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Foreword

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

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

at are

members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part

in the

work. In the field of information technology, ISO and IEC have established a joint technical comy
ISO/IEC]TC 1.

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

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

Attention is drawn to the possibility that some of the elements of this doctument may be the s
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such
rights. Details of any patent rights identified during the development-of'the document will be
Introduction and/or on the ISO list of patent declarations received (see'www.iso.org/patents).

Any trade name used in this document is information given for thé convenience of users and do
constitute an endorsement.

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

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

Alist of all parts of the ISO/IEC 24748 series can be found on the ISO website.
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Introduction

This document was developed in response to a need for consistent terminology, definitions and
guidance that elaborates the area of system integration, taking into account the context of use and the
proven practices for the development of systems.

ISO/IEC/IEEE 15288 includes an integration process that focuses on physically assembling the
implemented system elements composing a system to obtain an “integrated system”. This process

interffices directly to other technical processes and indirectly to activities and tasks of other technical
processes, in particular, the processes that define the system requirements, architecture and designt

The pyirpose of this document is to facilitate the usage of the integration process of the latest reyision of
ISO/IBC/IEEE 15288 by providing guidance on system integration.

This document describes the integration engineering activities dealing with planning, performing and
managing the integration of a system, including the related activities of other technical processes, in
particular, verification and validation processes. These are real practices in industry;ize. the integration
of a system is technically engineered and managed as a project (included in the system development
projedt). Although these practices are performed, they were not formalized/n-a standard or a guide
when this document was written.

vi © ISO/IEC 2016 - All rights reserved
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Systems and software engineering — Life cycle
management —

Part 6:

System integration engineering

1 Scope
This document

— specifies activities and processes to be implemented for engineering thedntegration of syste
interest throughout the life cycle (systems made of products and/or services; see Note 1),

— provides guidance for the integration process and its relationships to other system life
processes as described in ISO/IEC/IEEE 15288,

— specifies the information items to be produced throughs«the implementation of the integ
engineering (integration process and its relationships to 6ther system life cycle processes),

— specifies the contents of the information items, and
— provides guidelines for the format of the information items.
This document can be applied to

— those who use or plan to use ISO/IEG/IEEE 15288 on projects dealing with man-made sy
software-intensive systems, products and services related to those systems, regardless of
scope, methodology, size or compléxity, and

— anyone performing integratioi’engineering activities to aid in ensuring that the application
integration process and its.relationships to other system life cycle processes conform to IS(
IEEE 15288.

NOTE1 Systems congerned within this document are those as defined in ISO/IEC/IEEE 15288, i.e. s

ms-of-

cycle

ration

stems,
roject

of the
/1IEC/

ystems

that are man-made and,can be configured with one or more of the following: hardware, software, data, hiimans,

processes (e.g. processes for providing service to users), procedures (e.g. operator instructions), fa
materials and naturally occurring entities.

NOTE 2  Thisdocument is intended to be consistent with the other parts of ISO/IEC 24748.

2 Normative references

Filities,

bntent

The following documents are referred to in the text in such a way that some or all of their ¢

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC/IEEE 15288:2015, Systems and software engineering — System life cycle processes

© ISO/IEC 2016 - All rights reserved
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC/IEEE 15288 and the
following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

t specific goals, i.e. integration (3.1.5), verification(3:1.16), validation (3.1.14), manufacturing
and prroduction.

3.1.4
enablfjng system

systenmp (3.1.10) that supports a system-of-interest (3.1.12) during its life cycle stages, but does not
necesgarily contribute directly to its functionduring operation

EXAMPLE When a system-of-interest enters the production stage, a production enabling system is required.

Note 1| to entry: Each enabling system has a life cycle of its own. ISO/IEC/IEEE 15288 is applicable to each
enablihg system when, in its own right; it is treated as a system-of-interest.

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.18]

3.1.5
integration

activities of comhinirig several implemented system elements (3.1.11) and activating the interfaces
(3.1.8] to form a realized system (product or service) that enables interoperation between the system
elemepts andwith other systems (3.1.10) to satisfy system requirements, architecture characteristics
and d¢sign‘properties

Note 1jto-entry: In this document, the term “integration” is limited to the integration of the implemented system

elements which compose a system and the necessary life cycle related activities. Integration may occur to
connect a system-of-interest (3.1.12) with external interoperating systems and/or enabling systems (3.1.4).

Note 2 to entry: The process of combining software components, hardware components or both into an overall
system (ISO/IEC/IEEE 24765).

2 © ISO/IEC 2016 - All rights reserved
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3.1.6

integration engineering

set of activities that defines, analyzes and executes integration (3.1.5) across the life cycle, including
interactions with other life cycle processes

Note 1 to entry: The application of the system life cycle processes and knowledge of the system-of-interest (3.1.12)
are necessary in order to integrate a set of system elements (3.1.11) into a system (3.1.10).

3.1.7

Integration management
set of activities that plans, assesses and controls the integration activities and all related actiwitigs

Note 1 to entry: It helps ensure that the process outcomes are achieved and that the integration related
information items are identified, documented, maintained, communicated and traced throughoutthe life ¢ycle of
the concerned system (3.1.10).

3.1.8

interface
set of logical and/or physical characteristics required to exist at a common boundary or connection
between system elements (3.1.11)

Note 1 to entry: As examples of interface definition, refer to ISO/IEC/IEEE 24765.

3.1.9

supplier
organization or individual that enters into an agreement-with the acquirer (3.1.1) for the supply of a
product or service

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.45]

3.1.10
system
combination of interacting elements orgahized to achieve one or more stated purposes

Note 1 to entry: A system may be considered as a product or as the services it provides.
[SOURCE: ISO/IEC/IEEE 15288;2015, 4.1.46]

3.1.11
system element
member of a set of elements that constitute a system (3.1.10)

[SOURCE: ISO/IEGZEEE 15288:2015, 4.1.47]

3.1.12
system-of-interest
system (3.1.10) whose life cycle is under consideration in the context of this document

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.48]

3.1.13

user
individual or a group that benefits from a system (3.1.10) during its utilization

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.52, modified]

3.1.14

validation

confirmation, through the provision of objective evidence, that the requirements for a specific intended
use or application have been fulfilled

Note 1 to entry: A system (3.1.10) is able to accomplish its intended use, goals and objectives (i.e. meet stakeholder
requirements) in the intended operational environment. The right system was built.

© ISO/IEC 2016 - All rights reserved 3
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[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.53]

3.1.15
validation action

action

that describes what is to be validated (the element as reference), on which item the action is

performed, the expected result from the performance of the action, the validation technique to apply
and at which level of decomposition of the system-of-interest (3.1.12)

3.1.16

verifi
confir
fulfillg

[SOUR

3.1.17
verifi
action
perfor
and at

3.2

IES
NDI
SEI

Sol

4 C

4.1

Fation
mation, through the provision of objective evidence, that specified requirements have been
d

CE: ISO/IEC/IEEE 15288:2015, 4.1.54]

cation action

that describes what is to be verified (the element as reference), on which“item the action is
med, the expected result from the performance of the action, the verification'technique to apply
which level of decomposition of the system-of-interest (3.1.12)

Abbreviatied terms

Integration Enabling System
Non-Developmental Item
Software Engineering Institute

System-of-Interest

pnformance

Intended usage

This document provides requirements and guidance for the execution of ISO/IEC/IEEE 15288 processes

and a
conte
from

4.2

This d
proce
and/o

‘tivities that deal with integration engineering. This document also provides definition of the
t and recommendatiors for the format of the information items or documentation that result
he implementation of the related processes.

Conformance-to’processes

ocument provides requirements and recommendations for a number of integration engineering
ses and.related activities suitable for usage during the life cycle of a system (made of products
I services).

The rd

quirements and recommendations for processes in this document are contained in Clause 6.

4.3 Conformance to information item content

This document provides requirements and recommendations for a number of integration engineering
information items to be produced during the life cycle of a system (made of products and/or services).

© ISO/IEC 2016 - All rights reserved



https://standardsiso.com/api/?name=2228c40a6256a56d0dc1fecc1c944764

ISO/IEC TS 24748-6:2016(E)

The requirements and recommendations for information items in this document are contained in
Clause 7.

NOTE In this document, for simplicity of reference, each information item is described as if it were published
as a separate document. However, information items are considered as conforming if they are unpublished, but
available in a repository for reference, divided into separate documents or volumes or combined with other
information items into one document. It is not required to treat every topic in this document in the same order,
using the same wording as its title or with the same level of detail. This will depend on the nature of the system,
implementation methods, life cycle model and scope of the project; for example, test and Integration plan, a

4 3 3 Lol i 1k e 1 ' 3
S Y S TCTIT CIT g TITCCT T TITATTA S TTITCTTC PTAaTT CUTTITATIITITE TITCCE T atTOTT PTalT TITITUT TITATTOTT:

4.4 Full conformance
A claim of full conformance to this document is equivalent to claiming conformance

— to the provisions contained in 6.2 and 6.3, and

— to the information items cited in Clause 7.
4.5 Tailored conformance

4.5.1 Processes

This document does not make provision for tailoring progesses. ISO/IEC/IEEE 15288:2015, Arjnex A
provides normative direction regarding the tailoring of system life cycle process.

4.5.2 Information items

Information items described in this documentrdre requirements and recommendations that ¢an be
adapted depending on the type of system, implementation methods, life cycle model and scope|of the
project.

5 Concepts and principles

5.1 General
This clause presents con€epts and principles that apply to integration engineering and to the inforrpation
items generated at all levels of the system-of-interest during the execution of the concerned progesses.

They also apply to.the processes used in the integration itself and to management of the integration of
a system.

5.2 Integration fundamentals

5.2.15Terms and approaches

5:2.1.1 Fundamental concept behind the term “integration”

As stated in 3.1.5, the term “integration” is defined as activities of combining several implemented
system elements and activating the interfaces to form a realized system (product or service) that
enables interoperation between the system elements and with other systems to satisfy system
requirements, architecture characteristics and design properties. The execution of these activities
provides something integrated that becomes a whole. Integration of the system involves its functions.

EXAMPLES

— The engine is integrated with chassis and suspension to form the vehicle.

© ISO/IEC 2016 - All rights reserved 5
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— Integrated repository: a repository for storing all information pertinent to the System Engineering Plan
(SEP) to include all data, schema, models, tools, technical management decisions, process analysis information,
requirement changes, process and product metrics and trade-offs (IEEE 1220-2005, 3.1.18).

— Integrated team: group of people with complementary skills and expertise who are committed to delivering
specified work products in timely collaboration (ISO/IEC/IEEE 24765).

— Integrated circuit: a small piece of semiconductive material that contains interconnected electronic elements
(ISO/IEC 2382)

The opposite of the verb “to integrate” is “to segregate” which means to take apart (synonyms:
disasgemble, separate).

To malke the link with the term “system”, it is notable that a system deals with a whole, without 1sing
explicjtly the term whole in its ISO/IEC/IEEE 15288 definition (combination of interacting-elements
organjzed to achieve one or more stated purposes; see 3.1.10).

5.2.1.2 Integration engineering approach

The c@ncept of wholeness is key to integration engineering. Holistically, a systemm js more than the sum
of its parts. So too, integration is more than mere assembly.

Integration engineering encompasses all activities throughout the life cycle-of a system-of-interest that
are linked to the integration of the implemented system elements to form the system-of-interest. This
includges the following:

— the definition, preparation and performance of the assemb}y-of the implemented system elements
tq form aggregates until obtaining the defined system-ofsinterest;

— the definition and performance of actions applied te aggregates in order to check the assembly
focusing in particular on interfaces;

— the definition and performance of verification@nd validation actions applied to aggregates in order
td check conformance of the assembly to thésystem requirements, architecture and design;

— the integration of the formed system into its context of use (environmental context); integration is
rgcursive and so applies to the integration of the system-of-interest into the next level of the system
stiructure.

It also|includes the activities of other technical processes that influence and/or constrain, guide, serve
and enjable these previous activijties.

It alsq includes the integration of the system-of-interest with interoperating systems and enabling
systems. It is related to-the engineering of enabling systems (set of enabling products and/or services)
that sipport the intégpation of the system-of-interest (see 5.3.2).

The nmanagement( of all these activities is part of the overall project management of the system-of-
interept.

NOTE The system-of-interest can be composed of layers of system elements. A system element can be
considered as a system or as a nnn-dpr‘nmpncnhlp element The system-of-interest is the highpcf abstraction in

the decomposition into levels of systems.

While the system-of-interest is the highest level of abstraction in the decomposition of a particular
system structure, systems can be abstracted up with respect to their interactions as part of one or
more systems-of-systems. This perspective is necessary to aid the integration of the system-of-interest
with the interoperating systems and enabling systems of its environment.

A system element is a discrete part of a system that can be implemented to fulfil specified requirements
(for example, hardware, software, data, humans, processes, procedures, facilities, materials or any
combination thereof).

6 © ISO/IEC 2016 - All rights reserved
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5.2.1.3 Integration versus mass production

System integration is a part of the effort related to the realization of prototypes or one-shot-systems. The
integration activity is different from the mounting of end products on a production or manufacturing line.

For mass/series production, an assembly line does not necessarily use the same assembly order of
implemented system elements as it is done for prototypes within the integration process. Integration of
prototypes composes systems, through aggregates (see 5.2.2.1), in order to verify and possibly validate
those aggregates and their interfaces, almost separately (see 5.2.4).

Mass/series production is not interested in systems, but rather in sets of components (implenlented
system elements) to optimize the time and production effort. Nevertheless, the integration of a
prototype often provides pertinent lessons to engineer a production line that repeats the prototype, in
particular, about the order of assembly of the implemented system elements.

5.2.2 Notions of aggregate and of interface

5.2.2.1 Aggregate

The integration of a system is based on the notion of “aggregate”. An aggregadte is an assembled set of fwo or
several implemented system elements and their interfaces as they are defined in the system architpcture
and design. An aggregate has a functional consistency that allows.the performance of verification gctions
and possibly validation actions. Each aggregate is characterized by a configuration that specifies the
implemented system elements that are physically assembled/and their configuration status.

NOTE An aggregate, in the context of integration, does not necessarily represent a system as defined in the
physical view of architecture or in the hierarchy decomposition of the system-of-interest. For the purpose of
efficient integration and validation of the system, different sets of aggregates may be temporarily congidered
depending on the integration techniques or methods (see 5.2.6.1) that have been selected to define the
integration, verification and validation strategies (see 5.2.9). The validation strategy is of concern becatise the
validation of the implementation of certain requitrements is not possible using the complete system due| to, for
example, security, physical or economical constraints. This is addressed by forming temporary aggregptes in
order to exercise the concerned requirements.

5.2.2.2 Interface

An “interface” is a concept,«n the sense that any system element that binds two system elements may
be considered to be an intetface from an architectural perspective. An interface generally includes two
aspects:

— alogical aspegt,-i<e. the input-output flow and the function that carries it;
— aphysicataspect, i.e. the physical link, made of technology, that transports the input-output flow.

A logical interface consists of an input flow, an output flow or a bi-directional flow (transactional flow)
between two functions of the system so that they may exchange material, energy and/or information.

A-physical interface is a physical link or port that binds two system elements within the systpm-of-
iberest or one system element of the system-of-interest with an element external to the systpm-of-

interest. A physical interface may be considered a system element.

The definition of interfaces is an intrinsic part of the system architecture and design definition and is
critical to the success of integration. Interfaces are common failure points in complex systems. They
are the points where independent systems or system elements (not necessarily made of the same
technology) meet and communicate with each other. This is the reason why architecture and design
definition activities and decisions have to consider how the integration (assembly of system elements
and verification of the assembly) will be performed.

© ISO/IEC 2016 - All rights reserved 7
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5.2.3

Integration based on architecture and design

5.2.3.1 Integration versus architecture

The term “system integration” is used to describe the activities related to assembling the implemented
system elements of a system to obtain the corresponding final product or service.

The integration of a system pre-supposes that architecture and design activities have been performed

upstr

am defining these system elements and their interfaces. They may pre-exist, be re-used or may

be spe

Based
with {1
syster

cifically developed.

on stakeholder and system requirements, the definition of the architecture of the systemdeals
he structure and composition of the system elements and of their interfaces. The design of
h elements deals with the detailed description of characteristics and enablers of thethecessary

technglogies for their implementation and interfacing.
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5.2.3.

Somet
integr

ility, interoperability, availability, portability, etc. are stakeholder concerns that’are addressed
y architecture definition to equip the architecture with related architectural’characteristics such
Hularity, standardized interfaces, encapsulation, etc.

e integration activities first consist of defining the order of assembling the system elements to
tent that the order is relevant and the verification actions based,en architecture and design
'teristics; then, performing the assembly of the implemented¢system elements and executing
rification and/or validation actions. However, note that particularly in software, it is common to
p, expand or refactor software units without defining their-tder of integration into the software
ct. The order of assembling the system elements may be flexible. Even for hardware items,
ent subassemblies (aggregates) can be integrated in various sequences, though there may be a
1 path for supply and production of system elements,This critical path consideration for supply
roduction often identifies integration constraints<that influence requirements, architecture or
, including interfaces. These identified constraints are incorporated in the system requirements,
bcture or design.

theless, as indicated in 5.2.2.2, architecture and design definition activities and decisions have
sider how the integration (assembly.of System elements and verification of the assembly) will be
med.

case, the integration of implemented system elements is based on the architecture and design
fion, whatever the life cycleSseenario.

P Integration scenarios

imes, the termc“integration” is interpreted based on a restrictive definition consisting of
ating existing elements. This may be the case, for example, when dealing with industrial practices

that consist of using existing products or NDI (non developmental items; that have not necessarily been

initial

Three
defini

y defined to0 run with others) to be incorporated into a given system at a particular life cycle stage.

example cases are given below that demonstrate the importance of the system architecture
fion, beyond considerations of physical integration.

— Planned integration. This is the classic approach used in the development stage of a system in
which the system elements are defined up front to be physically integrated. Those system elements
have been defined, or identified as NDI during architecture definition, to perform functions that
are allocated to them to satisfy system requirements. These system elements may be developed
specifically for the system-of-interest. They may be existing and re-used as is or they may be

m
is

odified. They may also be NDI evolved by external parties. The selection of the system elements
an architectural and development management decision. Planned integration may be achieved at

design and build-time and may also be achieved through self-configuration during operation.

— Evolutionary integration (evolution/extension/adaptation). This is the approach used when
an existing in-service system (i.e. in its utilisation stage) needs to interoperate with another

© ISO/IEC 2016 - All rights reserved
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one, existing or not. The integration cannot occur without performing upstream definition
tasks because this case may be considered as a request that includes specific requirements. In
particular, some architecture and evaluation studies are performed including interoperability
analysis (compatibility of protocols, interfacing capability), integratability analysis (feasibility of
the functional exchanges and of the physical connection) and verification and validation feasibility.

These analyses are necessary inputs to the architecture definition/modification in order to

either

do nothing, modify the interfacing system elements or add new system elements. Nevertheless, to

perform these analyses, it is assumed that the engineering information items (documentation) of
the concerned systems or system elements exist Qtherwise a reverse engineering step has to be

performed to characterize the interfacing systems or system elements.

— Capability extension integrating existing system elements or NDI. This case ofterf ¢orreg
to a decision to develop a new capability of an in-service system (i.e. in its utilisation
incorporating an existing system element or an NDI. This case is generally highly{constraing
fast, low effort and low cost implementation with a limited set of available gptions. As well
system elements can be significantly complex. This case can be considered@s’an extension r
that includes specific requirements. Architecture and evaluation studies need to be perf
upstream taking into account these requirements. This would include, in particular, inteq
feasibility, interoperability analysis, integratability analysis (feasibility of the functional exch
and of the physical connection) and verification and validation feasibility. An architecture
on a kind of “plug-in” technology principle, a strong modulatity property or a service-or
architecture may be able to partially or totally address, this’ situation. With such architg
characteristics, the integration is facilitated, although thissmay not be immediately apparent]

ponds
stage)
d by a
these
bquest
brmed
facing
anges
based
jiented
ctural

NOTE1 Adoption of NDI is driven by the time-to-market c¢onstraints and the higher level of technology

readiness of the NDI products. The use of NDI constrains_the architecture of a system. Architecture de
about NDI have a significant impact on integration. Deciding early on in the system development to use N
“built-in house” solution aids identification of the appropriate interface and performance of adequate verif]
and validation actions.

NOTE 2 A system-of-interest is not necessarily'static in its environment. The environment, or context
can change over time, so the system-of-interesthas to adapt to new operating conditions by adding or mo
capabilities. Any type of system is considered in this document, including evolving systems having dynam
configuration capability (refer to ISO 15704[16], ISO/IEC/IEEE 15288 and ISO/IEC/TS 24748-1[Z) explairn
system may evolve over time and that every life cycle process can be applied at any time during the syst]
cycle. This is the case, in particular; with the integration process and related processes.

5.2.4 Integration by layers of systems

The definition of a system (left side of Figure 1) is performed on successive layers of abstractior]
layer corresponds-te.a physical architecture of systems and non-decomposable system element
integration (rightside of Figure 1) consists in following the opposite way of composition layer by

On a givendlayer, integration of implemented system elements is generally done on the basis
physical architecture as defined during the system definition. The logical architecture is also u|
the basis/on which to select the system elements to be integrated that together perform a func
the system.

cisions
DI vs. a
ication

of use,
Hifying
ic self-
that a
em life

; each
s. The
layer.

of the
sed as
[ion of

The goal is to progressively validate the system-of-interest per specified system layer, by fgrming

aggregates (see 5.2.2.1), such that certain critical system elements or specific characteristics requiring
to be integrated are verified and validated early. In that case, the integration method called “criterion
driven integration” or any other integration method may be used (see 5.2.6.1). Mixing these two ways
(per layer using integration methods) makes the global integration and validation of a system-of

interest efficient, not to say optimized.
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Figure 1 — Integration by layer of systems
NOTE Many integrated systems are systems-of-systemis,”and the integration starts with combination of

existing validated (possibly NDI) systems. In this case, the system-of-systems is the system-of-interest, and each
existinlg system is a system element within the systemrof:interest.

5.2.5 | Environmental context

Integration engineering also includes-the integration of the system-of-interest in its environmental
context which may include physical, organizational, social and legal environmental conditions. When
the system-of-interest has been formed and functionally verified, it has to be integrated with the
operational environment and transitioned into use.

The cantext of use (operatiohal environment) can be seen as an upper level system in which the system-
of-intgrest is nothing more)than a system element. This incorporation follows the same approach as an
integrption step that censists of connecting the implemented system elements of the system-of-interest
to the| elements ofthe context and checking that the system-of-interest can operate under specified
conditions.

The physicalrorganizational, social and legal environmental conditions, in which the system-of-interest
is intgndedto be used, are identified and described as applicable Stakeholder Requirements and the
impact ‘efithese is derived to the corresponding applicable System Requirements. These requirements

are then taken into account as constraints and/or factors during architecture and design definition
to endow the system-of-interest with architectural and/or design properties/characteristics. These
properties/characteristics can have a significant effect on the effectiveness of the system-of-interest’s
mission. For example, the properties/characteristics may include thermal conditions, lighting, noise,
spatial layout; the organizational and social aspects of the environment may include factors such as
work practices, organizational structure and attitudes; safety aspects may include factors such as
hazards to life and property; security aspects may include factors such as data integrity assurance and
vulnerability to threats.

NOTE Elements for the context of use description are provided in ISO/IEC 25063, which focuses mainly on
the usability of an interactive system (including human operators or human users).
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Examples of systems or products and their environmental conditions of use:

— equipment for use in a cold store is designed to take into account the need for the workers to wear

insulated protective gloves;

— aticket machine, which is to be installed for use in an outdoor car park, is designed to accommodate
the range of varying environmental conditions in which it will be used (e.g. darkness to bright

sunlight).

b S P 1. PR : PR - e - 1 £, 1. I1Co oo 4 100
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for workplaces and in ISO 24500 for elderly and disabled persons.

These last considerations are more part of Operational Concept and System Requirements 3
subject to validation activity. They could be seen as constraints to define and perform.some integ
activities (assembly and/or verification).

5.2.6 Integration strategy

15265

nd so
ration

The integration strategy defines which activities have to be performed whete, when and how thley are

performed and who will perform them. Until obtaining the complete integrated system that cor
its architecture and design characteristics, the integration activities.niclude

— the reception of each implemented system element,

— theintegration (assembly through physical interfaces) of the implemented system elements t
aggregates, and

— the logical integration of aggregates (verificatian of logical interfaces between system ele
through functional, behavioural, temporal and other characteristics as defined in the s
architecture description).

Before any execution of integration activiti€s, an integration strategy has to be defined. The def
of the integration strategy is based on\the architecture of the system and relies on the w

forms

b form

ments
ystem

nition
y the

defines the configuration of expected aggregates, the order of assembly of these aggregates
adequate integration techniques‘or-methods; see 5.2.6.1) in order to carry out efficient verificati
validation actions (for example;inspection and/or testing). The integration strategy is thus elab

architecture of the system has been.defined. The strategy is described in an Integration Pla[n that

(using
n and
brated

in coordination with the vetification and validation strategies and the selected integration technique(s)

or method(s).

Based on project objectives, such as delivery time, project cost, system security and/or safe
integration stratégy is defined taking into account criteria such as deadlines, integration cos

'y, the
, risk,

availability of ®esources and skills. The integration strategy should be as flexible as possible, for

example, inthe case of large systems, the strategy is revised when an initial operation capab
required by stakeholders so that to reduce delays from needs to delivery before the final op¢g
capability is available.

5:2.6.1 Integration techniques or methods

lity is
ration

Some integration techniques or methods are summarized in Table 1.
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Table 1 — Integration techniques and methods

Integration
technique/method

Brief description

Global integration

Principle: Also known as “big-bang integration”; all the delivered implemented system
elements are assembled in only one step; after each implemented system element has
been verified individually, the system elements are integrated concurrently.

Advantage: No need for drivers/launchersa or stubsb to simulate absent system
clements for verification purposes.

Disadvantage: Interface errors are detected late; it may be difficult to detect, diagnaosé
and locate remaining errors/faults/defects/flaws in the global system; expensive and
inefficient to fix any issues.

Application: Should be reserved for simple systems, with few interactions and few
system elements, where technological risk is low.

Integifation “with
the stfeam”

Principle: The delivered implemented system elements are assembledyas‘they become
available, after each implemented system element has been verifiedindividually.

Advantage: Allows for quick start of the integration.

Disadvantage: Necessitates a lot of drivers/launchersa or stubsb to simulate absent
system elements; not efficient with respect to technical, means and cost aspects
because it requires modification of the integration plarrevery time a system element is
integrated.

Application: Should be reserved for well-known and controlled systems without
technological risk.

Incrernental
integration

Principle: In a predefined order, one or a very few implemented system elements are
added to an already integrated incrementof system elements.

Advantage: Allows for early detectiomof interfaces errors, and facilitates locating
remaining errors/faults/defects/flaws in the new increment.

Disadvantage: Necessitates.accertain number of drivers/launchers? or stubsb to
simulate absent system elements.

Application: Applies to any type of system architecture.

@System Element O stub or driver :> transition

a  External dynamic component or simulator thatactivates the execution of functions ofan aggregate of system elements.

b External static component or simulator that replaces missing system elements in an aggregate, providing
predetermined results to enable the execution of functions of the aggregate.

12
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Table 1 (continued)
Integration . -
technique/method Brief description

Subsets integration Principle: Implemented system elements are assembled by subsets (a subset is an
(aggregates) aggregate), and then subsets are assembled together.

Advantage: Parallel integration of aggregates or (sub) systems is possible; delivery of

partial products or services is possible.

Constraint: Necessitates a sysStem archnitecture defined with (Subjsystems, bettey

suited to (sub)system with less complex interfaces.

Application: Applies to system architectures composed of (sub)systems; applies jvell

to products with functional or transactional chains.

(6) A
oQh:
—
© @ «
@System Element (Ostub or dri > transition
<

a  External dynamic component or simulator that activates the ekecdtion of functions of an aggregate of system elgments.
b External static component or simulator that replaces\Nmissing system elements in an aggregate, prqviding
predetermined results to enable the execution of functions of'the aggregate.
© ISO/IEC 2016 - All rights reserved 13
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Table 1 (continued)

Integration

technique/method Brief description
Top-down Principle: Starts with system elements related to the overarching framework of the
integration system-of-interest (generally close to mission or users’ vision and

operations/commands, when there are users and operators in the system-of-interest);
continues with system elements performing core or detailed functions/
transformations of the system; ends with system elements performing more detailed

fUTNCTIONS OT CIOSE T0 acquisSITion (fTOM SEensors) and distribution or physicat
commands (onto actuators).

Advantage: Early availability of a skeleton of the system that allows detecting and
easily locating remaining errors/faults/defects/flaws; test cases for verificatiofy
actions are close to reality; does not need many drivers.

Disadvantage: A lot of stubsb to create; difficult to check efficiently and eéxhaustively
at the lowest level system elements and interfaces with test cases fromythe
operators’/users’ level.

Application: Mainly used in intensive software systems, or in systems with human
operators or users that pilot or interface with command-control{sub) systems.

NOTE A particular implementation of this method is the fonion ring approach” The
integration starts from a kernel of the system or a backborie layer; then this kernel is
used as a live stub or driver to integrate other system elements. The kernel may include
one or several functionalities shared by a number ¢fsystem elements.

RN\
a Ejternal dynamic component or simulator that activates the execution of functions of an aggregate of system elements.

b External static component or simulator that replaces missing system elements in an aggregate, providing
predetermined results to enable the execution of functions of the aggregate.

14 © ISO/IEC 2016 - All rights reserved


https://standardsiso.com/api/?name=2228c40a6256a56d0dc1fecc1c944764

ISO/IEC TS 24748-6:2016(E)

Table 1 (continued)

Integration
technique/method

Brief description

Bottom-up
integration

Principle: Starts with system elements performing very detailed functions or dealing

with acquisition (from sensors) and distribution or physical commands (onto
actuators); continues with system elements performing detailed or core
functions/transformations of the system; ends with system elements related to
overarching framework of the system-of-interest (i.e., close to mission or interfac

ing

operators/users commands).

Advantage: No or few stubsb to create; early detection of implementation
errors/faults/defects/flaws; test cases to check interfaces and functions ane-easy|
define.

Disadvantage: Lower level system elements are solicited a lot by higher level tes
cases; absent system elements from the upper levels are replaced by drivers/
launchersa to be created.

Application: This is physically the only way to integrate hardware; also applies t
software intensive systems.

A‘\Q) System Element () stub or driver C__,> transition

7N o

|=)

Criterion driven inte-
gration

Principle: Thelmost critical implemented system elements with respect to the se
criterion are.ntegrated first. Criteria come from system requirements and are
generally\related to technical risks; they address dependability, security,

complexity, performances or effectiveness, usability, technological innovation, etg.

The.aggregates are defined around system elements that present technical risks.

Advantage: Allows early and intensive testing of critical system elements; early
of design choices.

Disadvantage: Drivers/launchersa and stubsb often difficult to define and realiz¢.

Application: Applies to any system architecture that includes critical system elefnents.

ected

heck

h

a  Externakdynamic component or simulator that activates the execution of functions of an aggregate of system ele

b Extermal static component or simulator that replaces missing system elements in an aggregate, pr
predetermined results to enable the execution of functions of the aggregate.

ments.

viding

The selection of integration techniques or methods depends on several factors, including the t

pe of

system elements, their criticality, the delivery time, the order of delivery, technical risks, constraints,
the verification strategy, the validation strategy, the type of project and organization, etc. Each
integration technique or method has strengths and weaknesses that should be considered when
defining the integration strategy.

© ISO/IEC 2016 - All rights reserved
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Usually, a mix of integration techniques or methods is selected as a trade-off between the different
techniques or methods listed above, in order to optimize work and to adapt the process to the system
under development.

NOTE The integration activity is not a phase of the project fixed in time. Integration activity can also
be performed dynamically during operation through self-configuration arrangements of the system-of-
interest architecture. Top-down integration method can be used in this case; the presence of stubs enables to
progressively build a system driven by, for example, availability, scalability and adaptability requirements.

5.2.6.2 Interface analysis

To make more efficient the integration strategy, the order to integrate the system elements can beydone
stepwijise through interfaces analysis. Coupling matrix (or N square representation) is a typicakuSeful
interface analysis method.

Coupling matrix purpose:

N2 diggrams are used during definition to identify and define logical interfaces beétween functions.
They hormally concern functions, but can be used with system elements. They are tools commonly
used By integrators for defining the order to integrate system elements andsyerify the interfaces. N2
diagrgms and coupling matrices are equivalent representations.

Coupling matrices allow the definition of the aggregates of system elements and the verification of the
interartions between system elements. When performing verification,-they also facilitate the location
of potential errors that remain in the system.

Coupling matrix description and example:

A coupling matrix presents the system elements on the diagonal of a square. Other surrounding cells
of the| table identify the presence or not of an interface between system elements; the upper right
cornef contains the interface direction from Ex to Ey, while the lower left corner contains the interface
directfion from Ey to Ex. An interface cell may simply indicate the fact that an interface exists or may
contain the number of different interactions or-interfaces binding the system elements. Figure 2 only
indicall:es the presence (or not) of an interface.\lnputs are identified by an “x” in the appropriate column,
either|above or below the item. For example, the inputs to E3 flow from E1, E2 and E6. Outputs are

identified by an “x” in the appropriate row;, either to the left or to the right of the item. For example, the
outputs from E3 flow to E1 and E6. A blank indicates no interface between the elements.

Figurg 2 presents two possibilities‘for the definition of aggregates. The arrangement Structure A on the
left sigle has three aggregates ST, S2 and S3. These aggregates have many interfaces and interactions
between them that necessitate defining at least 16 verification actions. In case of anomalies in the
globalffunctioning, it is difficult to locate the errors.

The afrangement Structure B on the right side has three aggregates P1, P2, P3. These aggregates
each have only two interactions that conduct to two verification actions. The total number is six:
two between R1)and P2, two between P2 and P3 and two between P1 and P3. In case of anomaly, the
errorg are edsy'to locate. Structure B increases the cohesiveness within the aggregates and reduces the
couplirg Between them.
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Figure 2 — Usage of coupling matrix to define aggregates of system elements

5.2.6.3 Virtual integration, simulation, mock-ups

ments,

As soon as the system elements design and the system architécture are defined, virtual environ
modelling activities, mock-ups or any other convenient-tgols can be used to model or simul

e the

assembly of the designed system elements. These activities provide an early check on the feaqibility
of the assembly, the definition of necessary checkpoiiits'and an opportunity to simulate the intdrfaces

operation/connection.

Performed before the integration, this technhique avoids discovering integration mistakes

development and to more easily mitigate risks. The result of this activity may lead to incorp
arrangements in the architecture and/or“modifying the design of system elements and/oy
interfaces.

5.2.7 Verification principles related to integration engineering

te in
rating
their

As indicated in 5.2.1.2, integration engineering includes the definition and performance of verification

actions (e.g. inspectionsytests) applied onto the aggregates in order to check the conformance
assembly to the systemi requirements, architecture and design, focusing in particular on interfac

of the
bS.

Integration activity,is not limited to assembling implemented system elements. When an implenjented

system element is assembled with another, the interfaces are checked more or less simultang

ously.

Several verification actions are often necessarily performed before assembling or connecting the

implementedsystem elements, otherwise accidents may happen. For example:
— inspection of dimensions of the physical faces of each system element to be connected,

— “checking the voltage that is required between the delivered and used power,

— checking the position and/or polarity of pins,

— checking the compatibility of interface protocol in the software domain, and

— inspection of software code to check that interfaces are implemented identically in interfacing

system elements.
So, the assembly activity is intimately linked to the verification process.

The verification process is quite extensively used by the system integration activities.

© ISO/IEC 2016 - All rights reserved
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The purpose of verification is to detect the maximum of number of errors/faults/defects/flaws that the
developed system may include before delivery. Because of the number of items to verify, time and cost
could exceed expectations, so a verification strategy has to be established.

A verification strategy is based on the balance between what should be checked (architecture and
design characteristics, system requirements) using relevant verification techniques (e.g. inspection,
test), and what can be checked taking into account all constraints or limits (technical feasibility,
cost, time, availability of verification means and qualified personnel, contractual constraints, etc.).
The difference between what should be checked and what can be checked for the complete “end-to-

end” dystem-of-interest reflects potential risks. The selection of verification actions should be made
according to acceptable risks if verification actions were dropped out.

5.2.8 | Validation principles related to integration engineering

As sajd in 5.2.2.1, the validation of the implementation of certain stakeholder afnd/or system
requifements is not possible using the complete system due, for example, to securityysafety, physical,
economical constraints. This is addressed by forming temporary aggregates in order to exercise the
concerned requirements.

The validation process is quite extensively used by the system integration:activities. The purpose of
Valid}ion is to obtain the maximum confidence in the use of the system(before its final delivery (i.e.

transfer of property from supplier to acquirer). Because of the numbérof requirements to validate,
time and cost could exceed expectations, so a validation strategy has to be established.

A valldation strategy is based on the balance between what“should be checked (stakeholder
requiements) using relevant validation techniques (e.g. demonstration, test) and what can be checked
taking into account all constraints or limits (technical feasibility, cost, time, availability of validation
meang and qualified personnel, contractual constraints, €tc.). The difference between what should be
checked and what can be checked for the complete “end<to-end” system-of-interest reflects potential
risks. [The selection of validation actions should be\nrade according to acceptable risks if validation
actionjs were dropped out.

NOTE Concerning the integration of the system-of-interest in its environmental context or context of use,
attribytes to be validated include in particulaxr(thé “end-to-end” performance, the usability, the interoperability
with the other systems (existing or not)<ahd the physical environment resistance thresholds (mechanical,
climatic, chemical, bacteriological, electrio-magnetic, etc.; (see ISO 9241-11). Operational scenarios, as defined
during the concept definition activities' early in the development stage, are used in particular to validate the
operatjonal concept on which the syStem-of-interest lies.

5.2.9 | Efficiency of the integration strategy

The efficiency of the intégration strategy involves minimizing workload, time and risk to obtain a
complete integrated{syStem operating in its context of use. It consists of the following:

— d¢fining the \appropriate order for assembling the implemented system elements using defined
prrocedures;

— n:llnimizing verification actions to check the physical interfaces before and during the assembly or
cannection of implemented system elements within an aggregate;

— minimizing verification actions to check the logical interfaces after the assembly or connection of
implemented system elements, as well as the functionalities of the corresponding aggregate;

— minimizing validation actions to check certain system functionalities and requirements within the
corresponding aggregates.

So, the efficiency of the integration activity of the system is obtained by considering or defining the
strategies for integration, verification and validation together.

The efficiency of the verification strategy consists of defining and performing the minimum of required
verification actions while obtaining the maximum of confidence that the system will work as intended
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once integration is complete. The strategy definition includes studies of risks potentially generated if
verification actions are dropped out.

The efficiency of the validation strategy consists of defining and performing the minimum of validation
actions while obtaining the maximum of confidence in the use of the system. The strategy definition
includes studies of risks potentially generated if validation actions are dropped out.

5.3 Practical considerations

5.3.1 Iteration and recursion of processes

Two forms of process application, iterative and recursive, are essential and useful for applying the
processes defined in this document. Iteration and recursion notions of life cycle processes-are explained
in detail in ISO/IEC/TS 24748-1 and ISO/IEC/TR 24748-2.

5.3.1.1 Iterative 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.

The System integration process is used iteratively starting from-a\first aggregate of system elgments
until the completion of the system-of-interest; the last iteration ofthe process execution results|in the
entirely integrated system-of-interest.

The Verification process is called by the System integration/process to perform the planned verification
procedures related to the physical integration iteration.

The Validation process is used iteratively performing the planned validation procedures related tpo a set
of validation actions.

5.3.1.2 Recursive application of processes

When the same set of processes or the:same set of process activities are applied to successive leyels of
system elements within the systenr structure, the application method is referred to as recursive.

The System integration process-is used by any system at any level of the decomposition of the system-
of-interest.

5.3.2 Integration Enabling System

The integration“engineering activities and the associated means can be viewed as an enjabling
system that enables or supports the system-of-interest to be integrated (see Note 1 and Note 2). This
Integration_Enabling System is a self-sufficient system in which its life cycle activities interacft with
those for.efigineering the system-of-interest to enable successful integration of the system-of-inferest,
as showyin Figure 3.

NOTE1 The notion of “enabling system” is defined in ISO/IEC/IEEE 15288 and can apply in the ¢ase of
1htegration. The Integration Enabling System has its own life cycle composed of generic stages and uges the

generic system life cycle processes of ISO/IEC/IEEE 15288, but instantiated for each system-of-interest to be
integrated.

NOTE 2  Other independent enabling systems can exist for validation and delivery purposes or combined with
the Integration Enabling System.

The purpose of the Integration Enabling System is to provide a framework that serves to prepare and
execute the integration of any system-of-interest. It can be viewed as a facility including the necessary
services and the means and tools for integration.
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In its relationships with a system-of-interest, the role of the Integration Enabling System is to identify,
realize or obtain, then operate and maintain all the necessary resources, means and tools for integrating

a part

icular system-of-interest.

The benefit of such an organization (i.e. separation between the system-of-interest and the Integration
Enabling System) resides in the time saving achieved through parallelism of tasks under two different
projects. It is known that the development of the Integration Enabling System may take a long time,

somet

imes longer than the system-of-interest development itself.
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egration kEnabling System may be implemented by an external company or as a separated project
the system-of-interest development. For a particular system-of-interest, a generic Integration
ng System shall be instantiated to take into account the particularities of this system-of-interest.

3 represents some life cycle processes, as they may be instantiated and used concurrently for the
n-of-interest and the Integration Enabling System, showing their main exchanges and how they fit
er. In Figure 3, the arrows between the processes (boxes) represent some exchahged input and
F flows. They do not represent the sequence of execution; iterations are not represented.
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The technical life cycle processes applied and instantiated to the Integration Enabling System that are
mentioned in Figure 3 are listed below.

The Business or mission analysis process for the Integration Enabling System includes, in particular,
the preliminary study of integration alternative strategies with respect to inputs from operational
concept and operational scenarios of the system-of-interest. This study consists of the following:

— analysing the operational concept and scenarios of the system-of-interest in order to identify
and imagine the necessary integration concepts, principles and means to set up;

— performing feasibility, effectiveness, cost and risk analyses concerning the integration|of the
system-of-interest.

The Stakeholder needs and requirements definition process for the Integration. .Endbling System
includes, in particular, the identification of stakeholders of the integration{\of the systpm-of-
interest, their expectations and constraints and the definition of high-level ‘objectives in |terms
of effectiveness, delivery time and cost. The resulting Stakeholder Requirements for integration
means (tools, simulators, integration procedures, verification procedures) etc.), services andl their
utilization are deduced from the integration strategy of the system-of-interest.

The System requirements definition process for the IntegrationvEnabling System includps the
definition of the requirements applicable to the integration means (tools, simulators, integration
procedures, verification procedures, etc.), services and theirutilization, the refinement of objqctives
(to define effectiveness requirements) and refinement of ggnstraints (to define delivery timipg and
cost limits).

The Architecture definition process for Integration*Enabling System includes, in particular:

— the participation in the refinement of the inteégration strategy (concerning mainly the relgvance
of aggregates definition, verification actions and applicable techniques or methods);

verification tasks should be executed and synchronized: scheduling of delivery and assembly
of the system elements of the System-of-interest, planning of the execution of the verification
actions);

— the development of a logical view,of the Integration Enabling System (i.e. how assemlzl{cy and

— the projection/allocation’of the logical view onto a physical view including adequate means
(tools, simulators,«integration procedures, verification procedures, etc.), resources (skills,
personnel, etc.);

— the initiation ofacquisition/development of these various means through the definition df their
respective requirements.

The Design—-definition process and the Implementation process for the Integration Enabling
System(Jiticlude the design characteristics definition and realization (either development,
reuseymanufacturing or NDI buying) of every means (tools, simulators, integration procedures,
verification procedures, etc.), as well as training of human resources providing suitably quplified
and experienced operators executing the integration procedures, verification procedures, etg.

of every means (tools, simulators, 1ntegrat10n procedures Verlflcatlon procedures etc) their
assembly or connection and verification of their interfaces and functionalities.

The Validation process for the Integration Enabling System includes the validation of these means
(tools, simulators, integration procedures, verification procedures, etc.) together as a set ready for
operation.

The Operation process for the Integration Enabling System is nothing else than the execution of
the integration of the system elements of the system-of-interest using the means (tools, simulators,
integration procedures, verification procedures, etc.) defined, implemented, integrated and validated
previously. As the whole validation is meant to be done on the system-of-interest, validation may
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be an initial part of operation and sometimes, cannot be carried out on its own. Then, the final
validation of the enabling system can be provided only thanks to the usage of the system-of-interest
as an interface.

6 Processes

6.1 Integration engineering activities

From |a process perspective, integration engineering, in particular, includes the activities of the
Integration process (see 6.2), the activities of the processes it calls (Verification process and Validation
process) and the activities of the other life cycle processes having relationships with integration.
Activities of technical processes related to integration engineering are described in 6.3, in pafficular,
the Verification process and the Validation process.

Guidellines for Processes:

The Integration process is described below on the basis of the process as déescribed in ISO/IEC/
IEEE 15288 with extended details.

In thi§ document, the related processes are elaborated upon, in order to provide the user of the present

docunpent with additional planning and implementation guidance. TheZeriginal ISO/IEC/IEEE 15288
tasks relevant to this document are highlighted in a box to show the reader the original text.

6.2 [ntegration Process

In casg of a full conformance claim to this document, all provisions of 6.2 shall be applied.

6.2.1 | Purpose

As stated in ISO/IEC/IEEE 15288:2015, 6.4.8.1:

The purpose of the Integration process is to,synthesize a set of system elements into a realized
system (product or service) that satisfies system requirements, architecture, and design.

This process assembles the implemented'system elements. Interfaces are identified and activated to
enable interoperation of the system elements as intended. This process integrates the enabling
systems with the system-of-interest to facilitate interoperation.

NOTH 1 For a given level of the-system hierarchy, this process iteratively combines implemented
system elements to form cemplete or partial system configurations in order to build a product or
servige. It is used recursively for successive levels of the system hierarchy.

NOTH 2 The interfacésyre defined by the Architecture definition and Design definition processes.
This process coordinates with these other processes and checks to make sure the interface
definTtions are adequate and that they take into account the integration needs.

Additional expressions and discussions follow.

The goal-of the Integration process is to assemble the implemented system elements in order to obtain
the s : : : . . .
characteristics, properties and descriptions, its System Requirements, its Stakeholder Requirements
and achieves the intended system purpose in its intended context of use.

Regarding interfaces, one of the tasks of this process is to check that the implemented system elements
interface correctly. In other words, to check that the interfaces between the implemented system
elements, correspond to their definition obtained during the execution of the Architecture and Design
definition processes. In order to perform this check, the actual interfaces are first identified on the
implemented system elements, and then activated through the assembly of the concerned system
elements (physical aspect of the interfaces) and through the execution of verification actions (logical
aspect of the interfaces). These checks have to demonstrate that the system elements interoperate as
intended in the system definition.
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Regarding enabling systems, the system-of-interest is obtained progressively through the assembly
of implemented system elements to form aggregates (see 5.2.2.1) on which verification actions are
executed. To facilitate the assembly and the execution of verification actions, different kinds of
means (products, systems, services) are permanently or temporarily integrated to the concerned
aggregate (see 5.3.2). This principle is extended to the integration of the complete system-of-interest
in its operational environment, in which other necessary enabling systems are connected/integrated
to the system-of-interest (for example, a maintenance system or a logistics support system) so that the
system-of-interest can achieve its expected mission.

6.2.2 Outcomes

As stated in ISO/IEC/IEEE 15288:2015, 6.4.8.2:
As aresult of the successful implementation of the Integration process:

a) Integration constraints that influence system requirements, architecture, or design, includinjg
interfaces, are identified.

b) Approach and checkpoints for the correct operation of the assembled interfaces and system
functions are defined.

c) Any enabling systems or services needed for integration are available.
d) A system composed of implemented system elements is integrated.

e) The interfaces between the implemented system elements that compose the system are checked.
f) The interfaces between the system and the external environment are checked.
g) Integration results and anomalies are identified

h) Traceability of the integrated system elements is;established.

Guidelines:

Regarding integration constraints, the technelogies that support the system elements and the yay to
integrate these implemented system elements (how to assemble or connect them and what verification
actions to execute) have impacts to the definition of the system. Those impacts have to be identified
and translated into system requirements, corresponding architecture arrangements or charactefristics

and design properties, using the-applicable corresponding processes. Most of the time, those impacts
concern the interfaces.

Regarding the correct operation of interfaces and system functions, one has to identify the pofential
causes of any assembly ‘errors that could alter the integrity of system elements, their interfac¢s and
prevent system malfunetions. The assembly errors may happen because of wrong system elements,
wrong configuratiens/ wrong interfaces, several possible right or wrong ways to connect the interfaces of
system elements.They may affect security, safety of operators, operability, interoperability, etc. Tq avoid
such issues, antapproach and checkpoints have to be defined early during the system definition stajge.

Regarding-€nabling systems or services, they have to be available prior the execution pf the
integration steps. This, in particular, means that the enabling systems or services have been d¢fined,
develeped, qualified/validated prior using them (this remark justifies the Integration Enabling Jystem
coénsiderations in 5.3.2).

Regarding the traceability of the integrated system elements, the Integration process establishes
the configuration status of each implemented system element that is integrated (i.e. which version is
integrated, the history, rationale and impacts of modifications or changes) using the Configuration
Management process, the results of integration execution are recorded as well.
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6.2.3 Activities and tasks

Refer to ISO/IEC/IEEE 15288:2015, 6.4.8.3.

The project shall implement the following activities and tasks in accordance with applicable
organization policies and procedures with respect to the Integration process.

a) Prepare for integration. This activity consists of the following tasks:
1) Identify and define checkpoints for the correct operation and integrity of the interfaces and

the sdlected system functions.
NOTH 1 Detailed verification of the interfaces is performed using the Verification process.

NOTH 2 Refer to ISO/IEC/IEEE 15026 and the ISO/IEC 27000 series for information on assurance;
integlity, and security. Consider anti-counterfeit, anti-tamper, system and software assurance.and
inter¢gperability elements when identifying and defining checkpoints.

2) Define the integration strategy

NOTH1 The integration is performed according to a predefined integration strategythat sequences
the ofder for assembling the implemented system elements based on the prioriti€s of the system
requifements and architecture definition focusing on the interfaces, while minimizing integration
time, [cost, and risks.

NOTH 2 This strategy often provides for verification against a sequence-of progressively more
compjete system element configurations. It is dependent on system element availability and is
consiftent with a fault isolation and diagnosis strategy. Wherever possible, an integrated
configuration includes its human operators. Successive applicatien(s of the Integration process and
the Vérification process, and when appropriate the Validation¢rocess, are repeated for systems at
succefsive levels until the system-of-interest has been realized.

Guidelines:

Generplly, the system-of-interest cannot be obtained in a single round of assembly. As mentioned in
5.2.6, h strategy has to be defined describing the w:ay the integration is to be prepared for and executed.
The cqmplete strategy is defined taking into account the following considerations and dispositions:

— analyze the system architecture description, in particular, physical and logical models, in order to
— identify the system elements and their physical interfaces,
— identify the system elemenits that perform the core functioning of the system,

— identify the system-elements that perform functionalities related to the core functioning of the
system, and

— identify thesystem elements that interface with the external elements to the system;

— analyse system requirements and architecture descriptions to identify assembly priorities for
system elements;

— study alternative integration techniques or methods (see 5.2.6.1) that could be relevant with the
systeim to be integrated;

— study alternative aggregates and set of aggregates that could predefine the order of assembly;

— analyze the Verification and Validation strategies to define which system elements and which
aggregates of system elements are necessary to execute the selected verification actions. These
strategies contain the list of verification and validation actions that will have to be executed; this list
is the result of trade-offs between what should be verified and validated and what can be verified
and validated taking into account multiple constraints such as cost, deadlines, feasibility, security,
safety, etc. risks have to be minimized if verification actions are dropped;

— perform hazard analysis, security analysis, safety analysis and more generally risk analysis to
prevent unintended or undesired consequences that could appear during (or be generated by)
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integration performance. These consequences concern the integrity of the system itself, the safety
of operators inside or outside the system, the integrators, the environmental conditions (material
can be found in IEEE 1012-2012, Annex J[14]);

— assess and select one integration technique or method, or define a mix of these taking into account
the preceding studies;

— define the order for assembling the system elements through the set of aggregates previously
defined;

— consider project parametersand constraints to minimize integration time, costand risk; synéhfonize
integration tasks with the master schedule of the project.

The integration strategy may include early dispositions and tasks related to other’ development
activities in order to facilitate the integration. In particular, consider using virtual environments ﬂluring
architecture and design activities to anticipate potential integration difficulties, ‘hazards or threats,
reduce integration time, cost and risk. These virtual environments may also be used to simuldte the
integration of implemented system elements in order to predefine the assembly procedures.

Another disposition may be studied within the strategy to facilitate the'maintainability of the system-
of-interest during integration (and subsequent activities such as validdtion, operation, maintepance)
and/or to help efficient analysis causes of problems encountered during integration: consider to add
functions in the system-of-interest, or in any enabling system, such-as log data gathering and recqrding,
help to diagnosis, etc.

The integration strategy is documented in the Integration' Plan. The Integration Plan also indicates
where (sites location), when (schedules), how (integratien aggregate definition sheets) and who (skills)
performs the integration activities.

3) Identify and plan for the necessary enabling systems or services needed to support integratipn.

NOTE This includes identification of requirements and interfaces for the enabling systems. Enabling
systems for integration include the integration facilities, assembly equipment, training systems,
discrepancy reporting systems, simulators, measurement devices, and facility security. Changes
needed for the enabling systems to.support the integration tasks need to be identified and defing¢d.
The needs for these changes areprovided to the stakeholders that govern the enabling systems.

Guidelines:

5.3.2 explains the concept of enabling system instantiated to the specific integration mearls and
resources. It provides guidance on setting up Integration Enabling Systems and their relationships with
the system-of-interest to be integrated.

4) Obtain of dcquire access to the enabling systems or services, and materials to be used.

NOTE TheValidation process is used to objectively confirm that the Integration Enabling System
achievegsits intended use for its enabling functions.

Guidelines:

532 pluvidca guidauu:: o settingupintegration of t:ud‘uliug systents armd—theirretatio 1ShipS
with the system-of-interest to be integrated, in particular, about the acquisition and validation of
integration means.

5) Identify system constraints from integration to be incorporated in the system requirements,
architecture or design.
NOTE This includes requirements such as accessibility, safety for integrators and operators,

required interconnections for sets of implemented system elements and for enablers, and interface
constraints.
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Guidelines:

As defined above, the integration strategy studies are conducted in order to define where (sites
location), when (schedules), how (Integration Aggregate Definition Sheets) and who (skills and staffing)
performs the integration activities.

These definitions generate constraints, some of which have to be incorporated into system
requirements baselines, architecture description and design documents as feedbacks. The constraints
to be incorporated in baselines influence the utilization or operation of the system (such as checkpoints

to be ihcorporated in the system], the architecture and design characteristics (e.g. place or arrangement
of implemented system elements, input-output flows of information or commands exchanged with
operators or users, interfaces with harnesses or simulators, drivers/launchers and stubs).

b) Perform integration. Successively integrate system element configurations until the complete
system is synthesized [assembled]. This activity consists of the following tasks:

1) Obtain implemented system elements in accordance with agreed schedules.

NOTH The implemented system elements are received from suppliers, the acquirer,‘or withdrawn
from ptorage. System elements are handled in accordance with relevant health,safety, security and
privaty considerations. As part of the acceptance of the implemented system<elements, each [system]
elemgnt is checked to ensure it has been verified and validated against acceptance criteria specified
in an pgreement. The delivered configuration, conformance, compatibility,of interfaces, the presence
of mandatory information items are checked. Implemented system elements that do not pass
verification are identified as such and handled in accordance with.défined procedures.

Guidelines:

The no¢te added in the standard is sufficient to understandiand perform this task.

2) Assemble the implemented system elements.

NOTH The assembly is performed to achieve system element configuration (complete or partial)
conngcting the implemented system elements as\prescribed in the integration strategy, using the
defined assembly procedures, interface control descriptions, and the related integration enabling
systems.

Guidelines:

The apsembly of the implemented system elements follows the integration strategy as previously
defingd and documented in the ategration Plan, in particular the order of assembly.

The integration performanee is generally divided in several steps, assembling at each step some
impleﬂ:qented system (elements to form aggregates and integration configurations (composed of
the aggregates and<the necessary related enabling systems, tools or services); refer to 5.2.6.1. An
integrption step may-start and end with two optional milestones (that can be called “Integration Step
Readiness Review” and “Integration Step Results Review”) separating the effective execution of the
assemply actions, verification actions and validation actions of each step.

Upstr¢am ‘of integration performance, for each integration step, an Integration Procedure is defined

from he‘cancerned Sustem Inteoration Acagregate Sheets and documented (soe 721 The Inteoratiaon
Gy 2a+t HEe tS3and-aoced G oy teglat

Procedure provides all necessary information and data to execute the concerned step (see 7.3). These
information items are defined and deduced from the integration strategy. They may be optional
depending on criteria such as, for example, safety, security and complexity of assembly operations.

In each step, the integration procedure is used to execute the assembly of the concerned aggregate(s).
The Integration Procedure explains, in particular, how the system elements are handled and connected
(physical interfaces) using the enabling means, tools, systems (harnesses, simulators, etc.) through
actions to be directed or done by human operators. The integration operators should be skilled
personnel trained to carry out assembly activities on simulators or mock-ups, prior to executing these
activities onto the target implemented system elements. This disposition is optional depending on
criteria such as, for example, safety, security and complexity of assembly operations.
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When an implemented system element is assembled to another, the physical interfaces are checked more
or less simultaneously. Several verification actions are often necessarily performed before assembling

or connecting the implemented system elements, otherwise accidents may happen (see 5.2.7).

3) Perform check of the interfaces, selected functions, and critical quality characteristics.

and quality characteristics. The interfaces are checked using the Verification process against the
interface requirements.

NOTE This is performed to ensure the operation of the interfaces (external and internal), functions,

Guidelines:

The objective of this task is to check the assembly of implemented system elements and the intdrfaces
or interaction mechanisms between system elements and between the external components [of the
system. This is done in order to establish the conformance of the realized system (product, servijice) to

the system architecture description and design descriptions.

Normally, the checks of the physical interfaces are performed before and/or during the asgembly
of system elements to form an aggregate (see previous task of the Integration process) usipg the

Verification process.

In each integration step, when the implemented system elementShave been assembled to fofm an
aggregate, the aggregate is prepared in order to check the ekchanged input-output flows (lJogical
interfaces), the functions it has to perform and other architectural characteristics and design properties

or quality characteristics. This preparation may consist of thefollowing:

— adding and connecting to the system elements, throtigh checkpoints, equipment such as probes,
sensors, spies, trackers, specific analysers, etc. injorder to observe the behaviour of the aggré¢gate;

— adding and connecting drivers/launchers and stubs to simulate missing or absent implenjented

system elements or external components to'the system-of-interest.

Then, the aggregate is operated using the Vérification process and/or the Validation process (dep¢nding
on the characteristics to be checked);~measures, and data are collected during or at the end |of the

operation of the aggregate.

c) Manage results of integration. This activity consists of the following tasks:
1) Record integration results’and any anomalies encountered.

NOTE This includes anomalies due to the integration strategy, the Integration Enabling Systems,
execution of the integration or incorrect system or [system] element definition. Where
inconsistencies existat the interface between the system, its operational environment and any
systems that enable the utilization stage, the deviations lead to corrective actions or requiremer

(i

cause, enable-Corrective or improvement actions, and to record lessons learned.

changes. TheProject assessment and control process is used to analyse the data to identify the rpot

Guidelines:

The note added in the standard is sufficient to understand and perform this task.

2) Maintain traceability of the integrated system elements.

NOTE Bi-directional traceability is maintained between the integrated system elements and the
integration strategy, system architecture, design, and system requirements including interface
requirements and definitions that are necessary for integration.
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