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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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-governmental, in liaison with 1SO, also take part in the work. ISO collaborates closel
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directivés, P3
main task of technical committees is to prepare International Standards. Draft/international

pted by the technical committees are circulated to the member bodies forxvoting. Publicg
rnational Standard requires approval by at least 75 % of the member bodies casting a vote.

which is normally published as an International Standard (“state of the art”, for example), it ma
lish a Technical Report. A Technical Report is entirely informative,in nature and shall be subje
ry five years in the same manner as an International Standarg-

ts. 1ISO shall not be held responsible for identifying anyor all such patent rights.

/IEC TR 24748-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information

5 first edition of ISO/IEC TR 24748-2 cancels and replaces ISO/IEC TR 19760:2003, whichl has been
nnically revised.
/IEC TR 24748 consists of the, following parts, under the general title Systems an¢ software
ineering — Life cycle management:
Part 1: Guide for life cycle management
Part 2: Guide to thé:application of ISO/IEC 15288 (System life cycle processes)
Part 3: Guide.tothe application of ISO/IEC 12207 (Software life cycle processes)
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Introduction

ISO/IEC 12207:1995 (Information technology — Software life cycle processes) and ISO/IEC 15288:2002
(Systems engineering — System life cycle processes) have application guides (ISO/IEC TR 15271:1998 and
ISO/IEC 19760:2003, respectively) for the use of each International Standard individually. However, both
International Standards were re-published in 2008 after significant revisions to align their terminology and

structure.
standards

ISO/IEC TH
cycle man
ISO/IEC 14
managemg

fs a consequence, the two published application guides no longer relate to their respgec

nd can not provide the guidance intended.

R 24748-1 (Systems and software engineering — Life cycle management — Part 1: (Guide for
agement) was published in 2010 to facilitate the joint usage of the process"” content
288:2008 and ISO/IEC 12207:2008 by providing unified and consolidated guidance on life cy
nt of systems and software. This helps ensure consistency in system concepts and life cy

concepts, models, stages, processes, process application, key points of view, adaptation and use in vari

domains ag
for managi
cycle procd

5 the two standards are used in combination. That in turn helps a project design a life cycle mg
ng the progress of its project. ISO/IEC TR 24748-1 also aids in identifying and planning use of|
sses described in ISO/IEC 15288 and ISO/IEC 12207 that enable the-product or service projed

be completed successfully, meeting its objectives/requirements for each stage‘and for the overall project.

This part g
part of |
ISO/IEC 13

f ISO/IEC TR 24748 supports use of ISO/IEC 15288:2008 and replaces ISO/IEC TR 19760. 1
BO/IEC TR 24748 and its companion, ISO/IEC TR 24748-3 (Guide to the application
207) — which replaces ISO/IEC TR 15271 — continde and make use of the alignment ef

evident in the two revised International Standards. Both termjnology and structure in the guides are ident

wherever p
the users

ossible and content is aligned consistent with that.invthe two International Standards. Conseque
of ISO/IEC 12207:2008 and ISO/IEC 15288:2008 will benefit from having documg

complementarily addressing all aspects of products or services over their life cycle.
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b above, there is also increasing recognition of the importance of ensuring that all life cycle stag
ects within each stage, are supportedwith thorough guidance enabling alignment with any proc
subsequently created that focus on areas besides systems and software. This could incl
humans, processes (e.g. revieWw.process), procedures (e.g. operator instructions), facilities
pbccurring  entities (e.g. water, organisms, minerals). The concept and structure of
R 24748 series of Technicaj\Reports is intended to allow its extension to such additional dom3
will provide value to users:
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TECHNICAL REPORT

ISO/IEC TR 24748-

2:2011(E)

Systems and software engineering — Life cycle management —

Part 2:
Guide to the application of ISO/IEC 15288 (System life cycle

processes)

1 | Scope

Thip part of ISO/IEC TR 24748 is a guide for the application of ISO/IEC 15288;2008. It addresses system, life
cyde, process, organizational, project, and adaptation concepts, principally through reference to
ISQ/IEC TR 24748-1 and ISO/IEC 15288:2008. It then gives guidance ofi applying ISO/IEC 15288:2008 from
the|aspects of strategy, planning, application in organizations, and application on projects.

This part of ISO/IEC TR 24748 is intentionally aligned--with both ISO/IEC TR 24748-1 and
ISQ/IEC TR 24748-3 (Guide to the application of ISO/IEC 122@7)n its terminology, structure and cpntent.

2 | Terms and definitions

For the purposes of this document, the terms.anhd definitions given in ISO/IEC 12207:2008, ISO/IEC
15488:2008 and ISO/IEC TR 24748-1:2010, apply.

3 | Overview of ISO/IEC 15288:2008

3.1 General

ISQ/IEC 15288:2008, Systems,and software engineering — System life cycle processes, establishes|a common
framework for system life* cycle processes, with well-defined terminology, that can be referenged by the
systems engineering industry. It applies to the acquisition of systems, which can be comprised gf products,
seryices, or both, as‘well as to the supply, development, operation, maintenance, and disposal ¢f systems,
whether performed ‘internally or externally to an organization.

ISQ/IEC 15288:2008 may be used stand alone or jointly with other International Standardsg, such as
ISQ/IEC 12207, and supplies a process reference model that supports process capability assessment in
acdordance with ISO/IEC 15504-2 (Process assessment).

The purpose of ISO/IEC 15288:2008 is to Inmvidn a defined set of pracesses to facilitate communication

among acquirers, suppliers and other stakeholders in the life cycle of a system. ISO/IEC 15288:2008 is written
for acquirers of systems and for suppliers, developers, operators, maintainers, managers, quality assurance
managers, and users of systems.

3.2

Structure of ISO/IEC 15288:2008

ISO/IEC 15288:2008 contains requirements in two Clauses:

Clause 6, which defines the requirements for the system life cycle processes,

Annex A that provides requirements for tailoring of ISO/IEC 15288:2008.

© ISO/IEC 2011 — All rights reserved
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Five infor

mative annexes support the use of ISO/IEC 15288:2008 or its harmonization with
ISO/IEC 12207:2008:

— Annex B provides information about use of the system life cycle processes as a process reference model
to support process assessment.

— Annex

C provides a description of the process constructs used in ISO/IEC 15288:2008.

— Annex D provides an example of a process view for Specialty Engineering, intended to illustrate how a
project might assemble processes, activities and tasks of ISO/IEC 15288 to provide focused attention to

the achisvement-ofproduct-characteristics-that-have-been-selected-as-being-of-specialinterest
1 ) 1 T

— Annex

— Annex
standg

Readers o
understand

3.3 Context of ISO/IEC 15288:2008

ISO/IEC 15
relationshif
that encom
to organizs
system is g

The contex

P

E describes the alignment of the processes of ISO/IEC 15288 and ISO/IEC 12207.

F provides support for IEEE users and describes relationships of ISO/IEC 15288:2008 to IH
rds.

f ISO/IEC 15288:2008 are advised to consult clause 5 of that International Standard to g
ing of the key concepts used.

288:2008 has a focus on the processes that are used by orfor/a project that exists in a defi

with the organization, other projects and enabling systems.”A project is assigned responsib
passes one or more life cycle stages of the system-of-interest. ISO/IEC 15288:2008 is applicg
tions and projects whether they act as the acquirer or¢the supplier of a system and whether
omprised of products, services, or a combination of-beth.

t of ISO/IEC 15288:2008 is illustrated in Figure 4.

bject span of
control

Syste
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Life cycle stages required work on or with
(S1, S25 --+» Sn) software within life cycle
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Figure 1 — Context of ISO/IEC 15288:2008
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A single project may involve multiple organizations working together as partners. Such a project should use
ISO/IEC 15288:2008 to establish common terminology, as well as information flows and interfaces among the
several organizations to enhance communications.

When an organization applies ISO/IEC 15288:2008 to a particular system, that system becomes the system-
of-interest. The system-of-interest has a life cycle that consists of multiple stages through which the system

passes during its lifetime, denoted s4, s, ..

. Sp. An example of typical stages is:

S4: concept,

NO

NO
pro

An

with support as needed. Each life cycle stage can require ‘'one or more enabling systems. Enabli

tha
as
1S

NO

NO
ISG

1SQ
sys
usdg
life

NO
ISG

NO

In

Ss! dn\/nlnpmnnf,
S3: production,
s4: utilization,
Ss: support,
Sg retirement.

['E 1

Stages are described in clause 5.2.2 of ISO/IEC 15288:2008 and inrclauses 3.2 and 4 of ISO/IEC

TE2  The management of the progression from one stage to anothér and the engineering activities ass
iding appropriate work products and decision-making information areZdescribed in clause 5 of ISO/IEC TR

umber of enabling systems are deployed throughout the, system life cycle to provide the systen

cooperate with the system-of-interest during its utilization, support and retirement stages can
well. It is important to note that an enabling system has its own life cycle and
/IEC 15288:2008 is applied to it, it then becomes’a system-of-interest.
FE 3  The role and use of enabling systems are described in clauses 4.6.3 and 5.4.3.5 of this Technical

[E 4
IEC TR 24748-1.

/IEC 15288:2008 is applicable at any level of the structure associated with a system-of-intg
tem is decomposed recursively into its system elements, the processes of ISO/IEC 15288:20
d for each system and’system element in the system structure. Each system and system ele
cycle of its own and‘its‘own set of enabling systems.

E 5 For related material on system structure, see clause 5.1.3 of ISO/IEC 15288 and clau
IEC TR 24748=1.
FE 6 _ Awiew from a project hierarchy perspective is given in Clause 4.6.4 of this Technical Report.

prdér to perform needed operations and transformations upon systems during their life

TR 24748-1.

ociated with
24748-1.

-of-interest
g systems
be needed,
that when

Report.

For related material on enabling systems, see also clause 5.1.4 of ISO/IEC 15288 and clafse 3.1.5 of

prest. As a
08 may be
ment has a

ke 3.1.4 of

cycles, the

org

3 'Y + | HY H + D : 4 | Aafi Al L | PN H 'Y d f
fHZatotreateSantmMonttors projeCiSTrojecis naveGenneaScope resources(imciaing—tme) and T0Cus.

The scope can involve managing all of the stages of the life cycle, a subset of the stages, one or more defined
processes or one or more process activities. The time scale can be of varying duration, for example one hour
or tens of years. The focus of the project is related to the system-of-interest and its systems and system
elements in some form of system structure or stage partitioning.

NOTE 7 Related project concepts are described in Clause 4.6 of this Technical Report.

NOTE 8  System life cycle concepts are described in clause 3.2 of ISO/IEC TR 24748-1.

Organizations focus on systems that are created by projects within the organization or in conjunction with
other organizations. Projects have a span of interest that includes the system-of-interest and its related

© ISO/IEC 2011 — All rights reserved
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enabling systems. Some enabling systems are under direct control of the project. The system-of-interest and
those enabling systems make up the project span of control.

NOTE 9

The span of interest is described in Clause 4.6.3 of this Technical Report.

The work performed by projects is on or with the system-of-interest within one or more life cycle stages. The
scope of ISO/IEC 15288:2008 includes the definition of an appropriate life cycle for a system, the selection of
processes to be applied throughout the life cycle and the application of these processes to fulfil agreements

and achiev

e customer satisfaction.

ISO/IEC 15288:2008 can be applied to all types of product- or service-focused systems and system elements

consisting pf one or more of the following: hardware, software, humans, processes, procedures, facilities, fnd

naturally ogcurring entities. The use of ISO/IEC 15288:2008 for systems within this broad scope is pne. of its

main advantages.

The use of|the standard may be adapted to accommodate the varying project requirements in‘treating system

life cycles.

NOTE 10 [This may be performed by adapting the life cycle as described in clauses 6 and 7 of ISO/IEC TR 24748-1 fand

tailoring desgribed in Annex A of ISO/IEC 15288:2008.

3.4 Comparison to prior version of ISO/IEC 15288:2008

Clause 9.1| of Technical Report ISO/IEC TR 24748-1 gives extensive détailed comparison between the 2002

and 2008 versions of International Standard ISO/IEC 15288, as well as.comparisons between the old and new

versions of International Standard ISO/IEC 12207 and between |nternational Standards ISO/IEC 15288 and

ISO/IEC 12207. Basically:

— The sfructure of the processes in ISO/IEC 15288:2008-has been changed to align with the structurg in
ISO/IHC 12207:2008 by decomposing process activities' into more detailed tasks.

— Individual processes have been adjusted in both International Standards. This mostly consists of procgss
renamjng in ISO/IEC 15288:2008, with a few*processes added or combined with others, as shown in
Figure|2.

ISO/IEC 15288:2002 | ISO/IEC 15288:2008 |
Clayse Process Clause Process Changes
5 System life cycle processes | 6 System life cycle processes
5.1 Introduction Deleted
5.2 Agreement’processes 6.1 Agreement processes Numbering
5.2.1 Introduction 6.1 Agreement processes Combined into
6.1; deleted
separate clause
5.2.4 Acquisition process 6.1.1 Acquisition process Numbering
5.2.3 Supply process 6.1.2 Supply process Numbering
53 Enterprise-precesses 62 Organizational-prejeet Topic-and-title
enabling processes revised;
numbering
5.3.1 Introduction 6.2 Organizational project- Combined into
enabling processes 6.2; deleted
separate clause
53.2 Enterprise environment 6.2.2 Infrastructure management Topic and title
management process process revised;
numbering
5.3.3 Investment management 6.2.3 Project portfolio management | Topic and title
process process revised;
numbering

© ISO/IEC 2011 — All rights rese

rved


https://iecnorm.com/api/?name=ea75ec30947bb1cf643a826ad5649cff

ISO/IEC TR 24748-2:2011(E)

ISO/IEC 15288:2002 | ISO/IEC 15288:2008 |
5.3.4 System life cycle processes 6.2.1 Life cycle model management | Title revised;
management process process numbering
5.3.5 Resource management 6.2.2 Infrastructure management Separated human
process process resources from
6.2.4 Human resource management | other resources;
process numbering
5.3.6 Quality management process | 6.2.5 Quality management process | Numbering
5.4 Project processes 6.3 Project processes Numbering
544 ntroduction 6-3 Projectprocesses Combinednt
6.3; deleted
separate clause
5.4.2 Project planning process 6.3.1 Project planning process Numbering
543 Project assessment process 6.3.2 Project assessment and Processes
544 Project control process control process ;nuer;%ee%ng
54.5 Decision-making process 6.3.3 Decision management Title revised;
process numbering
5.4.6 Risk management process 6.3.4 Risk managementprocess Numbering
547 Configuration management 6.3.5 Configuration management Numbering
process process
54.8 Information management 6.3.6 Informatieymanagement Numbering
process process
6.3.7 Measurement process Added
5.5 Technical processes 6.4 JTechnical processes Numbering
5.5.1 Introduction 6.4 Technical processes Combined intp
6.4; deleted
separate clause
55.2 Stakeholder requirements 6.4.1 Stakeholder requirements Numbering
definition process definition process
5.5.3 Requirements analysis 6.4.2 Requirements analysis Numbering
process process
5.5.4 Architectural desigh_process 6.4.3 Architectural design process Numbering
5.5.5 Implementation‘process 6.4.4 Implementation process Numbering
5.5.6 Integration precess 6.4.5 Integration process Numbering
5.5.7 Verification process 6.4.6 Verification process Numbering
5.5.8 Transition process 6.4.7 Transition process Numbering
5.5.9 Validation process 6.4.8 Validation process Numbering
5.5.10 Operation process 6.4.9 Operation process Numbering
5.5.11 Maintenance process 6.4.10 Maintenance process Numbering
5.5:42 Disposal process 6.4.11 Disposal process Numbering
Annex A | Tailoring process Annex A | Tailoring Title revised

Figure 2 — Mapping of process clause sets between ISO/IEC 15288:2002 and ISO/IEC 15288:2008

4 Application concepts

4.1 Overview

This Technical Report provides guidelines for life cycle management in the field of systems. This clause
highlights and explains essential concepts on which this Technical Report is based, and introduces key
concepts useful in reading and applying ISO/IEC 15288:2008.

NOTE ISO/IEC TR 24748-1 provides more information on concepts related to life cycle management in general.
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4.2 System concepts
Application of ISO/IEC 15288 presupposes an understanding of system concepts. System concepts for

systems that are any mix of products and services are introduced in ISO/IEC 15288, clause 5.1. Additional
discussion is in ISO/IEC TR 24748-1, clause 3.1.

4.3 Life cycle concepts

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

NOTE Fife——Tycle—comncepts—are —ntroduced—imtSOAEC 15288, —Tlause 52— Additiomat—distussiom—is] in

ISO/IEC TR|24748-1 clause 3.2.
4.4 Progess concepts
441 General

4411 Introduction
Application| of ISO/IEC 15288 presupposes an understanding of process concepts.

NOTE 1 Process concepts are introduced in ISO/IEC 15288, clause( 5.3. Additional discussion is| in
ISO/IEC TR|24748-1 clause 3.3.

The focus pf ISO/IEC 15288:2008 is on the processes that are applied within a life cycle. The processes fan
be used by organizations (for example functional organizations™and projects) that play the role of acquirer,
supplier (for example main contractor, subcontractor, of/seérvice provider) or management to fulfil
responsibilfties pertaining to the system-of-interest. Additionally, the processes in ISO/IEC 15288:2008 car| be
used as a rfleference model for assessments under ISO/IEC15504.

A process|is an integrated set of activities that, transform inputs (for example a set of data such|as
requirements) into desired outputs (for example a:set of data describing a desired solution). An activity is a|set
of cohesive tasks. A task is a requirement, recommendation, or permissible action, intended to contribut¢ to
the achievement of one or more outcomes ofa process.
A task is expressed in the form of a requirement, self-declaration, recommendation, or permissible action. |[For
this purpoge, Note 3 of Clause 2.3lin International Standard ISO/IEC 15288:2008 carefully employs certain
auxiliary vgrbs to differentiate between the forms of tasks:

— “Shalllis used to express-d requirement of ISO/IEC 15288:2008;

— “Should” to express-a recommendation;

— “May” to indicate permission.

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

NOTE 2 Process concepts are introduced in ISO/IEC 15288, clause 5.3, ISO/IEC 12207, clauses 5.1.9 and 5.1.10, and
ISO/IEC TR 24748-1, clause 3.3.

NOTE 3  Criteria for processes are discussed in ISO/IEC 12207, clause 5.1.8, and the decomposition of processes are
discussed in clause 5.1.11. ISO/IEC 15288 does not contain corresponding material.

Figure 3 illustrates example inputs and outputs of a process for engineering a system. The inputs can be

either converted to desired outputs or can enable or control the conversion. Each set of these process inputs
and outputs needs to be defined and managed.
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Figure 3 — Example process inputs and outputs

1.2 Inputs
Lits can come from outside an organization or project, or from otherprocesses that precede or
process being examined. Examples of inputs to a process include;
Information, such as requirements, interface or architecture definitions.
Data, such as measurements and test reports.
Material that either ends up in the output or is consumed in producing the output.
Services that are part of a chain of servicés, such as setting up a computer prior to, or coir
establishing an account.
1.3  Outputs
puts can go to other processes-or back to the same process (recursive processing) inside the o

ect (or both), or they can go.eutside the project or organization, or both. Examples of outputs p
mples given for inputs in'4.4.1.1. However, the outputs are often (but not necessarily) transform
by the process being.examined.

14 Controls

cesses caf‘be controlled by organizational or organization management directives and constra
ernmentalregulations and laws. Examples of such controls on a process include:

Theproject agreement.

HCccompany

cident with

rganization,
arallels the
ed in some

ints and by

b)

c)

d)

The interfaces with processes used on other systems for which the project is responsible (see Clause

4.6.3 of this Technical Report).

The applicable system life cycle stage or stages.

Internal standard practices of the organization, or the part of the organization that has project

responsibility.

4415 Enabling Mechanisms

Each process can have a set of process enabling mechanisms such as listed below.
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a) The workforce that performs the tasks related to the process.

b) Other resources required by the process such as facilities, equipment and funds.

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

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

4.4.2 PrTess-pﬁwE'rp#es
4.4.21 ntroduction

ISO/IEC 1§

retirement.
processes.

288:2008 establishes a top-level architecture of the life cycle of systems from congeption thro
The architecture is constructed with a set of processes and interrelationships“among th
The processes are based on two primary principles: modularity and responsibility:

4.4.2.2 Modularity

The proces

a) Strong
proces
b) Loose
the am

In principle

may empld
scoping, af

a) A prodg
cycle 4

b) Each

c) Ifaprg
d) Ifafun
e) Itmus

f) Each

ses are modular, in that they are:

ly cohesive: All the parts of a process are strongly related. This reduces the dependency of
s on others, which in turn increases the efficiency with which the process can be executed;

y coupled: The number of interfaces among the processes is kept to a minimum, which redu
ount of communication required for each process tg successfully complete.

each process is dedicated to a unique function‘at each usage in a given stage of the life cycle
y another process for a specialized function. The following presents the rules for identify
d structuring processes:

ess must be modular i.e. one procéss should perform one and only one function within the
nd the interfaces between any two, processes should be minimal;

rocess is invoked in the architecture;

cess A is invoked by a process B and only process B, then A belongs to B;

ction is invoked by.more than one process, then the function becomes a process in itself;
be possible to'verify any function within the life cycle model;

rocess-should have an internal structure defined sufficiently to be executable.

Ligh
bse

pne

ces

and
ng,

life

44.23

Responsibility

The principle of responsibility is closely linked to the concept of an organization. Each process is considered
the responsibility of an organization (or party). An organization may perform one or more processes. A
process may be performed by one organization or more than one organization, with one of the organizations
being identified as the responsible party. A party executing a process has the responsibility for that entire
process even though the execution of individual tasks may be by different people.

The responsibility principle facilitates tailoring and application of ISO/IEC 15288:2008 on a project, in which
many persons may be legitimately involved.

NOTE 1

ISO/IEC TR 24748-1, clause 3.3.2 provides more information on process responsibility.
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NOTE 2 Organizations and parties are discussed in clause 4.6 of this Technical Report.

4.4.3 Process categories of ISO/IEC 15288:2008

The four process groups of ISO/IEC 15288 as well as the primary relationships between the groups are
portrayed in Figure 4. The role of the Organizational Project-enabling and Project groups of processes is to
achieve the project goals within applicable life cycle stages to satisfy an agreement. Organizational Project-
Enabling processes provide enabling resources and infrastructure that are used to create, support, and
monitor projects and to assess project effectiveness. The project processes ensure that adequate planning,
assessment, and control activities are performed to manage processes and life cycle stages.

Ap;Lropriate processes are selected from the Technical Processes and used to populate projects, jn order for
the|project to perform life cycle related work.

» Agreement Used to arrive at and
Processes satisfy an agreement
Deliverable that
satisfies agreement |—+ Used to establish requiremehts
Used to assess |Organizational Project-
l'qua//fy and progress | enabling Processes. /coq 1o create,
support and
v monitor projects
System-of-
Used to manage Project
Life cycle stages life cycle stages Processes
(S1) Sy +.v 15n) 7 Used to manage
T Outcontes tsed t I—* technical processes
assess.progress .
Usea_’ to create proaducts and P £7| Technical
services of life cycle stage
Processes

that meet requirements

Figure 4 — Role of the ISO/IEC 15288:2008 processes

Prgjects may need to establish relationships with other projects within the organization, as well ais those in
other organizations. Such relationships are established through the agreement processes of acquisition and
sugply as shown in Figure 5. The degree of formality of the agreement is adapted to the internal|or external
buginess relationships between projects. An example and discussion of the use of the agreement pfocesses is
projided in Clause 5.4.2:0f this Technical Report.

Project span
of control ~

;
®
|
AN
Acquiring 4 g,/‘ Supplying

organizations organizations
i 7
5 5
' Used to agree to
Used to acquire . sereerere (B g _
a product or service ——| processes terms of supplying
a product or service

Figure 5 — Use of agreement processes
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4.4.4 Recursivel/iterative application of processes

4.4.41 General

Two forms of process application — recursive and iterative — are essential and useful for executing the
requirements of ISO/IEC 15288:2008.

4.4.4.2 Recursive application of processes

When the same set of processes or the same set of process activities are applied to successive levels of
system elegments within the sysiem structure, the application form Is reierred 10 as recursive. The outcomes
from one application are used as inputs to the next lower (or higher) system element in the system structure to
arrive at a more detailed or mature set of outcomes. Such an approach adds value to successive parts of|the
system strycture. Figure 6 illustrates the recursive application of processes to systems from the top déwn.

Stakeholder Requirements

Definition Process Applied to

Outcomes flow to

;

A

Applied to

4

System

Requirements Analysis
Process

Outcomes used for

. Applied to
Architecture Design Process

Outcomes flow to
elements|of the
system

Value added to system
by definition of its lowgr
level system elements

v

Stakeholder Requirements
Definition Process

Applied to

Outcomes flow to

N

4

Requirements Analysis

Applied to

» System elements
Process

Outcomes used for

4

Applied to

I

Architecture Design Process

Figure 6 — Recursive application of processes
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4.3 lterative application of processes

When the application of the same process or set of processes is repeated on the same system, the
application is referred to as iterative. Iteration is not only appropriate but also expected. New information is
created by the application of a process or set of processes. Typically this information takes the form of
questions with respect to requirements, analyzed risks or opportunities. Such questions should be resolved
before completing the activities of a process or set of processes. When re-application of activities or
processes can resolve the questions, then it is useful to do so. lteration can be required to ensure that
information with admissible quality is used prior to applying the next process or set of activities to a system-of-
interest. In this case iteration adds value to the system to which the processes are being used. The iterative
application of processes is illustrated in Figure 7.

4.4

In
cor

Thd
sys|
incl
1S
pro

a)

b)

Stakeholder Requirements

\ 4

Definition Process T~ Aol
pplied to
l Outcomes flow to \
Requirements Analysis | Appliedto —| System
Process o~
$ Outcomes used for Applied to
Architecture Design | —
Process Value added to

system by iterative
application of same
processes

Figure 7 — lterative application of processes

4.4 Methods and tools

tributing organizations require process exéecution to be supported by methods and tools.

b selection of methods and tools depend on many factors including stage in the life cycle,
tem’s hierarchy and application domain. As a result, neither ISO/IEC 15288:2008 nor this Techr
udes discussions of specific methods and tools. Nevertheless, there are some issues that
/IEC 15288:2008 should bearin mind when selecting and using methods and tools to accomplis
cess activities or related tasks” Four such issues are listed below.

A method or tool doés, not pre-empt the process to be followed but should support the set of aq
selected process Methods should be selected to fit the system life cycle stage.

Selection of.tools should be based on connectivity to other tools that provide inputs or use ou
tool being.considered for use. The engineering data produced should be in an appropriate forr
the data_fo be captured, stored and available as long as it is needed. Those members of orgd
organizations, projects and other stakeholders who have the need should be given access auth
data-

ractice, there are many situations where sysiem size and complexity, project duration and thel number of

evel in the
ical Report
he user of
5h life cycle

tivities of a

puts of the
h to enable
anizations,
ority to the

c)

d)

©IS

The training requirements for application of the method or tool should be considered. The initial, as well

as subsequent training time after a user has not used the tool for a period of time, should be
the consideration.

Enabling systems as well as tool administration should be considered.

O/IEC 2011 — All rights reserved
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4.5 Organizational concepts

4.51

General

An organization is a person or a group or people and facilities with an arrangement of responsibilities,
authorities and relationships. An identified part of an organization (even as small as a single individual) or an
identified group of organizations can be regarded as an organization, if it has responsibilities, authorities and
relationships. In ISO/IEC 15288:2008, the terms "organization" and "party" are closely related. When an
organization, as a whole or a part, enters into a contract, it is a party. Organizations are separate bodies, but

the parties

NOTE

level adoptid

may be from the same organization or from separate organizations.

n is discussed in clause 5.1.4.

4.5.2 Resgponsibility

Each procd
A process

being iden
process ev

The resporn

may be performed by one organization or more than one organization, with one,of the organizati

en though the execution of individual tasks may be by different people,

a project, im which many persons may be legitimately involved.

An organiz
called an &
called the 4

When the

ation (or a party) derives its name from the process it is~currently performing, for example,
cquirer when it performs the Acquisition process. In ISO/IEC 15288:2008, the agreeing parties
cquirer and the supplier.

following terms are used in ISO/IEC 15288:2008; they do not have their generic meaning,

instead, refer to the organization or party responsible for, executing the process with a similar name: acqu

supplier, in
functionally

NOTE
4.5.3 Org
A project |

structure i
organizati

plementer, maintainer, and operator. The processes and organizations (or parties) are only reld
. ISO/IEC 15288:2008 does not dictate or imply a structure for an organization (or a party).

SO/IEC TR 24748-1, clause 3.3.2 discusses process responsibilities in organizations.

anizational relationships

as relationships with the organization, the business (or other entity) and other project-enab
which the project.resides. The project places certain demands on the organization and
places demands on the project. The project requires physical infrastructure, financial and hun

resource slipport to carry out/project work. The organization both constrains and supports a project. Examj
of such organizational censtraints and supports are given below:

a)
b) initiat
c)

d)

e)

sets standards, policies, and procedures by which projects are carried out within the organization;

,edirects or terminates projects according to business opportunities and strategies;

Drganizations and parties are introduced in ISO/IEC 12207, clause 5.1.3. Organizational-level and, proj

ss is considered the responsibility of a party. An organization may perform one.or more process

ified as the responsible party. A party executing a process has the responsibility for that en

sibility feature of the life cycle architecture facilitates tailoring and\application of ISO/IEC 15288

ect-

es.
bNS
tire

on

t is
are

but
rer,
ted

ing
the
han
les

provides infrastructure support;

manages the overall quality of systems produced by a project for external customers.

provides requested resources including physical and human within availability and financial constraints;

A project plan is often used as a basis of an agreement between projects and various organizational

elements.
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4.5.4 Project organizational structure

The application of International Standard ISO/IEC 15288 does not require a specific organizational structure
for projects. However, an appropriate organizational structure is essential. It is of particular importance that
the appropriate teams or groups be assembled, structured and given the appropriate responsibility and
authority for doing the work required to meet the project requirements, for example the activities and tasks of a
process. The teams may include representatives from each stage of the life cycle.

Team or group members assigned responsibility for a system-of-interest need to be available and competent.
In the context of complex systems this could require that the structure of the teams or groups be
multidisciplinary and include skills necessary to do required tasks

As
neq

a rule of thumb, project teams consist of seven plus or minus two members to develop ‘thg teamwork
essary for maximizing efficiency and effectiveness. Typically the team needs to rely jon the individual

Spe
sur
con
Sys
oth

cialist or functional groups of the organization to do such tasks as assessments on secu
vivability, reliability and effectiveness as well as trade-off studies, risk analyses and design W
text the team then becomes the integrated decision-making structure for process'activities per
tem life cycle stage. It is, however, important that individual teams share knowledge and commy
br teams working on enabling systems for the same system and othef adjoining syst

ity, safety,
ork. In this
ormed in a
nicate with
ems. Such

communications should be established so that the resultant system-of-interest is properly integrated from the
lowest level up. It is also important so that each system and system™element in the system structure is
appropriately supported over its life.

4.6 Project concepts

4.6|1 General

A project is an endeavour with defined start and finish dates undertaken to create a product or service in

acd
add

Aq
con

NO
NO

For
org
the
pro
is i
opd
pro
pla

ordance with specified resources and requirements. A project portfolio is a collection of p
resses the strategic objectives of the organization.

hposed of activities from the Project Pfocesses and Technical Processes defined in ISO/IEC 152

rE 1 ISO/IEC 24748-1, clause 3¥:4, provides more detail on structure in systems and projects.

TE2 ISO/IEC 24748-1, clatse 3.1.5, provides more detail on enabling systems.

the purpose of ISO/IEC 15288:2008, any project is assumed to be conducted within the co
Anization. This is important because a system project is dependent upon various outcomes p
business processes of the organization, e.g., employees to staff the project and facilities to
ect. For this purpose, ISO/IEC 15288:2008 provides a set of Organizational Project-Enabling p
mportant tg /note that the Organizational Project-Enabling processes are not assumed to be 4
rate a business, nor are the Project Processes assumed to be adequate to operate a project. |
cesses,. considered as a collection, are intended to state the minimum set of dependencies that
Ces upon the organization.

ojects that

roject may be viewed as a unique progess comprising coordinated and controlled activities and may be

88:2008.

htext of an
roduced by
house the
ocesses. It
dequate to
hstead, the
the project

ISO/IEC 15288:2008 describes the set of processes that comprise the life cycle of any human-made system.
Therefore, ISO/IEC 15288:2008 is designed so that it can be tailored for a project of any type, size and
complexity, whether focused on tangible products, services, or a mix of both.

The processes, activities, and tasks in ISO/IEC 15288:2008 are arranged in their most general, natural
positional sequence. This positional sequence does not dictate the life cycle model sequence. It is intended
that the project select, order, tailor and iterate the processes, activities, and tasks as applicable or appropriate.

On the same project, ISO/IEC 15288:2008 may be separately applied more than once. For example, in a
given system implementation project, an acquirer may request a supplier to perform system implementation,
with the acquirer and the supplier executing one application of ISO/IEC 15288:2008. The supplier may then
request its sub-contractor to perform all or part of the system development, e.g. develop the software. The
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supplier (now in an acquisition mode) and its sub-contractor (in supplier mode) execute a separate application
of ISO/IEC 15288:2008. In both situations, it is necessary to tailor ISO/IEC 15288:2008 to reflect the

arrangements.

NOTE 3
provides mo

re information on projects and project management.

4.6.2 Project relationships

IEEE Std. 1490-2003, Adoption of PMI Standard: A Guide to the Project Management Body of Knowledge,

A relationship can exist between a project and other projects, and subprojects. A subproject as used here and

in Figure 8
considered
project relg

Project relationships are managed through formal or informal agreements in accordance with organizatic

policies an
may exist
project and
subprojects
established

A fifth king
cooperate

responsibil
agreement

is a set of resources and tasks nrganiw:d to undertake a pnrﬁnn of a prnjprt A Qllhlhl'{'\jﬂr‘f may

a project by those assigned the work. Figure 8 illustrates typical roles of agreements that estab
tionships internal and external to the project.

LEVEL

Org%i~ ion
o\
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D

Z

Entity |

Organization

A B
Agreement—l Ji
(4

A\
Project Proje é\

T
Agreement Q
N

Subproj@t

Internal Organization

rganization

Agre

Project

reement

!

Subproject

v v

Bubproject Subproject Subproject

Figure 8 =Roles of agreements

d procedures, as appropriate. Depending on the type of project relationship involved, agreems
vithin a single organization;’or may span organizational boundaries. Agreements may be betwegq
a specific organizational element or elements, among multiple projects, or among a project ang
. Agreements provide a mutual understanding of the problem to be solved, work to be dg
constraints, deliverables and clearly defined responsibilities and accountability.

| of agreement, not shown in Figure 8, would be applicable when two or more organizati

ties -and rights, including the sharing of proprietary information applicable to the project in

be
lish

nal
nts
na

ne,

pns

on a single project. In this case, it is important to define each organization’s authoritjes,

an

Regardless of the kind of agreement, there is some basic information needed to do the work required in
ISO/IEC 15288:2008. Each agreement, whether formal or informal, should include the following information to
the appropriate level of detail:

a) responsibilities for the work expected to be done, for example in the form of work statements;

b) known functional and performance requirements, attributes and characteristics that clearly assign what
the system and its related services are expected to do, be like or contain, including interfaces with other
systems, humans and environments. These can be in the form of a set of formal requirement statements
or a specification;

c) deliverables, for example products, services and data;
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the stage or stages of the applicable life cycle model, including the related stage entry or exit decision

criteria. Criteria provide the basis for determining whether the project is ready to progress to the next

applicable life cycle stage;

required technical reviews to track the fulfilment of the agreement and assess the maturity of the system;

other appropriate information such as:

1) cost and schedule constraints,

2) development delivery milestones

3) payment schedules,

4) planning documents including applicable work breakdown or system structure,‘related configuration
documents and acquirer supplied engineering plans,

5) verification and validation responsibilities,

6) acceptance conditions and transition instructions (for example for"packaging, handling, delivery and
installation),

7) rights and restrictions associated with technical data (for @€xample for copyright, intellectyal property
and patents).

rE A model is provided in Clause 5.4.2 of this Technical’Report for the application of ISO/IEC|15288:2008

Lesses to reach an agreement.

3 Enabling system relationships

ther relationship among projects is onethat involves enabling systems. The project is resq
uring that required enabling systems are ‘available when needed to fulfil the functions of the
rest or enable the system-of-interest;to be realized. Some or possibly all enabling system
side the direct responsibility (boundary) of the project. Some or all of the enabling systems co
5t within the project’s organization,)Other enabling systems could be easily made available, for
tal or purchase. However, onelor several enabling systems may not exist and have to be creg
He available in time to provide-required services.

within the project’s sspan of interest that not only the system-of-interest should appropriatel
ilable but also all-enabling systems that are needed throughout the system life cycle. Thus
uld determine needed enabling systems and take appropriate actions to ensure their availability

anizations,)as applicable, to ensure that specified enabling system services are provided when
ect span-of interest is illustrated in Figure 9.

onsible for
system-of-
5 could be
uld already
example by
ted and be

y be made
the project
for use.

nization or
needed. A
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Project span of interest

Project span of control

System-of-interest| | Enabling systems

Performs the Allow system-of- Other Other
operational functions interest to be created, enabling enabling
d b ratirad cfunetion oy ar
’ o By '.'“"Sﬂ s systems systems
cugtomer requirements its life cycle

Internal to project

Internal to organization

External)to organization

,Q<‘

4.6.4 Hierarchy of projects

The basic
hierarchica
interest str
project is rg
a project its
ISO/IEC TH

16

Figure 9 — Project span of interest

relationship of Figure 9, which illustrates the projectispan of interest, can be combined with
view of a system structure illustrated in Figure 2 of ISO/IEC TR 24748-1 and the system-of-
icture in Figure 3 of ISO/IEC TR 24748-1 to give a hierarchal view of a project. The system that
psponsible for is considered a system-of-interest. Each subordinate or sub-project is considered as
belf. A resultant hierarchy of projects can then be formed. This hierarchy is illustrated in Figure
R 24748-1 and is portrayed in more detail\in Figure 10 of this Technical Report.

the

the

1 of
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Project

Span of interest
|

System-of- Enabling
interest systems
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I I I
Project Project Project
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System Enabling System Enabling System Enabling
: systems systems element systems
I I I
Project Project Project
Span of interest Span of interest Span of interest
| 1 |
I I I I I I
System Enabling System Enabling System Enabljng
. systems : systems element systems

Figure 10 — Hierarechy of projects

Figure 10 shows only the lower level of projects of one system. Each system, however, |[should be
degqomposed into lower level projects until eachconsists of only a system element and its enabling systems.
Twop such projects in Figure 10 end withya”system element. Each project should be carried out using
applicable system life cycle processes. to,the extent required by requirements and to satisfy applicable life
cydle stage entry or exit criteria.

As lexplained in Figure 9, the enabling systems of Figure 10 may be under project control or, if external to the
project, under the control ,of>other organizations. However, the project should work with these other

orgpnizations through agreements to ensure that the required enabling systems are available wher) needed to
sugport the system-of-interest during its life cycle.

4.7 Adaptation‘concepts

4711 General

To pdapt means to make suitable, or to alter so as to make fit. Adaptation is the act or process of adapting by
adding,fevising, or removing material. Tailoring is adaptation that only removes compliance materi$|.

NOTE 1 Process tailoring (removal of compliance material) concepts are introduced in ISO/IEC 15288, clause 5.3.4
with further discussion in Annex A.

NOTE 2 ISO/IEC TR 24748-1 adds material on adapting (tailoring or adding material) life cycle models in Clause 6 and
on adapting processes in Clause 9.4.3.

ISO/IEC 15288:2008 provides requirements for a number of processes suitable for usage during the life cycle
of a product- or service-based system. It is recognized that particular projects or organizations may not need
to use all of the processes provided by ISO/IEC 15288:2008. Therefore, implementation of
ISO/IEC 15288:2008 typically involves selecting a set of processes suitable to the organization or project.

NOTE 3  The requirements in ISO/IEC 15288:2008 are contained in ISO/IEC 15288, Clause 6 and Annex A.
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ISO/IEC 15288 may be conformed to in the following ways:

a) An organization declares publicly as a condition of trade, a set of processes, activities and tasks from
ISO/IEC 15288 to which suppliers to the organization conform;

b) A project adapts appropriate processes, activities, and tasks, which are performed in accordance with
contractually established criteria.

NOTE 4 Conformance to the International Standard is discussed in ISO/IEC 15288, Clause 2.

It is importa )
procedurey, and standards or with any national laws and regulatlons Any such confhct should be resol
before usirlg ISO/IEC 15288:2008.

4.7.2 Adaptation
The processes from ISO/IEC 15288:2008, as well as life cycle models, may be adapted for,an individual project
to reflect the variations appropriate to the organization, project and system. ISO/IEC 15288:2008 provides five
primary mechanisms for adaptation:

a) Procegs selection: Claims of conformance to ISO/IEC 15288:2008 are ‘made for a declared sef of
procedses. Neither an organization nor a particular project is required to<use every process. They may
select the processes relevant to their needs and declare that subset as the basis of conformance.

b) Procegs substitution: Processes used in related standards, such as ISO/IEC 12207 are described| as
"speciglizations" of processes in ISO/IEC 15288. Explicit permission is granted to use the system-lg¢vel
process as a basis for conformance rather than the software<evel process.

c) Use offOutcomes: According to the conformance clause.ef ISO/IEC 15288:2008, "conformance is achieyjed
by demonstrating that all of the requirements of the declared set of processes have been satisfied using|the
outcomes as evidence." The fact that outcomes~afe used as evidence of conformance provides that
alterngtive selections of activities and tasks may be performed if the outcomes of the declared sef of
processes are achieved.

d) Use off Notes: ISO/IEC 15288:2008 use fion-normative notes or other forms of guidance for provisions that
are nol required for conformance. In specific situations, implementation of selected notes will be approprjate.

e) Procegs tailoring: Tailoring of processes is permitted. Tailoring is defined as the deletion of selegted
outcomes, activities, or tasks;

4.7.3 Life cycle adaptation

Life cycle gdaptation is‘discussed in detail in Clause 6 of ISO/IEC TR 24748-1.

4.7.4 Adaptation for domains, disciplines and specialties

Adaptationfordonmains,disciptines—and—speciatties T tSOAEC 15288 iswrittemat=agenerat tevetand-—with
sufficient scope that its normative provisions can be used on systems that are comprised of or include aspects
of different domains (e.g. hardware, software, services, facilities, etc,). Standards used in conjunction with
ISO/IEC 15288 may have specific instantiations of the general ISO/IEC processes to provide better linkage of
the two standards for the practitioners in the domain and such linkages are advised wherever the domain
practitioners deem them helpful. An example is ISO/IEC 12207, which has included software specific
processes in Clause 7 to link to the system-related processes in Clause 6 of that standard.

Disciplines (such as mechanical engineering or facility engineering) and specialities (such as human factors,
safety, or security) may find analogous adaptations of their standards to be helpful. One way of making these
domain, discipline or specialty adaptations is by including them in agreements of the appropriate form,
following the provisions of ISO/IEC 15288, Clause 6.1.
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ISO/IEC TR 24748-2:2011(E)

Life cycle model use and adaptation for domains, disciplines and specialties is addressed in
/IEC TR 24748-1.

5 Tailoring

Clause 7 of

Tailoring is not a requirement for conformance to ISO/IEC 15288:2008. Tailoring is not permitted if a claim of
"full conformance" is to be made. If a claim of "tailored conformance" is made, then tailoring is to be performed
as required by the tailoring process described in ISO/IEC 15288:2008.

NOTE 1 Tailoring is introduced in ISO/IEC 15288, Clause 2.3.
NOTE 2 ISO/IEC 15288, Annex A, describes the tailoring process and defines the basic activities neede
tailgring of ISO/IEC 15288:2008.
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stated in ISO/IEC 15288:2008, tailoring may diminish the perceived value of a claim of confi
/IEC 15288:2008. That is because it is difficult for other organizations to understand the exte
bring may have deleted desirable provisions. An organization asserting a single-party claim of cq
SO/IEC 15288:2008 may find it advantageous to claim absolute conformance-to<a smaller list of
er than tailored conformance to a larger list of processes.

Applying ISO/IEC 15288:2008

Overview

H to perform

brmance to
ht to which
nformance
processes

lerstanding concepts does not give the ability to immediately apply them without further though
 following clauses give guidance on what must be,dene to bridge the gap between concept a

in different project, organizational and life cycle énvironments, starting with planning the a

rnational Standard ISO/IEC 15288.

dern businesses strive to develop a robust 'set of life cycle processes that are applied repea
ects of the business. To accommodate that need, ISO/IEC 15288:2008 is intended to be|
lication at either the organization level; or at the project level. An organization would adopt th
supplement it with appropriate pfocedures, practices, tools and policies. A project of the ¢

some cases, projects may\be executed by an organization that does not have an approp
cesses adopted at the” organizational level. Such a project may apply the pro
/IEC 15288:2008 directly to the project.

Application'strategy

1 Overview

/IEC.15288:2008 may be applied for a variety of reasons, such as:

ild typically conform to the organization's processes rather than conform directly to this standard.

I and work.
d practical
lication of

edly to the

useful for
e standard
rganization

iate set of
visions of

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

To improve processes used by an organization across multiple projects;

To provide guidance on system life cycle processes usable within a larger process, such as an

organization’s acquisition process or maintenance process.

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

a)

Plan the application;
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b) Adapt
c) Condu
d) Forma
e)

ISO/IEC 15288:2008, if applicable;
ct pilot project(s);

lize the approach;

Institutionalize the approach.

This strategy is typical of the approach that must 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
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e existing basis for system life cycle processes is ISO/IEC 15288:2002 or some other refere
indamental starting point is to identify all the changes to go from that basis to ISO/IEC 15288:2(
ng process basis is ISO/IEC 15288:2002, the amount of changes will be noticeably ‘less than
pbcess basis is in use.

the stakeholders together in this effort is critical: even one area left out thatyshould have bee

checklist of things that must be considered in applying ISO/IEC 15288.* This may include,
I not be limited to:

nsibility changes, including need for new agreements;

s on tools and databases;

es in the inputs required by and outputs frop<€ach process.

Checklist should be then be used by ahrimmediately following, larger, group of all stakeholder:

gh what other items need to be added and what the specific changes are for each item on
epeated reviews of checklist drafts should be held to find the final few surprises.

each need to be assessed) Then further analysis of the sequence of implementing the change
The group should explore phasing in changes in a way that minimizes cost, project disruption

bl for adverse human:reactions. Readiness criteria should be developed for starting the each 3
b metrics should.be developed and used.

[, a core group should be maintained to oversee the change from one basis to another,
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g can materially disrupt applying the new basis. One way of proceeding)is ‘for a small group to
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bject or organization is already in a steady state, i.e. where the processes have been establis

hed

and institu
following:

a)
b) Adapt

c)

ionalized, then the implementation strategy could be shortened and would probably include

Plan the application;

ISO/IEC 15288:2008, if applicable (for the risk level of the work);

Conduct the project(s).

5.2.2 Planning the application

Applying ISO/IEC 15288:2008 should be considered as a specific project and planned as such.
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The following are examples of items to consider while planning the application project:

a)

Define the scope of the project. Possibilities include:

— A single project either internal to an organization or as part of a two party contract;

Concentration on some key processes or even a single process where there is expected to be some
gain for an organization. This approach could be used where a weakness has bee
previously and could lead to a full application of ISO/IEC 15288:2008 at some future point;

n detected

Here the organization would probably have no or few defined pro ndardizing
on ISO/IEC 15288:2008;

— Adoption of ISO/IEC 15288:2008 across all projects and within all parts of. the’ organization. It is
unlikely that any organization except a very small one would take this approach. It would pe relevant
though for a new subsidiary of an existing organization that has adopted |SO/IEC 15288 into working
practice previously.

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

c) | Identify roles and responsibilities of the project team/ofganization, assigning a singlé¢ point of
responsibility for each process. In many cases, one individual or organization may be resgonsible for
more than one process, particularly in small projects aor organizations;

d) | Identify the resources available for the application<of ISO/IEC 15288:2008, such as time, money, people
and equipment;

e) | Create and document the project management plan for applying ISO/IEC 15288:2008.

5.2|13 Conduct pilot project(s)

Whien introducing ISO/IEC 15288:2008 in an organization across many projects, some pilot use in key areas

and for key processes will help-to limit the exposure of the organization. A successful introdugtion would

usyally include such approaches as the following:

a) | Identify pilot projects\that can utilize the processes selected. These pilot projects should be chgsen on the
basis of high prigrity work, that will result in significant improvements, with a high probability pf success,
and that can be_expected to provide quick, visible results;

b) | Select a.team of volunteers to conduct the pilot projects then publicize and reward their efforts;

c¢) | Train all involved. Awareness can be aided by regular communication of progress in the implementation
ptocess, in addition to formal training classes;

d) Plan the pilot projects and identify critical success factors;

e) For each pilot project, incorporate the selected tailored process or processes into the project
management plan. Reference or include as appropriate, the necessary documentation, e.g. the tailoring
decisions and rationale;

f) Execute the pilot project(s), tracking and documenting the performance against the critical success

© ISO/IEC 2011 — All rights reserved

factors. Document lessons learned throughout the pilot project(s). Incorporate the lessons learned into
revised processes.
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5.2.4 Formalize the approach

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

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

5.2.5 Institutionalize the approach
and

eSS,

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

5.3 Application in organizations

5.3.1 Overview
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Figure 11 shows one possible example of such relationships that may be useful when applying
ISO/IEC 15288:2008 within an organization. ISO/IEC 15288 is located at the first level, standards in the
organization are located at the second level and the third level is for detailed activities, techniques, and tools
that are specific to a project. The terms defined and used in the second and the third levels are required to

conform to
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Level 1

ISO/IEC 15288

Work is done according to the items in each
process

Level 2
Standards in the organization

Work is done according to procedures in a defined
sequence .

Level 3

Procedures are detailed for a specific domain . Domain specific
They contain techniques for a problem solution . standards
Tools are provided which support the various
techniques .

Techniques

Figure 11 — Relationship with existing documents

Resolution of any conflicts is left to the organization applying ISO/IEC 15288 and may involve dgveloping a
mapping and if necessary, filling any gaps.

Q

5.3]2 Considerations and techniques
Organizations would generally use ISO/IEC 15288 as part of an effort to improve system-related [processes.
This may be through standalone use or.in conjunction with available process assessment ang capability
determination methods.

NOTE The application of ISO/IEC15288:2008 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 clause 5.2 of tHis Technical
Regport are followed by organizations when using ISO/IEC 15288:2008.

5.3|3 Application opportunities
The reasons for applying ISO/IEC 15288 internally within an organization may include such situatiops as:

— | Verifying-the thoroughness of an existing method. This would usually be more relevant where the method
was developed in-house or adopted and extensively modified;

— | Adapting an existing method to cater for the risks associated with moves into new market se¢tors where
more rigor Is required because of perceived TiskKs;

— Developing a new method e.g. to meet the needs of a new organization. This includes organizations
created through mergers or business alliances. It may be necessary to maintain several process models
to suit particular activities;

— Managing the introduction of new technology. Examples include the automation of existing manual
processes, or a change in the techniques used to implement a product or service. ISO/IEC 15288 defines
criteria which can be used to benchmark the completeness of the method before and after the technology
is changed;

— Evaluating an internal capability of a party to meet agreed criteria e.g. as part of a tender review process;
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Establishing a benchmark upon which improvement programs can be developed e.g. audit against
ISO/IEC 15288.

5.3.4 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 changes. In a two-party situation
this would be initiated by a contract and then, as for general organizational use, it would be normal practice to
establish policies covering the relevant parties.

5.3.5 Uséds of ISO/IEC 15288:2008 within an organization
There are|three key uses of ISO/IEC 15288:2008 within an organization. These uses are illustrated in
Figure 12 gnd described below.

Use 1 ISO/IEC 15288

Derived from ISO/IEC 15288
Use 2 Domain specific standards Organizational standards
Use 3 Methods Methods Methods
Procedures Procedures Procedures
Figure 12 — Threeuses of ISO/IEC 15288:2008

Use 1 is 4 direct application of ISO/IEC[15288:2008 to organizational work. ISO/IEC 15288:2008 descripes
the life cycle processes in terms of process name, purpose, outcomes and activities. Thus, direct application
is the appl|cation of a set of selected’life cycle processes to the appropriate system-of-interest during allife
cycle stage to achieve the process outcomes and satisfy stage objectives and exit criteria. To successfully
apply the pselected 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 natur¢ of
the activity] methods andttools are determined for completing the tasks efficiently and effectively.
The outcomes from(performing tasks should include appropriate documentation. The extent of documentation
should be basedonproject size, life cycle stage exit criteria, agreement deliverables, resources available and
any other influencing factors identified.

For successful application of ISO/IEC 15288:2008 within an organization the methods and tools for completion
of activities and tasks should be selected and made available to projects. The team members involved with
applying the processes should be trained on the concepts and requirements of ISO/IEC 15288:2008 as well
as the selected methods and tools.

Use 2 is for the purpose of creating appropriate organizational standards and organizational domain
standards. These standards can be derived from the applicable concepts and requirements of
ISO/IEC 15288:2008 in order to standardize the primary work of the organization and domains such as
aerospace, automotive, medical equipment and so forth. In this use it would be an adaptation of the scope of
ISO/IEC 15288:2008 to the organization, to the applicable domain, or both. Use 2 type standards should be
more focused to the business of the various organizational units and domains. As in Use 1, the activities
should be defined in more detail by identifying necessary tasks, selecting and providing the appropriate
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methods and tools and performing work according to procedures and sequencing defined in these standards.
Organizational and domain team members should be trained in the appropriate standard and the applicable
methods and tools prior to applying on a project.

Use 3 is for the purpose of preparing appropriate documents describing organizational and domain-wide
methods, procedures and guidance for implementation of organizational and domain standards as well as for
direct application of ISO/IEC 15288:2008. Appropriate training on the applicable document is necessary prior
to application on a project.

5.4 Application on projects

5.4|1 Overview
ISQ/IEC 15288:2008 life cycle processes can be used by a project for at least four purposes.

a) | To establish agreements with organizational entities external and internal tothe project to [acquire or
supply a product or service (Agreement processes).

b) | To ensure the organization’s capability to acquire and supply products; of services through the initiation,
support and control of projects (Organizational project-enabling processes).

c) | To establish and evolve project plans, to execute the project-plans, to assess actual achiedement and
progress against the plans and to control execution of the prpject through to fulfilment (Project [processes).

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

The requirement to perform ISO/IEC 15288:2008 .life* cycle processes is independent of syst¢ém size or
complexity. Instead, factors such as the system requirements and the concept of operation affect the system
siz¢ and complexity. Thus, the outcomes andzactivities from the ISO/IEC 15288 life cycle progesses are
meant to be generic and applicable to the engineering of any system within the scope of ISO/IEC 15288:2008.
The size and complexity of a system cansaffect the work of a project, for example the tasks performed to
acdomplish an activity of a system life cyele process or the type and form of work products from agplication of
the|processes can be affected.

5.4{2 Application of agreement processes on a project

5.4{2.1 Application of acquisition process

The processes of ISOAEC 15288:2008 can be used to attain an agreement. Figure 13 illustrates|the use of
the|agreement processes in conjunction with the other life cycle processes of ISO/IEC 15288:2008 fo attain an
agreement. Agreements can be between organizations, between projects, and for work efforts withip a project.
Sug¢h cases(arg illustrated in Figure 8.

The Eigure 13 model is not meant to reflect all possible process flows to attain an agreement but t¢ show that
all precésses of ISO/IEC 15288:2008 can have a role in forming an agreement, especially formal agreements
that can be legally binding. When an agreement involves a relationship between individuals of sub-projects
within the same project much less formality can be expected than suggested by the Figure 13 model. The
following paragraphs describe the process flow of the Figure 13 model and exceptions as appropriate.

The processes of ISO/IEC 15288:2008 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 could 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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Figure. 13 — Application of processes to form a formal agreement

An appropriate team or individual, depending on the project size and complexity, would be assigneqd to
consider and prepare a response to the acquisition request. For smaller projects a single individual could be
assigned tlpe responsibility to prepare the response, to do the work and to create the required work prodycts
to be delivered:

The assigned team or individual should perform the activities of the supply process appropriate to establishing
an agreement. First the team or individual should do the necessary planning to scope a strategy for the
response preparation effort and to understand the capabilities required to do the requested work. The plan
should include a schedule of milestones and decision criteria for submitting a response and consider the goals
of the organization or project as well as applicable investment decision criteria.

To determine whether to respond to the request for proposal or to determine the specifics of the response, the
technical processes can be planned and performed to the level of the system structure appropriate 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 determined. The
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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-enabling processes are
implemented to the extent necessary to support the technical processes and monitor the outcomes and
approve the response, as appropriate.

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)

b)

System and service requirements.

Expected deliverables

c)

d)

The
and
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Figure 14 — Application of processes to Satisfy an agreement
The project work should not be undertaken until the resources such as funds, team members, equipment gnd
facilities ngeded 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 could:eonsist of updating the plans used to form the respons¢ to
the acquisltion request or the applicable plans-from the previous life cycle stage. Appropriate teams [are
assigned the work required to meet planned requirements. These teams do the work associated ith
application|of the technical processes to-gbtain the work products required. The Assessment Process, Corjtrol
Process, Decision Making Process, \Risk Management Process, Configuration Management Process and
Informatior] Management Process ‘should be used to monitor, control, and assess the technical process
outcomes fo be able to keep work.within acceptable cost, schedule and risk in order to meet performahce
requirements for the system..The Organizational Project-enabling Processes and Project Processes [are
implementgd to provide support to the project, and to review the project, as appropriate.
The activities of the processes shown in Figure 14 can be considered as complete when the agreement is fully
satisfied with the delivery of required products and services.
The actual| realizéd form of the system-of-interest, system or system element can vary from a concepjual
model to a|production representative product. The realized form of the deliverable is typically a function of|the
exit criteria of the applicable system Tife cycle stage and agreement requirements.

5.4.3 Application of technical processes to a project

5.4.3.1

General

Figure 15 provides a model for the application of the technical processes of ISO/IEC 15288:2008. This model
includes only the technical processes that are primarily used for engineering a system-of-interest. Three of the
technical processes are not shown in Figure 15: the Operation Process, Maintenance Process and Disposal
Process. These three processes should be used as appropriate to provide inputs to the Stakeholder
Requirements Definition Process. The requirements could be in the form of acquirer requirements such as
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operability, supportability and disposability or in the form of other interested 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 elements in the
system structure. When a process application is relevant to just the system-of-interest or a system element in

the

system structure, then specific terminology will be used.

Although any system must be addressed over its full life cycle, it is common for projects to span only portions
of that life cycle. For example, one project may define the system, while a second project turns the design into

ar

alized system. With that in mind. application of technical processes to a project is covered in

o clauses
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his Technical Report. Clause 5.5.5.2 discusses system definition, whilst Clause 5.5.5.3 addres
ization.

b Stakeholder Requirements Definition Process, Requirements Analysis Process and’ Architect
cess are used to design the solution for each system in the system structurelyApplicatio
cesses can be highly iterative (see Clause 4.4.3.3 of this Technical Report) in orderto arrive at
ign solution.

e Implementation Process, Integration Process, Transition Process, Validation Process and
cess are used to realize the architectural design solution for each system in the system structur
lication of these processes can be highly iterative.

b Stakeholder Requirements Definition Process, Requirements-Analysis Process, and Architect
cess are applied recursively to the system-of-interest and then its systems from the top d
tem element can be implemented (for example built, bought, reused) using the Implementatig
5 occurs when no further systems need to be developed. After all system elements of the syste
implemented, then the Integration Process, Vefification Process, Transition Process and
cess are performed recursively on each system:from the bottom up to include the top level
rest.
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Inputs from:
Acquirer requirements for system-of-interest

Other interested party requirements for each system in system structure

v

Stakeholder
————»| Requirements
Definition Process
v
Flow down of Requirements
acquirer requirements L Py :
for level 2 to m of Analysis Process forss'l'?fxﬁi :gt‘::'gfe"r:lsent
ayaiElu bil ubtulc at Ievel X
¢ (where 1 <x<or= m)
Architectural
Design Process
e l : v
Specifications ” . Software
to buy, make, or reuse Implementation implementation
system element for level x of Process (ISO/IEC 42207)
system structure | T T v,
(where 1 <x<or=m) *
> Integration <
Process
Verification
Process
Bottom up realization
from level m to 1 of ‘
system structure ”
Transition
Process
Validation
Process

| Delivery of system-of-interest to acquirerl

Figure 15 — Application of technical processes to engineer a system-of-interest

Each procéss of this modelis described below. Additional notes intended to help use these processes |are
found in Annex A of thissTiechnical Report.

5.4.3.2 Related technical processes for system definition

5.4.3.2.1 | General

The Stakeholder Requirements Definition Process, Requirements Analysis Process and Architectural Design
Process should be used to create design solutions for a system from the top-level system-of-interest down
through the lowest system element level of the system structure. Processes for system realization are covered
in Clause 5.5.5.3.

5.4.3.2.2 Stakeholder Requirements Definition Process
The Stakeholder Requirements Definition Process can be used to identify, collect and appropriately define

stakeholder requirements. The acquirer and other interested parties together form the stakeholders related to
the system being engineered. The acquirer provides the initial set of requirements for each system in the

30 © ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=ea75ec30947bb1cf643a826ad5649cff

ISO/IEC TR 24748-

2:2011(E)

system structure. Other interested parties typically provide additional requirements that can influence the
design solution. Examples are given in the list below.

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

b) Critical factor needs such as safety, security, producibility, reliability, availability, usability and
maintainability.

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

The resulting set of stakeholder requirements represents a collection of requirements plaged on the

engineering of a system. These stakeholder requirements include the functions that are-required to be

performed, how well they should be performed, the environment in which they are to bé performed, any

required characteristics of the system and any service related to enabling systems. To ensure that
soyrces of stakeholder requirements have been considered, all the processes in ISOAEC 15288
exgmined. So, as specific examples, the appropriate activities of the Implementation Process,
Prdcess, Verification Process, Transition Process, Validation Process, Operation Process, M
Prgcess and Disposal Process could each generate requirements, otherwise oyerlooked that will in
system being engineered. Likewise, the activities of non-Technical processés should also be exam
if they generate stakeholder requirements,
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r the set of stakeholder requirements is defined, upward and downward traceability (or comple]
sistency checks) should be performed to ensure that no requirefments have been omitted or ad
ountability.

b set of stakeholder requirements should be used when performing the Validation Process after
been implemented or integrated and verified. It isdimportant to take into account the requirem
ration of the system and the business when addressing the Stakeholder Requirements Definitio

3.2.3 Requirements Analysis Process
keholder requirements are not always* stated in technical terms and may not be readily
hitectural design. The Requirements Analysis Process can be used to perform an analy

uirements. This includes the.lidentification and analysis of external interface requirements
uirements, performance requirements, and constraints as well as the quantitative and qualitativd
ted to these requirements.

 resulting set of teehnical requirements should be checked for upward and downward traceabilit

no stakeholder ;requirement has been omitted, all stakeholder requirements have chil
Lirements, and,_all technical requirements have a parent stakeholder requirement. The resu
nnical requirements should be checked for compound requirements containing multiple parts, wi
h be decomposed into individual requirements.
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5.4.3.241 General

The Architectural Design Process can be used to transform the defined set of technical requirements into an
acceptable architectural design solution that fulfils the technical requirements for the system being engineered.
The architectural design solution should be documented in a technical data package or database that includes
a set of architectural design solution specifications and other configuration descriptions.

5.4.3.2.4.2 Logical architecture definition

The first step should be to transform the set of technical requirements to a more detailed set of derived
technical requirements that have been derived from a set of logical architectural design models [see Clause
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6.4.3.3 a) of ISO/IEC 15288:2008]. This can be accomplished by performing the logical architecture design
task of the Architectural Design Process, then partitioning and capturing interfaces. Logical architectural
design models can take one or more forms such as described below.

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

b) A data flow diagram that decomposes functions while explicitly showing the data needed for each function.

c) A data structure with corresponding functions and processing flows related to the data and associated
with assigned technical requirements.

d) Interfa

ce definition documents with logical, physical and functional attributes of system element

systen to external system boundaries delineated.

e) A behavioural diagram that describes input stimuli and outputs by function and includes operating or

as apg
f) A cont
g) The st
h) Atime
i) A fund
such 3

Possib

j)  Object

ropriate to input or output criteria.

Fol diagram that indicates the controlling factors of a function and the resulting\béhaviour.

htes and modes of the system.

ine that allocates a time requirement to a set of functions.

tional failure modes and effects table that indicate the possible effects of a function failure mg
s not doing what it is designed to do or doing a functioh, _for which it not expected to perfd

le resolutions for each failure mode should be generated.

s that encapsulate a partition and mapping of technical requirements and that are characterized

services (behaviours, functions and operations) provided by encapsulated attributes (valu

charad
k) Asetd
) AnID
decisiq

1320.1
inform

teristics and data).
f algorithms derived from contextual diagrams.

EFO diagram. (IDEFO (Integration .Definition 0) function modelling is designed to represent
ns, actions, and activities of an(existing or prospective organization or system. See |IEEE

, IEEE Standard for functional_modelling language — Syntax and semantics for IDEFO for m
htion.)

Each logical architectural design.medel should be evaluated to determine the impact of the model on sys

quality.

The set of]
derived teg
requiremer

Existing syf

technical requirements can be allocated to logical architectural design models to form a se
hnical requirements taking into consideration the operational environment. These derived techn
ts can be used as the basis for physical architectural design.

stem.elements, or the introduction of new technology, should be considered in establishing
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logical architestural design models. The use of existing systems helps reduce developmental time and ¢

ost

but may increase complexity. Use of new technologies can provide a competitive edge but can also increase
risk. In such considerations, new interfaces may be introduced and should be included in the set of technical
requirements through iteration of the Requirements Analysis Process.

The set of decomposed and derived technical requirements should be checked for upward and downward
traceability with respect to the set of technical requirements generated by the System Requirements Analysis

Process.
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5.4.3.24.3 Physical architectural design

5.4.3.24.31 General

Physical architecture design draws on the outputs of logical architecture definition and the two processes
interact, iteratively. In performing physical architecture design, the logical architectural design models, the
derived technical requirements and those technical requirements not allocated to logical architectural design
models can be used to form alternative physical design solutions [see Clause 6.4.3.3 b) and c) of
ISO/IEC 15288:2008]. After each alternative physical design is evaluated, the preferred architectural design
solution should be selected using an appropriate analysis of cost effectiveness, operational effectiveness and
riske

5.4{3.2.4.3.2 Physical architectural design outputs

The architectural design solution selected should then be fully defined to provide the outputs listed below.

a) | A configuration description including the system specifications of the system‘that was defined by the
Stakeholder Requirements Definition Process, Requirements Analysis Process and Architectliral Design
Process. This configuration description should be used when the Verification Process is performed after
the system has been implemented or integrated.

b) | The requirements that will be flowed down to the next lower level’'systems or system elemgnts. These
requirements should be used as the acquirer initial specifications (or requirements) for the d¢velopment
of lower-level systems or system elements, unless the, arehitectural design solution is fof a system
element that will have no lower-level systems to develop.

c) | The requirements for enabling systems needed t0. provide life cycle support to the designgd system.
These requirements should be used to acquirer required enabling systems.

Configuration descriptions can be in the form of-specifications, baselines, sketches, drawings, paits lists and

oth
sta
crit
54

The

br appropriate design descriptions. The sgecific configuration descriptions will depend on th
je in which the Architectural Design Preocess is being used and the information needed to sati
bria of the life cycle stage and the entry criteria for the next stage.

3.24.3.3 Traceability of physical architectural design outputs

requirements expressed,in the configuration description outputs above should be chec

b life cycle
sfy the exit

ked by an

appropriate means to ensure that they are upward and downward traceable. Traceability should e checked

agqginst three sources of-requirements:

a) | The derived technical requirements from logical architectural design.

b) | The derived technical requirements that resulted from analyses of the alternative phys|cal design
solutions:

c) | The output requirements from the Requirements Analysis Process that were not allocated {o a logical
architectural-desigmmodet—This coutdappenrwhenmatechnicat requirement-fromrrequirements analysis

cannot be allocated to a logical architectural design model.

The Stakeholder Requirements Definition Process, Requirements Analysis Process and Architectural Design
Process can be performed again, as necessary, to refine the requirements for the physical architectural
design solution and the related output configuration descriptions (see the discussion on the iteration concept,
Clause 4.4.4.3 of this Technical Report). Factors that can cause this iteration include identification of a need
for new stakeholder requirements during architectural design or the failure to satisfy the upward and
downward traceability check.
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54.3.244 System structure definition

One of the possible outcomes from physical architecture design includes the requirements for the next lower
level systems or system elements. These output requirements are the acquirer requirements for the recursive
application of the Stakeholder Requirements Definition Process, Requirements Analysis Process and
Architectural Design Process to a lower-level system or system element in the system structure. The systems
or system elements at the next lower level of the system structure will later be integrated into the system from
which the requirements were assigned.

The recursive application of the Stakeholder Requirements Definition Process, Requirements Analysis
Process and Architectural Design Process is shown in Figure 15 as the loop identified as the flow down of

acquirer re
system str
Analysis P
should als
system elg
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The recurs
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system stry
the recurs
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that will be
another org
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Also, at arf

quirements for each level of the system structure. For each system or system element of
icture that has to be developed the Stakeholder Requirements Definition Process, Requirems
focess and Architecture Design Process should be applied. Other interested party requiremd
b be determined in order to form the input set of stakeholder requirements for each,system
ment at the next level of the system structure. (See the discussion on the recursion conc
3.2 of this Technical Report).

ive loop of Figure 15 is continued until all system elements of the system 'Structure have b
 no additional systems or system elements need to be developed. System elements can occu
of the system structure. At each level x, when no further development’is needed for a system in
cture, the next set of processes for system realization should be performed. This is an exampl
ve application of technical processes to enhance the top-leyel\system-of-interest definition
lower level systems and system elements. The top level forzonhe organization can be the sys
purchased by a consumer in a commercial market, such“as an automobile. The top level
anization can be a system within the system structure such as a motor that will be assembled
bile by another organization.

y level, a system element can be identified as<having a unique standard that may be used

implementation of that system. This is illustrated in Figurei15 for software using ISO/IEC 12207.

The recurs
the implen

ve application of the first three processes*of Figure 15 is repeated within the system structure
entation process is applicable for a_system element and until all system elements have b

implementgd. At this point the system structure is<ully defined.
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Related technical processes for system realization

General

Process, Verification Process, Transition Process and Validation Process should be used to rea
ctural design.soelution for each system in the system structure from the bottom system elemen
| system-afinterest of the system structure.

mented system element should be verified using the Verification Process and validated using
Process before integration is performed at the next higher level of the system structure.
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processes for system definition are covered in Clause 5.4.3.2. The Implementation Procgss,
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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 Process, Verification
Process, Transition Process and Validation Process should be performed from level m to 1 of the system
structure for each system and for the system-of-interest.

5.4.3.3.2 Implementation Process

The Implementation Process can be used when further development of a system element is not needed. At
this point the system element defined as part of an architectural design solution can be implemented. The
Implementation Process should be used to transform such system element definitions into products or
services appropriate to the applicable life cycle stage. The implemented system element can be either a single
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product or a composite product depending on its position in the system structure and its ability to be
appropriately modelled, built, bought or reused.

5.4.3.3.3 Integration Process

The Integration Process can be used after the lower level system elements have been implemented and
delivered to the integrator responsible for integration into a system at the next level above. Integration of the
system elements may be performed by the same party that performed the implementation or by the acquirer.
The implemented system elements are assembled and integrated into a higher-level system in accordance
with the configuration descriptions developed during the top down definition and design of that system. This
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ve using the Transition Process and validated using the Validation Process. This bottom-up’in
tems is continued until the top-level system-of-interest is realized using these same processes.

3.3.4 Verification Process

Verification Process can be used to establish correspondence between the perforn
racteristics of the system with respect to technical requirements and other agreement requiren
cess ensures that each system element, system and the system-of-interest of the system st

5 verification should be performed in accordance with a verificationsplan. Verification can be de
form of the system, on the decisions made regarding life cycle'stage entry and exit criteria, as
cific life cycle stage. Example methods of verification are listed-below.

Inspection (for example inspection of drawings).

Analysis (for example using mathematical modelling, simulation, a virtual reality prototype or si
example of similarity is using already performed verifications of similar systems with similar cq
descriptions or systems that have already bgen certified to a standard).

Demonstration (for example using mock-ups, physical models or operation. An example of ¢
the verification of configuration desctiptions that apply to life cycle costs or system attribut
MTBF).

Test (for example using physical products, prototypes, breadboards or brassboards).

system implemented ortintegrated should be used for performing verification. During early s
jes, operation or tésting could be used. For non-critical requirements, however, use of inspectid
luding simulations), and demonstration during any life cycle stage for verification can be use
t.
nerally,« \erifications are conducted under controlled conditions to ensure that each cq

cription. requirement is satisfied by the system. As such, actual operational environments
rators’is not a factor. If the operational environment is a factor for a specific performance requir

its

n implemented or integrated correctly from the perspective of fulfilling,its technical requirements|.
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Verification failure can result from poor conduct of the verification or improper implementation or integration of
the system. Anomalies that are discovered during verification of the system (or system element or system-of-
interest) need to be appropriately resolved prior to the transition of the system to the acquirer and before
performing validation.

5.4.3.3.5 Transition Process

The Transition Process can be used to deliver to the acquirer a fully integrated and verified system. The
delivered system can also be validated if the agreement requires validation to be accomplished by the supplier
before transition. Appropriate transition should be performed for each system element, system and the
system-of-interest from the bottom of the system structure to the top.
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Considerations for transition should include, as appropriate, packaging and handling, storage, transportation,
installation and ensuring that each site is properly prepared for the installation or receipt of the system.
Transition activities will be dependent on the life cycle stage and the position of the system within the system
structure.

5.4.3.3.6 Validation Process

The Validation Process can be used to establish correspondence between the performance and
characteristics of the system with respect to stakeholder requirements and other agreement requirements.
Validation should ensure that the 'right' system has been implemented or integrated to fulfil stakeholder
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r Requirements Definition Process. The system implemented, integrated and verified should
erforming validation in either its actual operational environment (considering other interfag
bments or systems-of-interest) or its simulated operational environment. The environment
5 dependent on the position of the system in the system structure. The form of the system wil
on the life cycle stage in which validation is performed.

should be conducted to demonstrate that the 'right' system has been implemented or integrg
me system has been verified using the Verification Process. The system/should be verified th
nented or integrated correctly before showing that it is the 'right' system.

can be done with simulation or mathematical modelling, with a technology prototype, with a |
prototype or with a delivered or installed system, as appropriaté to satisfy the entry or exit crit
licable system life cycle stage and the agreement. The validation should be performed us
operators or users when possible and appropriate.

can be completed either prior to transition to the aCquirer or after transition as specified in

If validation of the system (“as modelled,” “as/built” or “as-integrated” and “as-verified”
before transition, then the supplier normally does-this. Otherwise, the acquirer validates the
system prior to the integration with other acquired lower level systems and system elemg
fo the system being integrated. The Validatioh' Process can be performed using a mathematicq
model when cost of validation is a facter or where operational environments are not rea

everal approaches such as listed below for performing the Validation Process.

ion against acquirer and appli¢able interested party requirements using the same methods as u
ification, i.e. analysis (in¢luding simulation or mathematical modelling), inspection, demonstrat
test.

ation tests against-established requirements.

ance tests/using operational processes and personnel in an operational environment.
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The approach“Used is dependent on the system life cycle stage in which validation is conducted as wel

as

cost, schedule, level of the system within the system structure and available resources.

Validation failure can result from poor conduct of the validation or improperly transforming the stakeholder
requirements into the preferred architectural design solution. Anomalies discovered during validation should
be appropriately resolved prior to transition of the system (or system element or system-of-interest) to the
acquirer (if validation is done by the supplier) or prior to integration with other systems or system elements into
a higher-level system (if validation is done by the acquirer after receiving it from the supplier).
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5.4.3.4 Related technical processes for system utilization

5.4.3.41 General

The Operation Process, Maintenance Process and Disposal Process should be applied to utilize the system
throughout and to the end of the remainder of its life cycle and are not considered to be part of system
definition (clause 5.4.3.2) or system realization (clause 5.4.3.3). The Operation Process and Maintenance
Process should be used to allow the stakeholders to achieve the service and/or product benefits sought from
the system, at the level desired and over the extent of time intended, when they initially defined their
stakeholder requirements. The Disposal Process should be used to ensure that the system is removed from
serpce—and—i—appropriate—physically—disposed—of-in-a—nrannerthat-ensures—that-hre-safety—environmental,
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The Operation Process can be applied for much longer spans of time, and in different environment
of the product definition or realization processes were. Failure of the Operation Process, henc
obtgin the intended benefits of the system over its lifetime, can occur if all parts of the Operations R
not|reviewed and addressed throughout the operating life of the system and similarly when chang
the|system, whether large or small, rapidly or slowly.
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system and similarly when changes occur to the system, whether large or small, rapidly or slow
long term success of the Maintenance Process also depends on ensuring that it stays a
nges’in the operation of the system, with corresponding need to understand the changes occu

ly. Further,
igned with
rring in the

Operation Process.

5.4.3.4.4 Disposal Process

The disposal process can be used while a system is still operational and can be applied to part of a system as
well as to the entire system. In the case of incremental development of capability, it is not uncommon to need
part of a system to be disposed of. The disposal strategy can become complex in such cases and the strategy
aspect should be considered carefully.

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

The Disposal Process should pay close attention to archiving information related to disposal, and ensuring
that all required certifications are obtained and held available. This may be necessary over an indefinitely

extended span of time.

EXAMPLE 1 A part of the system infrastructure can require a special disposal method to protect the ecology.
EXAMPLE 2 A storage device can require a special disposal method to protect the data in it.
5.4.3.5 Enabling system definition and realization

Enabling s

stems apply to all parts of the life cycle and potentially support any process. For each architectyral
design soldition in the system structure the enabling system requirements related to the system ‘'should

be

identified. The enabling system requirements should be satisfied either by engineering the enabling systems
that need tp be developed or by acquisition or scheduling the existing and available enabling’systems. These
actions shquld be carried out to assure that required enabling system services are available when needed to

support thg

system-of-interest in the system structure during the applicable life cycle stage.

INEED FOR SERVICES

FROM A
8YSTEMOF-INTERES

¥ __Concept System A
[Concept Development Production Utilization Support Retirement E The System -of-Interest requirements
: for enabling services
- Development Systeni” |
.". l Concept [ Development Proq pction Utilization Support Retirement
P Production System
1 :" Concept Deve|pment I Proffluction | Utilization Support Retirement
e Support System
:_ o i Cdlncept | Develoj ent Production Utilization Support Retirement

Rt
.

The Enabling System services
delivered to the System  -of-Interest

s
Sae
o
o Coy pept
8

Retirement System

Development Prod jction

Utilization

Support Retirement

e Bl

. .
"~
traaa,

Concept ‘ Development | Production | Utilization | Support | Retirement

Svstem -of -Interest

Figure 16 — Enabling systems realization

SERVICES TO ITS
OPERATIONAL
ENVIRONMENT

The following discusses an example of the application of Figure 16 to the availability of equipment and tools
needed for implementation of a system element or for integration of lower-level system elements or systems.
If such equipment and tools already exists, the processes of Figure 15 do not need to be used. Instead the
existing enabling systems should be acquired or scheduled as appropriate. If, however, the equipment or tools
need to be developed, then the processes of Figure 15 should be used in the way described in Clauses

38
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5.5.5.2 and 5.5.5.3. The acquirer requirements for each enabling system come from the requirements
identified during the application of the Stakeholder Requirements Definition Process, Requirements Analysis
Process and Architecture Design Process to the system that is to be implemented. Such requirements would
include allowable tolerances, types of materials and material processing such as cutting, milling and stamping.
Additionally, the concept of operations (or strategy) for implementation should be available as well as any
implementation constraints to include special techniques to be used. Figure 16 suggests that an enabling
system defined as a system-of-interest and realized using the processes of Figure 15 should also have its
own set of enabling systems to provide appropriate life cycle support.

5.4.4 Application of processes in a life cycle model

5.4/4.1 Overview

ISQ/IEC 15288:2008 requires the establishment of a life cycle model to provide a framework il which the
processes of the International Standard are performed [See Clause 6.2.1.2 c)]. It also requifres the definition of
purpose and outcomes for each stage in the established life cycle model. ISO/IECSIR 24748-1 provides in
Clause 4 a description, including the purpose and outcomes, of a life cycle model with a set of s|x life cycle
stages. This model is included in Figure 17 as a reference for two related views of the system life [cycle — the
orgpnization view and the engineering view.

Organizational view

Decision

gates % * *
Pre- Feasibility . -
L study N study T Execution }‘ RI:Z:':
Milestones v v v
Bid-No Bid Go-Ahead Initiate
Production

Concept Development] Production| UtiIization| Support Retirement|

Coew——
System life cycle stages \
\

Life cycle process utilization
(sequential, iterative, recursive)

Engineering view
kFigure 17 — Qrgahization and engineering views related to representative system life cycle model

The system(life cycle model illustrated in Figure 17 does not imply any application precedence of sequence
for the application of ISO/IEC 15288:2008 life cycle processes. The order of use of the life cycle pfocesses is
infllenced by multiple factors such as social responsibilities, world trade laws, organizational cultures and
technical considerations. Each of these factors can vary during the life of a system. A manager of a|system life
cycle stage typically selects the appropriate set of life cycle processes to meet the exit criteria and other stage
objectives. For example, during any of the later life cycle stages a manager can use the Operation Process,
Maintenance Process and Disposal Process to manage the system while it performs its required functions or
is serviced to meet system requirements. During earlier life cycle stages the same processes can be used to
help manage the development of the system as well as affect the disposal of waste products or work products
that are no longer needed.

To determine which processes to select and apply during a system life cycle stage, a manager is guided by
the purpose and outcomes for each of the stages (see Clause 4 of ISO/IEC TR 24748-1). 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 17 can be considered as an illustration of an orderly passage associated with a system
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going from one stage of life to another. Both the organization and engineering views of Figure 17 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 organization 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 decisions can be
made as to whether a system should be continued to the next system life cycle stage or be modified, be
cancelled o and
decision ga vith
costs, schg

tes canbe used by organlzatlons to contain the |nherent uncerta|nt|es and risks associated
dule and functionality when a system is created or utilized.

be

The organ
used to mg
view are d¢

In order toj
appropriate
deliverable
obtain the

provides af example framework of engineering activities required to meet the\Criteria of management decig

gates and
this Techni

5.4.4.2

5.4.4.21

The organ
circumstan

and apparently limitless variety in such views,-there is an underlying notional set of characteristic milest

and decisiq

zation view of Figure 17 provides an example framework in which different approaches can
et organization goals and objectives. The framework and example approaches for the organiza
scribed in Clause 5.5.6.2 below.

meet the exit criteria of a decision gate, a system has to be appropriately“engineered and
work products need to be produced to provide decision-making“information and requ

putcomes and meet the purpose of the stage or a set of stages. The’engineering view of Figurg

related system life cycle model milestones. This engineering view is described in Clause 5.5.6.
cal Report.

Drganizational view

Approaches

izational view of Figure 17 can vary according to the nature, purpose, use and prevai
ce of the system-of-interest or the busingss of the organization. Nevertheless, despite a necess

the syste
executing t
between o
decision g
of the proj

During ear

whether th
being used

performance)

b)

life cycle. These milestonesxand decision gates should be considered when planning
e system life cycle. Milestones-provide an interim opportunity for management to review progr

before decision gates.-Examples of milestones are provided in the paragraphs below.
tes provide a framework within which organization management has high-level visibility and cor
ct.

system life cyCle stages, management can use established decision gates to determine whet

system is ready to progress to the next stage. During later life cycle stages while the system

(utilization ‘and support), the decision gate is typically used to make three kinds of decision

ion

the
red

5. Thus planned engineering activities need to take place during eaCh system life cycle stagg to

17
ion
B of

ing
ary
bne

n gates that exists. Each milestonetand decision gate has a distinct purpose and contribution to

and
ess

The

trol

her
and

is
as

whether new system technology should be inserted (change to system performance);

c) whether the system should be appropriately retired.

Jing

The concept stage of a system life cycle model has two major decision gates. The first decision gate is after a
period of pre-study. Prior to this 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.
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After studying the feasibility of the alternative concepts a second decision gate is used. Determinations such
as listed below should be made before a decision is made to initiate the execute stage of the organization
view:

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

b)

c)

opportunity;

whether a concept is sufficiently mature to warrant continued development of a new product or line of

products;

whether to approve a proposal generated to respond o a request for proposal

For
milg
fea

The
dey
asg
ma
pro
gat
wh

Thi
tha
sys|
inte
rep

=

Org
con
freq
the

The
sud

a)
b)
c)

d)

organizations that are responding to a request for proposal, there is an important-feasi
bstone. This milestone is used to determine whether or not to make a bid based on thé¢ |initial
sibility study.

e organization view illustrated in Figure 17 includes activities related to four stages of the system
elopment, production, utilization and support. Typically there are two decisign“gates and two
ociated with execution activities of the management view. The first milestone”provides the opp
hagement to review the plans for execution before giving approval to\proceed. The second
vides the opportunity to review progress before the decision is madeé to initiate production. T
bs during execution can be used to determine whether to producé/the developed system-of-i
bther to improve it or retire it.

make up the system structure. Different organizations ‘can be responsible for different syst
tem structure. Also, individual systems or system elefhents can have a shorter life than the
rest in which they are embedded, so these individual systems or system elements could
aced with improved ones during the life of the system-of-interest.

anizations employ the execution activities«f the organization view of Figure 17 differently
trasting business and risk resolution strategies. Sequential, incremental or evolutionary appr
uently used. These approaches are discussed in the clauses below. Alternatively, a suitabl
5e approaches can be developed.

 selection, development and useof one of these approaches by an organization depend on seV
h as those listed below:

the acquisition policy, of .the organization;
the nature and eomplexity of the system;
the stability of system requirements;

technglogical opportunities;

bility stage
results of a

life cycle —
milestones
ortunity for

milestone
ne decision
hterest and

5 organization view applies not only to the system-of-interest but also to its systems and systefqn elements

ems of the
system-of-
heed to be

to satisfy
baches are
e hybrid of

eral factors

e)

the’need for different system capabilities at different times;

f)

5.4.

5.4.

the availability of resources.

4.2.2 Sequential approach

4.2.21 General

For systems that have development cycles of five or more years 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 challenges are
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created because of the long period from establishing the initial requirements for the system to the deploying of

the system

in the marketplace.

The sequential approach is illustrated by the organization view of Figure 17 and has defined decision gates so
that an organization can manage an orderly progression of the system from conception through retirement.
For systems that rely heavily on off-the-shelf system elements, development is often directed to start in the
execution phase of Figure 17 without doing concept studies. In this case, the project needs to be aware of the
risks of starting development without doing the risk reduction engineering of earlier studies. Use of off-the
shelf system elements does not alleviate doing the engineering required to ensure system feasibility or doing
the risk reduction analyses and effectiveness assessments needed to ensure that interfaces are compatible
and that the system elements are expected to be compatible and interoperable so as to meet functional

requiremer
gates, not ¢

The seque
the require

5.4.4.2.2.2

This appro
Examples

manufactu
production
can be init
are typicall
this approsz
and techng

This seque
done on th
structure. T
the change
applicable

5.4.4.2.2.3

Because o
below shol
a) Expec
b) Knowl

c) Decisi

ts. What this off-the-shelf approach does is to reduce the need to go through earlier decig
bliminate the analysis necessary to reduce risks of this approach.

htial approach is most effective, and is the most efficient approach, for engineering systems wh
Ments are well known and stable or for updates to existing systems.

Applicable systems

bch is valid for systems that are one or a few of a kind or those that havé farge quantities produg
bf systems for which this approach can apply are infrastructure information technology system
ing system modification, automobiles, control systems and cofisumer products. During

stage either one or a few systems can be produced and delivéred or a large quantity produc
ated that could continue into the utilization and support stagés) The utilization and support sta
y the longest period of this life cycle and could last for many ‘years. Major systems realized us
ch often have an operation life of tens of years with modifications using technology refreshme
logy insertions made to sustain the system and lengthen-its useful life.

e system being enhanced and its related lower.level systems and system elements of the sys
he impact on the system-of-interest does ngéd to be analysed and where conflicts are revea
s to higher-level systems and the system-of-interest need to be made or the requirements for
5ystem need to be revised.

Risks

the long duration of development using the sequential approach, several risks such as those lis
Id be considered and resolved before adoption.

ations and requirements related to the system could change over the years of development.
bdgeable workers on teams could turn over.

bn making personnel in the organization could change.

d)

Custorlner personnel in the acquirer’s organization could change.

ntial approach is also applicable to modernization.of legacy systems. The engineering, howevef

ion

ere

ed.
5, a
the
ion
jes
ing
nts

em
ed,
the

ted

e)
f)

9)
5.4.4.2.2.4

The opport

42

Suppliers of system elements and related services could go out of business or change technologies.
Technical risks could be present.

Technical obsolescence could arise during a long development.

Opportunities

unities such as listed below can be associated with the sequential approach.
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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.

All system capabilities are delivered at the same time.

In-service modification decisions allow determination of whether to do maintenance, a major modification
or to retire the system from service.

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

5.4

5.4

The
pre
est
ma

TyH
de\
ver;

The
Fig

4.2.3 Incremental approach

4.2.31 General

incremental approach applies to organizations that market new versions of \aproduct at| regular or
planned intervals. An organization view not unlike the view of Figure 17 is used. ‘However, milgstones are
bblished at planned intervals to introduce a planned version of the system [that can be released to the
ket. The system realized as a result of the concept stage can be a first version.

ically the overall capabilities of the last version to be marketed/can’ be known at the start| of system
elopment. However, a limited set of capabilities is allocated to\the first version. With each |successive
5ion more capabilities are added until the last release fully incorporates the overall capabilities.

e application of ISO/IEC 15288:2008 life cycle processes as illustrated in Figure 13, Figure 15 and
Lire 16 is performed to realize each version. The operation and support of each version is dong in parallel

with the development, utilization and support of successive versions. Early versions of the system gnd support

for
mo

5.4
Thi

intri
tec

5.4

The
bef]

those versions can be phased out as newer versjons are bought and used by the customer bas¢ or a block
dification to earlier versions could be made to incorporate the new capabilities of a later version.

4.2.3.2 Applicable systems
5 approach applies mainly to systems<hat rely on new, enhanced capability versions of the system to be

bduced in short intervals so as te, remain competitive in the marketplace. Examples include jnformation
nnology systems such as business systems, medical systems and routing and firewall systems.

4.2.3.3 Risks

 incremental appreach has associated risks such as listed below that should be considered and resolved
bre adopting this-approach.

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

Versiobns marketed with too short an interval could 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 could 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.

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

The customer may change the requirements as the development progresses.
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Opportunities

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

market

Acquirer requirements for early capabilities could be satisfied.

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

place by beating the competition to market.

544.24
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The evolut
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realize eac
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version so
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5.4.4.24.2

This apprg
though the
production
information
useful for g

5.4.4.24.3

The evolut
before ado

a) Fullcg

h version. In this case, development of new versions could be.done serially or in parallel with pa
). As with versions developed using the incremental approach, different versions can be oper3
ted in parallel. Particular care should be taken, however, to maintain configuration control of e
that operation, training and support procedures are appropriate to the version being used.

Evolutionary approach

General

onary approach also applies to organizations that market new versions of a product at regula
intervals. The maijor difference of this approach with the incremental approach is that the

of the last version of the system are not known when an evolutionary development is undertaken.

requirements for the system are partially defined and then refined with each successive versio
as lessons learned from the use of an early version are translated into-new desired capabilities.

Early introduction of the system, even with limited capabilities, could enable exploitation of the

288:2008 life cycle processes as illustrated in Figure 13, Figure’15 and Figure 17 are applied to

w version with enhanced capabilities could replace an earlier version, or a block modification
the earlier version to incorporate the new capabilities of a later version.

Applicable systems

ach applies mainly to complex systems for which requirements are not well understood e
need for the system is understood and approved. These are typically one of a kind or low quar
systems. Example systems' can include custom information technology systems, mili
technology systems and specific information technology security systems. This approach is 4§
ystems that have to achieve quality in use.

Risks

onary approach has associated risks such as listed below that should be considered and resol
bting this"approach.

pabilities could be preferred at the same time.

rtial

ted

ach

can

ven
tity
ary
Iso

ved

b) Trainin
c)
d)

e)

f)

Config
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There ¢

There ¢

g costs could be unacceptable for moving to the next version.
ould be uncertainties related to determining future requirements.
ould be uncertainties with respect to planning the schedule release of the next version.

uration control could be a problem.

Inappropriate early use of a product prototype in production.
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4244 Opportunities

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

a)
b)

c)

Acquirer requirements for an early capability can be satisfied.

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

The prototypes developed to satisfy an early milestone could have a use in the market.

d)
e)
5.4

5.4

Farly introduction of a limited r‘qpahili’ry chham cauld enable Pnllnfpring a r‘nmlnnfifnr threat
Take advantage of emerging technologies.

4.3 Engineering view

4.3.1 General

Engineering is involved with a system in the early life cycle stages (concept.and development) whe

stu
reti
req

To

def
and
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To
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ma
req
acd
acd
vali

Thi
bot
of
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rec

lied, defined and created. Additional engineering is involved in later stages (production, utilizatid
rement) when unwanted and unexpected variations come about due-to design errors or failu
uirements are provided because of technology, competition, or threat’changes.

engineer a feasible system solution during the concept stage;“a system structure needs to be
ned and evaluated. This should be done to assure that system requirements are met and thg
risks are understood for the feasible system concepfiselected. When a parts list is an exit G
mple required as part of a proposal or in order to prepare a creditable cost proposal), sufficien
ineering should be done to ensure that the parts list is complete and that the costs an
erstood.

engineer a system solution during the development stage a system needs to be designed with

hil from the system-of-interest level down. through successive system levels until a system elem
de, bought, reused or implemented<’Each system should be verified that it meets its s
uirements included in configuration descriptions from architectural design, and validated that if
uirer and other interested party:requirements. Each system element needs to be transitio
uirer where it can be assembled and integrated into a higher-level system that is verified, trans|
dated. This action continues.through successive levels upward to realize the desired system-of-

n it is being
n, support,
res or new

sufficiently
t the costs
riterion (for
tly detailed
i risks are

Appropriate
ent can be
pecification
meets the
hed to the
tioned and
nterest.

5 approach whether.applied to the concept stage or the development stage is typically called toj
om up engineering and describes one block of the engineering activities illustrated in the engin
Figure 18. The ‘top down, bottom up approach is illustrated in Figure 18 and is identified i

Lirsive application of the processes in Figure 15 to define and realize the system structure.

ature as the<*Vee” diagram or model. This figure reflects the work products and actions expectg

b down and
ering view

technical
d from the

Although the engineering “Vee” model of Figure 18 only shows four levels, the Stakeholder Requirements
Definition Process Reqwrements Analysis Process and Architecture DeS|gn Process should be applied to the

d = 3 votk products
(speC|f|cat|ons and ver|f|cat|on and vaI|dat|on plans) should be developed for each IeveI of the system
structure as illustrated in Figure 15.

The box at the bottom of the “Vee” in Figure 18 represents application of the Implementation Process at any
level of the system structure. The result is an implemented system element that can be a mathematical model
or physical prototype or the physical product to be transitioned to the acquirer. The actual product is
dependent on the system life cycle stage and organization view exit criteria for a decision gate or milestone.
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Figure 19 by replacing the "engineéring activities" identified blocks shown in Figure 17 with the enginee
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/

Implement system elements

and verify and validate
T

Figure 18 — The engineering “Vee” model

5ide of the “Vee” in Figure 18 illustrates the application of the Integration Process, Verifica
ransition Process and Validation Process to form higher-level systems. These processes
ursively at each level to each system element, each system and finally‘the system-of-interest. 1
hat each system, including the system-of-interest, in the system structure should be integrated
d validated against the configuration descriptions and other descriptive documents of
ing system on the left.

y efforts to correct variations or failures and to meet changed requirements are typically initiate
bvel within the system structure and below the levelhof the system-of-interest. The same gen
) approach using the “Vee” model is appropriate.Inithis case, however, the system affected is
e system structure where the re-engineering effort begins. The requirements for the change
s to how they could affect interfacing and interacting systems and the performance of the syst
Then the Stakeholder Requirements Dgfinition Process, Requirements Analysis Process

Al Design Process are used downwardithrough successive levels of system structure to de

Process, Verification Process, Transition Process and Validation Process can be used upw
ccessive levels to the system-ofsinterest. This approach is often called middle-out engineering.

ering "Vee" model is used\in each system life cycle stages as appropriate to meet stage entr
or to meet the organization view milestone or decision gate requirements. Such use is illustrate

b| of Figure 18. There are points along the system life cycle when all functions have been defi
e captured in a_configuration managed set of documents, which are often called a functid

similar point\eccurs when all functions have been allocated to hardware, software, process
, facilities{hdmans, or naturally occurring entities and an analogous allocated baseline can
hile other such baselines can be established, commonly only a third one is formed when the
instantiation of a system has been made. This is called a product baseline, where product can r¢
service, following the definition of a system in International Standard ISO/IEC 15288:2008.

ion
are
[his
and
the

J at
pral
the
are
bm-
and
fine
the
ard

or
d in
[ing
ned
nal
es,
be
first
pfer

Representative outputs are provided for each application of the “Vee.” These products are used to satisfy the
requirements for the applicable milestone or decision gate of the organization view (see Figure 17).
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System life cycle stages

Concept Development‘ Production‘ Utilization‘ Support | Retirement

Simulation Pre-
L?-g?:&?gs or virtual System  production Modifications

5.4

Teq
eng

a)

b)

d)

e)

Functional Allocated Product
baseline baseline baseline

Engineering view
Figure 19 — Engineering view with engineering “Vee” models

4.3.2 Technical reviews

hnical reviews such as listed below should be conducted for’éach project as appropr
ineering view used.

A review held prior to performing the Requirements Analysis Process to ensure that the 3
requirements are complete, consistent with the acquirer’s intent, understood by the supplie

ate to the

stakeholder
F and have

been validated. This review can prevent proceeding‘with a less than acceptable set of requirenpents.

A review conducted to consider all concepts, looked at and to determine whether the preferr|
has the potential of satisfying defined stakeholder requirements and is based on a set of viable
technical requirements that are balanced:with respect to cost, schedule and risk.

An evaluation of the established requirements baseline to ensure that the set of technical re
are balanced with respect to cost, schedule and risk.

An evaluation of the established functional baseline to ensure that the system definition is
achievement of technical\tequirements. It also could be used to ensure readiness to proce
preliminary design of each’ system of the system structure.

A review conductedfor the preliminary design of each system of the system structure to confirn
1) the specifications and other configuration descriptions are defined appropriately;

2) the.design solution is consistent with its acquirer’s requirements;

3), -enabling system requirements are sufficiently defined to initiate enabling system develo

ed concept
, traceable

quirements

based on
bd with the

n that:

oments, as

required, or to acquire the applicable enabling systems;

4) approaches planned for developing designs for pre-production prototypes are appropriately planned;

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

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

1) specifications and drawings are appropriately defined to realize the design solution through

implementation or integration, as appropriate;

2) the design solution is consistent with its acquirer requirements;
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3) enabling system requirements to provide life cycle support have been adequately defined to initiate
enabling system development or acquisition, as appropriate.

g) Reviews conducted prior to each scheduled series of tests on an implemented or integrated test system
to ensure test readiness by confirming that all test related enabling systems are in place and the test
environment is prepared to accomplish test objectives.

h) Reviews conducted prior to releasing each design solution for first system or batch production to ensure
production readiness by confirming that production enabling systems and materials are in place and the
production environment is prepared to accomplish production objectives.

After completion of the detailed design of each system in the system structure that is based on the allocdted

baseline, gnd with proof that the production system is ready and other enabling systems are ready “or

expected t
be aone o

5.4.4.3.3

Two types

described bhelow.

a) A fung
specifi
follows

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

A pre-
be typ

b) A phy
docum
proced
the firq

b be available when needed, the system can be released for production. The system produced
a kind, the first of a limited version or the first of many that will be produced.

Configuration audits

pf configuration audits can be performed — functional audit and physical addit. These two audits

tional audit is used to demonstrate that system verification resultS/.compare favourably with

d. This audit is also used to confirm that verification \results compare favourably aga

cally completed before release of the system for initial production.

sical audit is performed to examine the “as-built” or “as-coded” system against its configura
entation such as drawings, bill of materials, specifications, code lists, manuals, verifica
ures and acceptance data. The “as-built? or “as-coded” system examined should be one or mor
t set of systems produced during theghitial production. Selection of the systems to be used in
hould be done at random by the auditors. The purposes of the physical audit are given below:

confirm that the system has been realized correctly in accordance with its drawings
ecifications;

confirm that the information database represents the essential set of work products or artefd
m the engineering-effort;

confirm that required changes to previously completed specifications have been included;

confirm that enabling systems for future system life cycle stages will be available, can be execu
d meétstakeholder requirements;

audit
1) to
S
2) to
frg
3) to
4) to
ar
5) to

are
can

are

the

cations against which verification was performed and that planned verification procedures were

nst

production prototype or the first system produced is typically used for verification. This audit shquld

ion
ion
b of
the

or

cts

ted

provide the basis for approval of further production of the system, if applicable.
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Annex A
(informative)

Notes for application of ISO/IEC 15288:2008 processes
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The

not
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A.j

5 annex provides users of ISO/IEC 15288:2008 with additional help for selection and-use
rnational Standard processes. This help is based on notes that could affect procéss’ se
lication.

b essential elements of each process in ISO/IEC 15288:2008 are the purpose/and set of outd
pose statement provides the overall rationale for the use of the process. The 'dutcomes are th
ervable results from carrying out the activities of a process. The outcomes pfovided for each
/IEC 15288:2008 provide a benefit that motivates selection and execution of that process.
rence with one or more clauses from ISO/IEC 15288:2008 are proyvided to aid use.

e NOTES embedded within the clauses of ISO/IEC 15288 are.informative guidance material g

constitute requirements of ISO/IEC 15288:2008. The NOTES\in ISO/IEC 15288 are intended t
nt of the activity to which they are associated and have thé same status as those included in thi

. Agreement processes notes (Clause 6.1)

Table A.1 — Acquisition Process (Clause 6.1.1)

2:2011(E)

bf selected
lection and

omes. The
e expected
process in
The notes

bw are intended to help in the application of process activities and tasks to realize the outcomes. Cross-

nly and do
b clarify the
5 annex.

NOTES ISO/IE

CLAUSE

£C15288

In order to properly accemplish the Acquisition Process activities and tasks, | g 1.1.1
applicable Organizational\Project-Enabling, Project and Technical processes should
be implemented, as appropriate. 6.2, 6.

3, 6.4

Typically in anyacquisition situation there are several approaches or ways of doing | g 1.1
something. An approach or way that best achieves the overall acquisition goals and
constraints is desired. Considerations to include are:

1) After market opportunities.

2)~~Business unit policies.

3a)1)

3) Organization environment.

4) Financial resource availability.
5) Human factors.

6) Improvement strategy.

7) Integration and interoperability.

8) Logistics (supportability).
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NOTES ISO/IEC15288
CLAUSE
9) Obsolescence.
10) Operational environment (pollution, disposal).
11) Producibility.
12) Safety.
13) $ecurity.
14) Competition.
15) $takeholder goals.
16) $urvivability.
17) Time-to-market constraints.
18) Potential risks for acquisition and supply.
c) An agquisition plan is prepared using the Project Planning Process. 6.1.1.3.a)
6.3.1

d) Typiqgal solicitation documents include: acquisition request (for example request for | g 1.1.3.p)
propgsal, request for bid, request for information, request for quote), memorandum
of intent, offer or directive.

e) Whenever possible for a formal contract situation involving outside suppliers the | 6 1.1.3 ¢)
poterntial suppliers need to be involved in the definition of the acquisition request
document to provide an optimum match™ of stakeholder needs with system
requifements.

f)  The level of formality of the mopitering should be clearly established at a level | g 1 1.3 q)
apprgpriate to the scope and-"context of the agreement, including mutual
respgnsibilities, frequency and“mode of monitoring and ways of gauging acceptable
execuyition of the agreement:

g) Estabilish who is authorized to accept each distinguished product or service and on | 5 11,3 ¢)
what [basis, including.applicable Verification and Validation processes

6.4.6,6.4.8
Table A.2 — Supply Process (Clause 6.1.2)
NOTES ISO/IEC15288
CLAUSE

a) In order to properly accomplish the Supply Process activities and tasks, applicable | g 1 2.3
Organizational Project-Enabling, Project and Technical processes should be
implemented, as appropriate. 6.2,6.3,64

b) A solicitation is typically from an internal or external business unit (it can be internal | 5 1.2 3 a)
to the project). The solicitation does not need to be formal.
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c) Alternatively, business units conduct market research in order to establish the | g 123 a)
opportunities available within a particular business sector.

d) A supply plan is prepared using the Project Planning Process. 6.3.1

e) Typically in any supply situation there are several approaches or ways of doing | 5123 b)
something. An approach or way that best achieves the overall organizational and
supply goals and constraints is desired. Considerations to include are:

1) Applicable legislation and regulations that apply to the supplier.

2) Business unit goals.

3) Competition.

4) Organization environment and policies and procedures.
5) Resource availability.

6) Related management, technical and resource risks.

f)| Whenever possible for a formal contract situation involving a prinfafy and supporting | 6.1.2.3 b) and
suppliers the potential supporting suppliers need to be involved in the definition of c)
the tender response and supply agreement negotiation, diréctly, indirectly, or both,
to provide an optimum match of capabilities with system.requirements.

g)] The level of formality of the monitoring should e clearly established at a level | g 1 2 1 d)
appropriate to the scope and context of the supply agreement, including mutual
responsibilities, frequency and mode of monitering and ways of gauging acceptable
execution of the agreement.

h)| Establish who is authorized to accept the supplied each distinguished product or | 5 1.2 3 e)
service and on what basis, including applicable Verification and Validation
processes

A.3 Organizational project-enabling processes notes (Clause 6.2)

Table A.3 — Life Cycle Model Management Process (Clause 6.2.1)

NOTES ISO/IEC15288
CLAUSE

a)| “Io-selecting processes for application within a system life cycle stage some of the | g 5 1 3 a)
—processes of tISONEC 1528872008 ay not be appticabte for an organization. tmthis
case, such processes are expected to be not included in organizational standards, | 6-2.1.3 b)
policies and procedures or other directive media. In cases where the organization
desires that certain activities of a process be part of directive materials, these
selected activities can be included as part of the definition of other processes or an
entire process could be subordinated to an activity level under another process.

b) New project processes can be formed or an activity under one of the system life | 52 1.3 a)

cycle processes can be elevated to the process level.
6.2.1.3 b)
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NOTES ISO/IEC15288
CLAUSE
c) Standardization of life cycle processes within a business unit can vary. However, | g2 1.3 )
organizations typically encourage all projects and functional business units to use
common practices and standards where it is advantageous to do so.
d) Definition of standardized processes includes related methods and tools to be | g2 1.3 p)
implemented in projects in accordance with organizational policies and procedures
and investment decisions. 6.2.1.3¢)
e) Appropriate disaster recovery procedures are typically established for all | g2 13 b)
organizational project-enabling processes and databases.
Table A.4 — Infrastructure Management Process (Clause 6.2.2)
NOTES ISO/IEC15288
CLAUSE
a) Typicdly infrastructure is established based on: organizational stfategic plan, | 2.2 3 a)
capabllities, resources, risk levels, value to the customer, and technolagy policies. For
a buginess, payoff goals, market segment, market position; investment and
compsgtitive advantage are also factors.
b) Itis cfitical to establish, use and continually refine metrics that show how well the | 5 2 2 3 p)
infrastfucture is supporting the needs of the organization in executing its mission,
using fesources that have demonstrated expertise in this-area.
Table A.5 — Project Portfolio Management Process (Clause 6.2.3)
NOTES ISO/IEC15288
CLAUSE
a) The Project Portfolio Management Process sets the environments for organizations in | g 2.3
which multiple ongoing prejeets are accomplished to include applicable strategic and
tactical plans, system lifé ‘cycle models, and policies, procedures and standards. In | 6-2.3 @)
additign the process ‘establishes constraints for technologies, product lines, and
project management aids and provides communication paths with which projects
interadt with each.other and the organization.
b) Policigs and procedures that support and direct projects that perform the services and | g 2.3 b)
produge thg” organizational products, services, or both, should be evaluated on a
regu]a' basis—Changes—to policies—and procedures—are evaluated to ensurethat
continuous improvement of organizational maturity for satisfying its strategic and
tactical objectives is realized.
c) The integrity level for different systems produced by projects can require separate | g 2.3 b)
sets of policies and procedures.
d) Appropriate management aids are typically established to enable availability of valid | g 2.3 a)
information for directing and enabling projects including project status, standardized
automated tools, organizational products available for reuse, and the status of | 6-2.3 b)
emerging technologies and related market opportunities and threats and the
information databases in which captured data and documents are warehoused.
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NOTES ISO/IEC15288
CLAUSE

e) It is critical to establish, use and continually refine metrics that show how well | g2 3 b)
projects, individually and in the aggregate, are achieving their objectives and those of
the organization, using resources that have demonstrated expertise in this area. 6.2.3¢c)

Table A.6 — Human Resource Management Process (Clause 6.2.4)

NOTES ISO/NEC15288
CLAUSE

a)| This organization process includes establishment of human resource services that/| g 2 4
enable organizations to achieve their goals and objectives within legal, financiakand
other constraints and agreement requirements.

b)) Human resource services include, but should not be limited to: 6.2.4 I)
1) Resource acquisition. 6.2.4 )
6.2.4 ¢)

2) Skill assessment.
6.2.4 q))

3) Skill development.

4) Skill measurement.

5) Effective skill deployment to organizational'needs.
6) Direct and indirect compensation.

7) Knowledge capture, storage and, re-deployment.

c)| The infrastructure and skill mix of personnel in projects, individually and in the | g 24 )
aggregate, ought to be reviewed for consistency with organizational strategic and I

tactical objectives. 6.2.4 b)
6.2.4 ¢)
Table A.7 — Quality Management Process (Clause 6.2.5)
NOTES ISO/IHC15288
CLAUSE

a)| \is process is consistent with establishment of quality management approaches | g 2 5
that lead to conformance with ISO 9001.

b) This process provides a sufficient level of confidence that system and service | g2 5 )
quality attributes for each project are adequately defined and activities are
effectively and efficiently managed so that customer requirements are met and | 6-2.5b)
other parties interested in organizational success are satisfied.
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A.4 Project processes notes (Clause 6.3)

Table A.8 — Project Planning Process (Clause 6.3.1)

NOTES ISO/IEC15288
CLAUSE

a) The Project Planning Process defines the necessary plans to support other | 1)6.2.3.3 a)
processes. For example, to 1) arrive at an investment decision, 2) prepare a
responsive response to a solicitation, 3) determine whether to proceed or continue | 2) 6.1.2.3 b) 2)
work te-satisi-the—reguirerrenis-of-a-specific-oraanizational-mederstage—entrrexitand 6 31 3 b) 6)

to-satisfy-therequirements-efa-specific organizational-medelstage-entrpexit )

criterla, 4) guide the work required to meet the requirements of an established 3)6.2.3.3 0)
agregment or 5) re-plan the work.

4)6.3.1.3,b) and
c)
5)6:3.1.3a) 1)
and b) 2)

b) Plang are constrained by organizational goals and objectives and stakehalder’| 5 3 1.3 a)
needs.

c) Plang include the scope, tasks, methods, tools, measures, risks and reseurces for | g 3 1.3
appli¢able system or system element implementation, integration; Verification,
transftion and validation processes, so that each contingencyCeption can be
efficigntly and effectively used.

d) Re-planning is typically initiated 1) when required by an<agreement, 2) when | g3 1.3 a)
significant variations or anomalies are identified from other\process outcomes or 3)
beforg implementation of the next engineering view.or organization view stage 6.3.2
relatgd to the system life cycle model selected by the'organization

e) Contingency options are used in a plan when thiere are known risks or opportunities | g 3 1.3 a) 1)
(for gxample significant changes in budget,:schedule, requirements or technology,
or regource availability) that can cause the project or work effort to be redirected.

f) Plang should be tailored as to the ‘level and formality to suit project or work | g3 1.3 a)and Ip
complexity, uncertainty and resources including funding.

~

g) A wark breakdown structure (WBS) of the system structure and applicable non- | g3 1.3 g) 4)
system-structure-specificirelated project process activities is typically established.
Non-gystem-structure~related project process activities include project planning, 6.3.2
assegsment and centrol, risk management, decision management, configuration | g 3 3

manggement, infermation management and measurement.
6.3.4

6.3.5

6.3.6

h)  The initial WBS should be based on the system structure and the system life cycle | 6.3.1.3 a) 4)
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.

i) The items 1) through 4) below should be helpful for determining project schedules, | g 3 1.3 b)
staffing requirements and resources requirements:

1) Key events required to meet technical requirements (for example technical | 5.3 1.3 p)
review, production readiness review, verification, modification decision review).
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NOTES

ISO/IEC15288
CLAUSE

2) Primary tasks related to accomplishing entry and exit criteria of each key event
(for example define stakeholder requirements, prepare engineering drawings,
complete technical or management review package, conduct test).

6.3.1.3

b)

3) Support tasks that enable the staff accomplishing primary tasks to meet their
objectives [for example 1) acquire resources, equipment and facilities, 2)
acquire appropriately skilled personnel for accomplishing the primary tasks,

6.3.1.3

b)

and ’%) arrange fra\/pl]

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

6(3y1.3

After approval by the appropriate authority the project schedules are considered a
baseline subject to change control in accordance with organizationalpolicies and
procedures.

6.3.1.3

b) 1) and

k)

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

6.3.1.3

b) 3)

Plans can be individual documents in a collective)ydocument or captured in an
electronic media for access by appropriate partiCipants. A plan is an initial output of
a process that enables the process to be efficiently and effectively accomplished. A
plan should be made using appropriate Project Planning Process activities.

6.3.1.3

b) 6)

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

6.3.1.3

c) 1)

An engineering plan.is appropriate for each applicable organization view stage and
for each project~(for the engineering or re-engineering of a system) using the
engineering “Vee” model.

6.3.1.3

c) 1)

The engineering plan is also known as the Systems Engineering Management Plan
(SEMP) jor Integrated Management Plan (IMP).

6.3.1.3

c) 1)

The’list below should be used as a checklist to ensure inclusion and completion of
eSsential and applicable information in an engineering plan

6.3.1.3

c) 1)

1) The general problem to be solved.

2) The benefit to the acquirer (organizational perspective).

3) The application context of the general problem to be solved.

4) The boundary 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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NOTES ISO/IEC15288
CLAUSE
5) The required inputs and outputs including dependencies on enabling systems.
6) The influencing factors and constraints.
7) The system concerns with respect to reliability, availability, maintainability,
security, safety, information quality, health factors, survivability,
electromagnetic compatibility, radio frequency management and human
factors
8) Project processes, activities, and tasks that will be accomplished.
9) How each applicable technical process will be accomplished and how each
process connects (inputs and outputs data flows and sequencing) with other
technical, project, organization and agreement processes.
10) Resources, methods and tools planned to accomplish the activities and tasks
gf each applicable process.
11) How required resources and tools will be acquired and used.
12) The organizing structure to be used to ensure efficient and effective teamwork.
13) How the project will be staffed and managed.
14) Key measures for product quality and how satisfaction will be determined.
15) Key intermediate events and how such event completion will be determined.
16) (Vhen, where and by whom activities and events will be completed.
17) The technical risks involved and how.risks will be managed.
18) Fotential opportunities and howithe opportunities will be identified and tracked.
19) The completion criteria forthe process activities.
20) The entry and exit criteria for re-performing each process.
21) How completionwill be determined.
Table A.9 — Project Assessment and Control Process (Clause 6.3.2)
NOTES ISO/IEC15288
CLAUSE
a) Formalized methods for cost and schedule management exist. Examples include: 6.3.2.3.a)
1) Design-to-cost (used to establish a cost requirement equivalent to other
system performance requirements).
2) Event-based scheduling [used to establish events (for example milestones),
significant activities and tasks related to an event, and the criteria by which
completion of activities or tasks are determined].
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NOTES ISO/IEC15288
CLAUSE
3) 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).
b) Appropriate analyses and assessments are conducted to: 6.3.2.3 a)
1) Determine the r‘nnfinlling Pnneicfnnr‘y and__relevance of prnjnnf Ir_\lane
(management and technical).
2) Determine project technical progress using defined technical metrics based on
estimated achievement and milestone completion.
3) Determine effectiveness of the project team technical roles and structure’using
where possible objective measures such as technical achievermment and
efficiency of resource use.
4) Determine the adequacy of team member technical competencies and skills to
satisfy technical roles and accomplish technical tasks.
5) Determine the effectiveness and value of supporting training.
6) Determine the adequacy and availability of the, technical infrastructure and
services at defined intervals to confirm that intra-organizational commitments
are satisfied.
7) Determine the quality and progress of ‘the design of system, materials used,
and enabling system services.
8) Determine technical varianceswith project estimates and identify variances to
cost, availability and performance specifications.
9) Evaluate the effectiveness of technical data gathering, processing and
dissemination.
10) Determine technical variations between expected results and assessment
results to detect trends and identify root causes.
11) Determine the quality of technical data gathered, the value of the information
derived, its timeliness, completeness, validity, confidentiality (if required) and
its benefit to recipients.
c)| Jdhe’Project Assessment Process should be used to select, assess and collect | g 3 2 3]g)
system and process measures to provide information for support of project
management. Specifically it includes determining:
1) Progress of the project.
2) Information for risk resolution.
3) Meaningful financial and non-financial performance.
4) Effectiveness and risk information for doing trade-off analyses and providing
recommendations on actions to take and resulting impacts.
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NOTES ISO/IEC15288
CLAUSE

d) Use of the Project Assessment Process aids management decision making by | §.3.2.3 a)
providing information that results from monitoring and analysing project work to
determine:

1) Progress and achievement against plans (work productivity) and against
technical requirements (product quality).

2) Adherence to Ir\rar*’rimac and prnr‘pdllrpc
3) Readiness to proceed to the next stage of the organization view (through
decision gates or milestone reviews) or to the next level of the system
gtructure.

4) Effectiveness, risks and opportunities associated with alternatives available to
decision makers.

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

e) Prodjict measures assess progress and achievement against system and other | §3.2.3 a) 1), 4
workTproduct technical requirements. and 6)

f)  Systgm measures (also called product measures) are used to assess stakeholder | g3 2.3 ) 5) and
satisfaction and to deliver an ever-improving value to 4he' acquirers of project 6)
prodycts and services. These measures also are indicative that the design process
is coptinuing in the direction of an acceptable solution. An example of an input
system measure is the quality of materials and skills\of assigned project personnel.
Exanpples of output measures include: custemér complaints, in-service failure
reports and technical performance measures (TPM). A TPM is a measure used to
assesgs design progress, compliance to peffermance requirements, and technical
risks [for critical performance parameters)\ TPMs are derived from the MOPs (see
Annex C.18 Note 4) focusing on thg) critical technical parameters of specific
architectural elements of the system_as it is designed and implemented. Selection
of THMs should be limited to criti¢al technical thresholds or parameters that, if not
met, [put the project at cost, schedule, or performance risk. A TPM provides an
early|warning of the adequacy of a design in terms of satisfying selected critical
technjical parameter requitements. The TPM includes the projected performance,
such [as a growth curye with thresholds of acceptable variance. Performance of the
system or system element is tracked through the life cycle and compared to the
projected and required values. Early in the life cycle the performance values may
be egtimated,(based on simulation and modelling. As the life cycle proceeds, actual
data | replaces ™ estimates and adds to the fidelity of the information. This
meadurement of the design solution as it evolves allows action to be taken early in
the pfocess, rather than wait until system testing to address.

g) The planned times, and actual or estimated labour, material and service costs | §.3.2.3 a) 5) and
should be collected and evaluated and compared against baseline budgets and 8)
current forecasts.

h) The outcomes of a productivity assessment (progress satisfying plans) provide | .32 .3 a) 2) and
status information to enable efficient use of resources, evaluation of progress | g)
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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NOTES

ISO/IEC15288
CLAUSE

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.

6.3.2.3
and 6)

a) 4), 5)

Measures are identified and used to assess the efficiency of the scheduled work.
Example measures include earned value (cost/schedule measure), amount of
waste, number of engineering changes, percentage of drawings completed,

6.3.2.3

a) 5)

number aof drnwing errors. Inr:\rm:\nfngn of lines of caode anplph:\d rewark
percentage, idle time (for example work in progress), change rate and turnover in
personnel. The criteria for process measure selection are based on how well
enhancement in project performance correlates with improvement in potential
customer satisfaction with respect to cost, schedule and risk.

k)

Measures are defined and used and the data is gathered to permit assessment of
customer satisfaction.

6.3.2.3

a) 5)

Technical reviews, audits and inspections are conducted against technical plans in
accordance with defined schedules to demonstrate conformance_of actions and
outcomes to planned technical work.

6.3.2.3

@) 6)

Typical review objectives include determination of:
1) System maturity and how well the solution satisfies requirements.
2) Traceability of requirements, the validity of assumptions and decision rationale.

3) Identification of un-resolved issues and-those issues not determined during
project work.

4) Related risks, needed resources*and adequacy of preparation for conducting
the next system life-cycle stage.

6.3.2.3

@) 6)

System-of-interest level reviews can be done in conjunction with an organization
view milestone, decision‘gate or quality review.

6.3.2.3

a) 6)

Non-conformance of deliverable work products, services and processes ought to
be recorded and- appropriate actions recommended to correct the out-of-
conformance condition.

6.3.2.3

a) 7) - 9)

Use of the-Project Control Process aids the capture and management of outcomes
fromproject management and technical work including the redirection of that work
to~overcome obstacles, to respond to changing circumstances or to correct
variances.

6.3.2.3

Requirements management is done in parallel with cost, schedule, quality,
configuration, interface, risk and change management activities that track
compliance of project agreement and technical requirements.

6.3.2.3

b)
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a) The types of trade-off analyses typically performed during performance of life cycle | 533 3 a) and
processes include: b)

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

2) |pformal—ollows the same methodology of a formal trade-off analysSiS but
requires less documentation and is of less importance to the acquirer.

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

—h = ~~ N0y C

b) Trade-off analyses are conducted throughout implementation of project and | 6.3.3.3a)2), b
techrfical processes to resolve conflicts (such as conflicting requirements) and select | 1) gnq c)
a recpommended solution from a set of defined alternatives (such as optienal actions
to take for risk resolution, resolutions for requirement conflicts, alternative logical
archifectural design solutions and alternative physical architecturahdesign solutions).
Outcomes from a trade-off analysis include the recommended option,
implementation considerations, impacts related to each option, basis of
recommendation and assumptions made.

~

Table A.11 — Risk Management Process (Clause 6.3.4)

NOTES ISO/IEC1528B
CLAUSE

a) Risk management should not be viewed as an extra activity, as an activity layered | 5.3 4.1
on agsigned work or as an activity-‘'outside a project’s responsibility.

b) Risk management is a general procedure for resolving risks. Risks are considered | 5.3 4.3 a)
resolyed when the possible consequences are acceptable. Acceptable means that
the project can live with’'the worst-case outcome. Risk management includes:

1) Risk planning that includes preparing a risk management plan.

2) Risk @ssessment that is used to define the risk including identifying sources and
evallating potential effects.

3) Risk control that is used to resolve risks and includes developing risk resolution
action plans, establishing triggers for implementation of risk resolution action
plans, monitoring risk status, implementing risk resolution action plans when a
trigger is tripped and correcting deviations from project plans.

¢) Risk management has two dimensions of awareness—past and future. The past | 5.3 4.3 a)
dimension of risk is based upon past experience and 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
work and implementation of the plan to produce the product. The future dimension is
based on transformation of the project vision into goals and objectives used for
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establishing plans and being aware of the future from which risks and opportunities
are identified and the ambiguities of available information and resources as well as
the uncertainties uncovered during work.

d) Risk management includes: 6.3.4.3 a)

1) Identification of risk to include sources and related issues, concerns, doubts,

uncertainties and assumptions
L

2) Analysis based on established criteria to include estimation of risk probability
and consequences and the prioritization of risks.

3) Planning of alternative strategies for risk resolution, definition of a specifi¢ risk
action plan for selected approach and establishment of triggers (or thresholds)
for taking risk resolution action.

4) Tracking to include monitoring risk status and comparing thrésholds to risk
status, using triggers to provide early warning and reporting( status based on
risk measures.

5) Resolution of risks by appropriately identifying triggers;implementing an action
plan, report results and continuing planned actions till risk is acceptable.

e) Risk management tools include ones for: 6.3.4.3 a)

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

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

3) Risk alternative strategy planning—iso-risk charts, lessons learned, risk
leveraging, warrantees and insurance.

4) Risk tracking=~technical performance measures, earned value, measures and
risk watchlist.

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

f)| &Keys to successful risk management include: 6.3.4.3 a)

1) Right people. People communicate issues, concerns and uncertainties. It is
essential to define desired participation, ability and motivation.

2) Right Process. Process transforms uncertainty into acceptable risk through risk
management activities including execution and definition.

3) 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).
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