirements to be of acceptable quality;

2) confirmation that appropriate action has been taken when the specified requirements are
not upward traceable to the set of derived.requirements driving the candidate architecture
solution and the requirements allocated ditectly to solution physical entities;

3) determination whether non-sourced~(orphaned) specified requirements were introduced,
whether they were intended to be-included and whether they are desired by appropriate
stakeholders;

4) omitted derived requirements have been added to the candidate architecture solution when
derived requirements wére determined to be inadequately reflected in the selected candidate
architecture solution;

%) identification andrecording of actions taken to eliminate non-sourced specified requirements,
to establish the)Correct set of derived requirements or to revise the set of validated
requirements;

¢) proof that re-verification of the specified requirements has been done when a change is
needed to the set of validated requirements and that the appropriate activities and tasks of
thesfequirements analysis process and architecture definition process were re-performed, as
appropriate; and
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were traced to poor verification conduct or to inadequate verification environment.

3
4

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

a) 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;

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

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

e) 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 thgt are
required to guide detailed design of a product are an exception to this;

f) implementability — requirement statement contains information necessary to enable,requirement
to be implemented;

g) modifiability — necessary changes to a requirement can be made completely and consistently};

h) removal of ambiguity — allows only one interpretation for meaning<ef the requirement, for
example not defined by words or terms such as ‘excessive, ‘sufficient’ and resistant’ that cannpt be
measured;

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

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

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

1) abstraction — the correct level of abstraction for the organizational view stage and maturity of

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

1y
2)

3)

To help ensure achievability of requirements the supplier should consider:

a)

b)

‘)
d)

the system.

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

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

removal of conflicts<=‘requirement is not in conflict with other requirements or within itself.

existing system elements such as commercial-off-the-shelf, known as COTS, that can help rgduce
development time and cost but may increase complexity;

intreduction of new technology that can provide a competitive edge;
possible physical solutions; and

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
requirements; and

4) proof that re-validation of the set of technical requirements has been done when a change is
needed to one of the validated sets of stakeholder needs and that the appropriate @ctivities
and tasks of the stakeholder needs definition process and requirements analysis ptoCess were
performed again, as appropriate.

6.7.4.4 Related Technical processes for system realization

6.7.4.4.1 General

Techpical processes for system understanding and definition are covered in 6.7.4.2 and 6.7.4.3. The
Implementation Process, Integration Process, Verification Process, Transition Process and Validation
Procpss should be used to realize the architecture design solutionr for each system in the system
strugture from the bottom system element to the top-level system-of-interest of the system structure.

After all system elements of the system structure are appropriately implemented, the definition
of the system structure is complete. Then the bottom up, recursive application of the Integration
Procgss, Verification Process and Transition Process should be performed from the lowest level of
the dystem structure to the highest for each system:and for the system-of-interest. Each implemented

and

ntegrated system element should be verifiedsusing the Verification Process before integration is

perfogrmed at the next higher level of the systen¥structure. Commonly, a final validation is done after
trangition and on a system basis. However, each system implementation should be evaluated for an
apprppriate validation strategy.

6.7.4.4.2 Implementation Process (6.4.7)

The
Att

mplementation Process cafitbe used when further development of a system element is not needed.
is point the system element'defined as part of an architecture design solution can be implemented.

The Implementation Process should be used to transform such system element definitions into products
or sefvices appropriateto the applicable life cycle stage. The implemented system element can be either
a single product or a eohiposite product depending on its position in the system structure and its ability
to bg appropriatelymodelled, built, bought or reused.

Aspécts to consider in forming the implementation strategy include:

a)

b)

hetherrimplementation produces a novel system element, or a system element that is reproduced
ceording to existing design and implementation data or is an adaptation of an existing system
lement:;

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

safety, security, privacy and environmental factors;
implementation location and environment;
implementation skills, their availability and sustainability;

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.
System elements consisting solely of hardware items can be:

a) 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) 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 items, can be
purchased from a supplier or reused.

System elements that are services or products othier than hardware or software (e.g. data, humans,
processes (e.g., processes for providing serwvice to users), procedures (e.g., operator instructions),
facilities, materials and naturally occurringentities) can either be obtained from a supplier or thrpugh
in-house capabilities.

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

The “as-built” configuration should be recorded and maintained throughout the system life cycle.

6.7.4.4.3 Integration Process (6.4.8)

The Integration Pnocess can be used after the lower level system elements have been implemented and
delivered to thejintegrator responsible for integration into a system at the next level above. Integration
of the systemy elements may be performed by the same party that performed the implementati¢n or
by the agquirer. The implemented system elements are assembled and integrated into a higher{level
system in accordance with the configuration descriptions developed during the top down definlition
and_design of that system. This newly integrated system is verified using the Verification Prqgcess,
transitioned to the acquirer at the next level above using the Transition Process and validated using the
Validation Process. This bottom-up integration of systems is continued until the top-level systeﬁ—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.
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