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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 that

are members of ISO or IEC participate in the development of International Standards th

rough

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.

The procedures used to develop this document and those intended for its further maintenan
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeeded
different types of ISO documents should be noted. This document was drafted in accordance wi
rules given in the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

IEEE Standards documents are developed within the IEEE Societies and the’ Standards Coordi
Committees of the IEEE Standards Association (IEEE-SA) Standards Bodrd? The IEEE develd
standards through a consensus development process, approved by theAmerican National Stan
Institute, which brings together volunteers representing varied viewpginits and interests to achie
final product. Volunteers are not necessarily members of the Institute.and serve without compeng
While the IEEE administers the process and establishes rules topromote fairness in the cong
development process, the IEEE does not independently evaluate)test, or verify the accuracy of
the information contained in its standards.

Attention is drawn to the possibility that some of theselements of this document 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 decldrations received (see www.iso.org/patents) or t
list of patent declarations received (see http://patents.iec.ch).

Any trade name used in this document is\ififormation given for the convenience of users and do
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific term
expressions related to conformity assessment, as well as information about ISO's adherence
World Trade Organization (W-TO) principles in the Technical Barriers to Trade (TBT) see www.is
iso/foreword.html.

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information techr
Subcommittee SC 7 Systems and software engineering, in cooperation with the Systems and Sof
Engineering Standards Committee of the IEEE Computer Society, under the Partner Stan
Development@rganization cooperation agreement between 1SO and IEEE.

Any feedback or questions on this document should be directed to the user’s national standards bj
completelisting of these bodies can be found at www.iso.org/members.html.
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Introduction

Application of systems engineering to systems of systems has become increasingly important for the
realization and sustainability of large and persistent sociotechnical systems in domains as varied
as healthcare, transportation, energy, and defense, and contexts such as corporations, cities, and
government. This has been intensified in the last fifteen years by the pervasiveness of information
technology (IT), illustrated by new technologies and paradigms such as Sensor Networks, Cloud
Computing, the Internet of Things, Big Data, Smart Devices and Ambient Intelligence. It is, for instance,

the aplplication of these technologies to cities that transform them into smarter cities.

This Hocument provides guidance for the utilization of ISO/IEC/IEEE 15288 in the context’ of
SoS. While ISO/IEC/IEEE 15288 applies to systems in general (including constituent systéms),
this document provides guidance on the application of these processes to the special case* of SoS.
However, ISO/IEC/IEEE 21840 is not a self-contained SoS replacement for ISO/IEC/IEEE "15288. This
document is intended to be used in conjunction with ISO/IEC/IEEE 15288, ISO/IEC/IEEE 21839 and
[SO/IEC/IEEE 21841 and is not intended to be used without them.

For example, ISO/IEC/IEEE 21841 provides a taxonomy for SoS, providing specific viewpoints that
align [with stakeholder concerns. Using a taxonomy in conjunction with this”document facilitates
better] communications among the various stakeholders that are involved in'\activities like governance,
engineering, operation, and management of these SoS. However, this document does not require the use
of any|specific taxa in ISO/IEC/IEEE 21841.

© ISO/IEC 2019 - All rights reserved
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Systems and software engineering — Guidelines for the
utilization of ISO/IEC/IEEE 15288 in the context of syste
of systems (SoS)

m

1 Scope

This document provides guidance on the application of processes in ISO/IEC/IEEE 15288:to’syst
systems (SoS). The scope of this document is the same as ISO/IEC/IEEE 15288, which{addresses
than systems engineering activities.

NOTE1 Throughout the document, there is mixed use of "system of systems" and /Systems of systems'
could refer to a system of systems or systems of systems. Similarly, "CS" could refer{to a constituent sys
constituent systems.

This document provides general guidance for each ISO/IEC/IEEE 15288¢rocess and process outc
the context of SoS, but it does not address specific activities, tasks/methods, or procedures. Add
processes and process outcomes unique to SoS can still be needed‘and are not covered by this docy

This document explores the similarities and differences between systems and SoS and, by exté
the similarities and differences between engineering ofssystems and SoS. The guidance contai
this document is expected to evolve as the discipline matufes.

NOTE 2 In many cases, this document notes that I[SQ/IEC/IEEE 15288 processes or process outcofy
applies as stated to SoS.” Some interpretation within the context of SoS can still be needed.
2 Normative References

There are no normative references in*this document.

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions
For the purposes pfithis document, the following terms and definitions apply.
NOTE For~additional terms and definitions in the field of systems and software engineerin

ISO/IEC/IEEE) 24765, which is published periodically as a “snapshot” of the SEVOCAB (Systems and so
EngineeringYocabulary) database and which is publicly accessible at www.computer.org/sevocab.

ISO, EE, and IEEE maintain terminological databases for use in standardization at the foll
addresses:
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— IEC Electropedia: available at http://www.electropedia.org/

— IEEE Standards Dictionary Online: available at: http://dictionary.ieee.org

3.1.1
capability

measure of capacity and the ability of an entity (system (3.1.8), person or organization) to achieve its

objectives

[SOURCE: ISO/IEC 19770-1:2017, 3.10, modified — Note 1 to entry has been removed.]

© ISO/IEC 2019 - All rights reserved
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3.1.2
constituent system
independent system (3.1.8) that forms part of a system of systems (SoS) (3.1.10)

Note 1 to entry: Constituent systems can be part of one or more SoS. Each constituent system is a useful system
by itself, having its own development, management (3.1.5), utilization, goals, and resources, but interacts within
the SoS to provide the unique capability (3.1.1) of the SoS.

[SOURCE: ISO/IEC/IEEE 21839:2019, 3.1.1]

3.1.3
emergence
principle that entities exhibit properties which are meaningful only when attributed to the wholes/not
to its parts

Note ] to entry: These properties cannot be reduced or decomposed back down to the those ofany individual
constitluent system (3.1.2).

Note 2[to entry: The definition is adapted from Reference [9].

3.1.4
goverjnance

procegs of establishing and enforcing strategic goals and objectives;-brganizational policies, and
perfofmance parameters

[SOURCE: ISO/IEC 24765:2017, 3.1757, modified — The article "thé" at the beginning of the definition
has bgen removed.]

manajgement
system (3.1.8) of controls and processes required«to* achieve the strategic objectives set by the
organjzation's governing body

Note 1]to entry: Management is subject to the policy'guidance and monitoring set through corporate governance
(3.1.4)

[SOUHCE: ISO/IEC/IEEE 24765:2017, 3,2338]

3.1.6
satisficing
decisipn technique that discards-any alternative with an attribute value outside an acceptable range

[SOURCE: ISO/IEC/IEEE 24765:2017, 3.3601]

3.1.7
stage
period within thedlife cycle of an entity that relates to the state of its description or realization

Note 1 to entry: As used in this document, stages relate to major progress and achievement milestones of the
entity fhrough its life cycle.

Note 2 to entry: Stages often overlap.

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.43, modified — The expression "this International Standard"
has been replaced with "this document".]

3.1.8
system
combination of interacting elements organized to achieve one or more stated purposes

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.46, modified — Note 1, 2, and 3 to entry have been removed.]

© ISO/IEC 2019 - All rights reserved
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3.1.9
system-of-interest
system (3.1.8) whose life cycle is under consideration

Note 1 to entry: In this document, the system-of-interest is a system of systems (3.1.10).

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.48, modified — The words "in the context of this International
Standard" have been removed; Note 1 to entry has been added.]

o4 an

J. L. 1IU

system of systems
set of systems (3.1.8) and system elements that interact to provide a unique capability (3.1.1))thaf none
of the constituent systems (3.1.2) can accomplish on its own

Note 1 to entry: System elements can be necessary to facilitate interaction of the constituent systems|in the
system of systems.

[SOURCE: ISO/IEC/IEEE 21839:2019, 3.1.4, modified — The abbreviated term</S0S" has been remloved.]

3.1.11

system life cycle
period that begins when a system (3.1.8) is conceived and ends\when the system is no Jonger
available for use

[SOURCE: ISO/IEC/IEEE 24765:2017, 3.4108]

3.1.12
taxonomy
scheme that partitions a body of knowledge and defines the relationships among the pieces

[SOURCE: ISO/IEC/IEEE 24765:2017, 3.4167, madified — Note 1 to entry has been removed.]

3.2 Abbreviated terms

CS constituent system, constituent systems
SE systems engineering

SOl system of interest

SoS system of systems, systems of systems

SoSE system of Systems engineering

4 Relationship to other standards

This-decument is part of a set of documents that are intended to be used together:

ISO/IEC/IEEE 15288 provides the fundamental basis for this document by establishing a model|set of

system life cycle processes.
ISO/IEC/IEEE 21839 addresses SoS considerations in life cycle stages of a system.

This document provides guidance on the use of ISO/IEC/IEEE 15288 in the context of SoS, including
considerations for how CS relate to each other within the SoS. However, the use of any specific taxa in
ISO/IEC/IEEE 21841 is not required.

ISO/IEC/IEEE 21841 provides a taxonomy for SoS, providing specific viewpoints that align with
management and governance concerns. Using a taxonomy in conjunction with this document facilitates
better communications among the various stakeholders that are involved in activities like governance,
engineering, operation, and management of these SoS.

© ISO/IEC 2019 - All rights reserved
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Figure 1 highlights these relationships.

How the standards might apply to a notional SoS “ABC”
composed of 3 constituent systems “A,” “B,” and “C”

SoS ABC

ISO/IEC/IEEE 21841

SoS

Considerations

SdS Considerations 1SO/IEC/IEEE 21839
For Systems
System
Considerations
How O\ How
Arelates to C \o«t relates to A
[Ac] ¢ [oa]
AN
‘(
Figure 1 — Relationship betwgﬁl the standards
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NOTE This figure is reproduced from ISO/IEC/IEEE 15288:2015, Figure 2.

Figure 2 — Overview of a system

It is not possible to determine from a hierarchy diagram if a, ¢coHection of systems is an SoS. Rather
than being described in terms of hierarchies, SoS are often described as general networks as shqwn in

Figure 3.

=

T

Figure 3 — Overview of an SoS

Within an SoS, each CS is an independent system that forms part of an SoS. CS can be part of one or
more SoS. Each CS is a useful system by itself, having its own development, management, utilization,
goals, and resources, but interacts within the SoS to provide the unique capability of the SoS. These
additional attributes are what distinguish SoS from a collection of systems.

The differences between a system and an SoS are not in the physical or hierarchical structure of the
component parts, but rather in the behavioral and managerial characteristics of those parts. The
differences between systems and SoS (and between SE and SoSE) are complex. Table 1 describes
examples of drivers of SE compared with SoSE, while Table 2 and Table 3 describe some of the
differences between systems and SoS. These differences reflect the attributes or characteristics around

which the guidance on the application of ISO/IEC/IEEE 15288 to SoS are framed.

© ISO/IEC 2019 - All rights reserved
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However, it is important to understand that characteristics differ between system and SoS, and are not

mutually exclusive.

Table 1 — Example drivers of SE and SoSE

SE SoSE
Focus Single complex system Multiple integrated complex systems
Objective Optimization Satisficing, sustainment
Boundaries Static Dynamic
Problem Defined Emergent
Structure Hierarchical Network
Goals Unitary Pluralistic
Timeframe System life cycle Continuous
Centricity Platform Network
Tools Many Few
Management framework Established Various
NOTE | This table is adapted from Reference [10].

Table 2 — Examples of differences between systéms and SoS

Systems tend to have

SoS tend to have

A clear set of stakeholders

Multiple levelsofistakeholders with mixed and possibly

competing interests

Clear objectives and purpose

Multiple and possibly contradictory objectives and purpose

Clear management structure and clear
accountabilities

Dispdrate management structures with no clear

accountability

Cledr operational priorities, with escalation to
resolve priorities

Multiple, and sometimes different, operational priorities

with no clear escalation routes

A single life cycle

Multiple lifecycles with elements being implemented

asynchronously

Clepr ownership with the ability to move re-
sources between elements

Multiple owners making individual resourcing decisions

NOTE | This table is adapted from Reference [11].

Table 3 = Examples of differences between systems and SoS

Attribute System SoS
Autbnom Autonomy is ceded by parts to grant Autonomy is retained and exercised by CS while
y autenomy to the system. contributing to fulfilling the purpose of the SoS.
While some CS are directed or coerced to belong
Parts are akin to family members; they did to SoS, some CS could be unaware of the SQS'
. Some CS choose to belong on a cost/benefits
Bel?ngmg not choose themselves but came from . . .
B U S—— basis; also, to cause greater fulfillment of their
P ) sHs 0P " |own purposes, and because of belief in the
overarching SoS purpose.
Prescient design, along with parts, with high |Dynamically supplied by CS with every
C ... |connectivity hidden in elements, and possibility of myriad connections between CS,
onnectivity | .. L . . . : :
minimum connectivity among major possibly via a net-centric architecture, to en-
subsystems. hance SoS capability.

NOTE This table is adapted from Reference [8].

© ISO/IEC 2019 - All rights reserved
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Table 3 (continued)

Attribute System SoS
Managed i.e. reduced or minimized by Increased diversity in SoS capability achieved by
modular hierarchy; parts’ diversity released autonomy, committed belonging, and
Diversity |encapsulated to create a known discrete open connectivity.

module whose nature is to project simplicity
into the next level of the hierarchy.

Foreseen, both good and bad behavior.and |Enhanced by deliberately not being foreseen,
designed in or tested out as appropriate. though its crucial importance is, and by
Emergence creating an emergence capability climate, that
will support early detection and eliminatiopn of
bad behaviors.

NOTE This table is adapted from Reference [8].

5.2 Managerial and operational independence

ISO/IEC/IEEE 15288:2015, Annex G contains general information on SoS. Details of SoS charactefistics
and types in ISO/IEC/IEEE 15288:2015, G.2 are shown in the box.

SoS are characterized by managerial and operational independence-of the constituent systems, which
in many cases were developed and continue to support originally identified users concurrently with
users of the SoS. In other contexts, each constituent system itself is a SOI; its existence often predates
the SoS, while its characteristics were originally engineeréd to meet the needs of their initial ufsers.
As constituents of the SoS, their consideration is expanded to encompass the larger needs of the SoS.
This implies added complexity particularly when the systems continue to evolve independently of
the SoS. The constituent systems also typically retain their original stakeholders and governfance
mechanisms, which limits alternatives to addre§s the needs of the SoS.

Emergence is a key characteristic of SoS —the unanticipated effects at the systems of systems |level
attributed to the complex interaction \dynamics of the constituent systems. In SoS, constifuent
systems are intentionally consideredqn their combination, so as to obtain and analyze outcomep not
possible to obtain with the systems“alone. The complexity of the constituent systems and thq fact
they may have been designed without regard to their role in the SoS, can result in new, unexpgcted
behaviors. Identifying and addressing unanticipated emergent results is a particular challenge in
engineering SoS.

Applying SE to SoS aims to engineer the desired emergent behavior and minimize the undpsired
emergent behavior € the anticipated effects are generally the reason for the SoS conceptualizatioi.

imthe SoS. Relationships between CS and system elements affect the SoS. Systems that do not

d Ol PpdI't Ol d 0D d OW gure 4. Urgd dlI0O A OW % V W O U C
produces outputs. Likewise, Organization B owns System W which also consumes inputs and produces
outputs. Systems have capabilities. Outcomes can be partially or totally achieved when the system
behaves. Because Systems V and W do not interact, there is no SoS.

NOTE The terms "organization" and "owns" suggest that individual CS could reside in different companies
or enterprises. However, CS could reside within different organizational elements within a particular company
or enterprise.

© ISO/IEC 2019 - All rights reserved
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(Organization A )

System V

[nputs Capabilities

Outputs

C h
System W 54
Capabilities

Inputs

Outputs

o N4
\ Organization B ,-‘O\

v

Figure 4 — Systems that don’t interact are igt part of an SoS

An es$ential characteristic is that CS within the SoS are operationally independent[1l. That is, the CS
can (and do) operate independently to fulfil some number of purposes on their own, separate from the
SoS. However, an SoS is a set of systems and system elemients that interact to provide a unique capability
that none of the CS can accomplish on its own as shewn in Figure 5. Because the SoS provides unique
capabjlities beyond those of the CS, the SoS couldthave unique inputs beyond inputs originally needed
by thg CS. Also, while it is possible that the emergent capability is provided by one of the CS, this isn't
necessarily the case. Some SoS can (and do) previde outputs not conveyed by one of the CS.
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™

Outputs
3 v
\ X,
Managerially | Sos *d  Operationally 508 Uity
| Unique " Interdependent Outputs
nterdependent l p p

S £V D

Outputs

\ Organization B

Figure 5 — A set of systems and system elements that interact to provide a unique capabjlity

SoS add value through the unique SoS capabilities from the integration and/or sequencing capabilities
of CS and other elements in time and space. Consequently, SoS accommodate delivery of ofitputs
to multiple consumers that could haveddifferent priorities and expectations. While CS operate
independently from each other for their own purposes, they also operate interdependently with each
other and other elements to produce the SoS outputs. CS are never totally independent, yet they are also
never totally subservient to the $oSIEI. Unlike a system, which has been designed to fulfil a purpose and
an expected quality of service,the quality of service provided by an SoS can be subject to variatign.

Another essential characteristic is that CS within the SoS are both managerially independent and
interdependent. Manageridl independence suggests that the CS are likely to be managed by organizptions
that retain some degree of independence even though they are interdependent while participating
in SoS. The implieation is that these organizations could have goals and objectives for the CfS that

gure 6 highlights the variouskinds of relationships for governance and manageme iltiple projects
can be necessary to design, produce, and operate a system. SoS composed from some combination
of systems U, V, and W would need to address the operational independence of the systems and the
managerial independence of organizations.
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In the context of Laws, Regulations, Agreements, Contracts, Policies, etc.

Laws Regulations Agreements Contracts Policies

~ U S

Organizations Govern a Portfolio of Programs Through Strategic Goals and Objectives

| Organization A | | Organization B |

Programs ]l/lanage Projects to Achieve Goals and Objectives n'\%

| Z_ vV
| Program X | | Program Y | | Pro A |

I : 1 AN
| Project X1 | | Project Y1 | | Project Y2 | A \Project 71 |
»
System U System V -] 3 System W
)

The pi
cases,
many
do not
The d
in ligh

6 A

6.1

6.1.1
1SO/11

Figure 6 — Degree of operational and managerial independence varies

ocesses from ISO/IEC/IEEE 15288 are applied in a highly iterative and concurrent manner. In some
there could be “waves” of SoS revision~In other cases, SoS changes could occur continually, with
[processes operating on a continuous basis to implement evolutionary change. These complexities
invalidate ISO/IEC/IEEE 15288(0o5'SE, but rather form an alternative context for their application.
escriptions of the use of the ISO/IEC/IEEE 15288 processes and outcomes should be reconsidered
t of the alternative contextS€lause 6 provides general guidance in the context of SoS.

pplication of system life cycle processes to SoS
Agreementprocesses

General

CHAEEE 15288:2015, 6.1 contains general information on the application of system life cycle

agree

et processes to a system as shown in the box.
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This subclause specifies the requirements for the establishment of agreements with organizational
entities external and internal to the organization.

The Agreement Processes consist of the following:
a) Acquisition process - used by organizations for acquiring products or services;

b) Supply process - used by organizations for supplying products or services.

These processes define the activities necessary to establish an agreement between two organizatjions.
If the Acquisition process is invoked, it provides the means for conducting business with a.supplier.
This may include products that are supplied for use as an operational system, services ifi|suppdrt of
operational activities, or elements of a system being provided by a supplier. If the Supply procgss is
invoked, it provides the means for an agreement in which the result is a product @n’service that is
provided to the acquirer.

NOTE Security is an increasing concern in systems engineering. See ISO/IEC27036, Security techijiques
— Information security for supplier relationships, for requirements and guidancé{or suppliers and acqyirers
on how to secure information in supplier relationships. Specific aspects of information security supplier
relationships are addressed in Parts 3 and Part 4.

ISO/IEC/IEEE 15288:2015, Annex G contains general information‘en the application of system lif¢ cycle
processes to SoS. Details of agreement processes in ISO/IEC/IEEE 15288:2015, G.3.2 are shown in thje box.

Agreement Processes are crucial for SoS because they.establish the modes of developmental and
operational control among the organizations respensible for the SoS and the often independent
constituent systems. Constituent systems, which are acquired and managed by diff¢rent
organizations, often hold original objectives that may not align with those of the SoS. Except in the
directed SoS case, the SoS organization cannet.task a constituent system organization without their
cooperation. In an acknowledged or collaborative SoS, these tasks are balanced against the fasks
of the constituent system as a SOI in its¢own right. For virtual SoS, agreement processes mgy be
informal, or considered only for analysis purposes.

The Agreement processes desctiption from ISO/IEC/IEEE 15288 applies as stated to SoS with the
following additions.

Because CS exist already-and are being used for other purposes, agreements between the CS gnd its
suppliers can already exist. Those agreements could be particularly important if the SoS expects the CS
to change to meet SoS needs. For example, if the SoS has the requirement for changes to CS, this|could
affect existing agreements the CS has in place with its suppliers. However, depending on the degree of
operational or managerial independence, CS may not be obliged to acknowledge or adjust based pn the
SoS requirements.

For some\S0S, it is possible that the Agreement processes as stated do not apply at all, with no evldence
of Acquisition or Supply processes. In such cases, “agreement” can be considered in the concg¢ptual
sense-only, in that participating CS owners could form agreements among each other. In some cases,
participating CS owners could even be competing and conflicting with each other. In others, 1Iormal

4 111 1 o
dg I'TCIIITIILS COUIU DT dDUSCIIL.

In SoS, agreements can be needed when there are no existing authority arrangements between the SoS
and the CS. Agreements within SoS could be formal agreements, memoranda of agreement, or other
less formal agreements. Loose agreements could be more appropriate for non-critical elements, while
tighter, more formal agreements and associated processes could be appropriate for managing areas of
higher risk or greater criticality. However, CS could interact even without formal or explicit agreement.

ISO/IEC/IEEE 15288 does not contain processes addressing collaboration or competition. Collaboration
and competition involve independent action among the CS owners that facilitate collaboration or create
conflicting relationships among the CS owners and SoS owner (if any). These relationships result in
dynamic changes to the CS that modify the objectives, goals, and capabilities of the SoS.
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Realizing a new SoS capability that is not supported by the existing CS requires some recognition of
the need for the new capability, and support for the need from the CS owners. Revised agreements
for example, may be needed to establish and maintain interoperability between CS. These agreements
could be obtained external to a typical SE span of control; however, application of SE processes can
help influence reaching suitable agreements. The obtainment of SoS capabilities requires interaction
between the CS within the SoS. These interactions could require agreements to establish and maintain
interoperability among these systems. Used in concert with Interface Management, the Agreement
process can be used to establish and maintain technical interface agreements between CS owners and
maintginers

6.1.2 | Acquisition process

6.1.2.11 Purpose
The ppirpose of the Acquisition process in ISO/IEC/IEEE 15288:2015, 6.1.1 is shown in the box.

The Jpurpose of the Acquisition process is to obtain a product or service in ac€ordance with the
acqujiirer's requirements.

NOTE As part of this process, the agreement is modified when a change request is agreed to by both the
acqujrer and supplier.

The plirpose of the Acquisition process in ISO/IEC/IEEE 15288:2015,'6.1.1 applies as stated to SoS with
the following additions.

For ar] SoS, the organization (single or collaborative) for the'SeS is the acquirer and the suppliers could
be th¢ organizations that manage the CS. Organizations ‘participating in the SoS would also have to
coordjnate any system elements required by the SoS-beyond the CS. Terms such as participant or
"partier” could be more applicable than acquirer and supplier.

In the|context of SoS, an acquirer obtains the capabilities of CS, sometimes without explicit agreement,
and without acquiring the CS that produced(the capabilities. The acquirer could still need to obtain
system elements (i.e., system elements that are not CS, or any system elements required by the SoS
beyond the CS).

There|could be the occasion where the functionality or interface behaviors for a CS require modification
or an ¢xpectation for coordinatedchanges to the CS. In these cases, applying SE supports the acquisition
procefs by defining the functional, performance or technical requirements allocated to each CS to
support the capability to be-achieved by the SoS when these CS interact.

6.1.2.2 Outcomes

The ofitcomes of the Acquisition process in ISO/IEC/IEEE 15288:2015, 6.1.1 apply as stated in the boxes
with the followihg additions:

a) A request for supply is prepared.

It is possible that a request for supply by the organization that governs the SoS does not have the same
formality as could be expected within a system. Instead of a formal request for supply for specific
products or services, a search for specific capabilities or a request for information about existing and
planned capabilities can be made. In an SoS governance sense, a request for supply could only have or
need partial influence on the component outcome. For example, there could be standards and rules
for certain aspects of certain types of CS, but little interest in definition of the full acquisition scope
of that item. Things such as collaborative and informal agreements and influencing by demonstrating
potential mutual benefits (to both SoS governance and CS suppliers) could apply.
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b) One or more suppliers are selected.

In an SoS, the selection of suppliers or participants can occur in several ways. The SoS could identify
and negotiate the participation of a CS in an SoS. If the CS are managerially dependent, the selection of
suppliers could follow a path like that of conventional systems. If the CS are managerially independent,
the CS likely would decide for themselves. Rather than selecting suppliers, suppliers/candidate
organizations could choose to part1c1pate in the SoS (1 e, self-select) but at least in some cases, they
oy pla e e SoS)
Wthh could have some controls (e. g shall be accredlted/meet Crlterla to be allowed to ]om the SoS
context) or be uncontrolled (anyone can join, but the integrated behavior is uncertain or peor finless
certain rules/minimum requirements are met).

c¢) Anagreement is established between the acquirer and supplier.

In addition to formal approaches like contracts, less formal approachesisiich as memoranda of
agreement and memoranda of understanding can be effective in the mandgement arrangements for
some types of SoS. For some types of SoS, though, agreements could, e informal or tacit. Accgpting
terms of use for a product or service is one type of agreement. Some'\types of SoS operate effe¢tively
even in the absence of agreements.

A supplier can be a freely-available source of information, or an‘agreement could be already held (for
example, where the information is being used in a different context). In either case, it is possible|that a
formal agreement does not need to be established.

d) A product or service complying with the agreement is accepted.

In the context of SoS, especially if the agreement approach is informal, "compliance" could|[mean
something different than in the context of sy§tems, where agreements and means to compel comp|liance
can be formal. Within an SoS, especially inthe absence of a formal agreement, acquirers could firld that
they have little leverage over supplierg-to deliver acceptable products and services on the antic]pated
schedule. Consequently, acquirers,_should adjust their plans and processes to accommodate|these
realities. Obtaining or using an existing CS to gain a product or service, and agreeing to its terms pf use,
is one type of acceptance.

Based on marketplace anditrust, a CS could be trusted by an SoS customer to comply with appropriate
standards without explicit evidence of that compliance (e.g., a mobile phone). If the customer
subsequently finds thatthe CS fails in a way that shows the SoS customer that the CS is not confpliant
and has breached-that trust, the SoS customer could remove the CS from the SoS or seek addijtional
means to gain the-appropriate trust. This kind of approach could work in non-critical environments;
more criticalléenvironments with significant consequences (risk) could demand more explicit ug-front
compliancé.

e) . “Acquirer obligations defined in the agreement are satisfied.

Within an SoS, acquirers can obtain capabilities from CS without explicit agreements, so an SoS acfjuirer
could have no explicit obligations to the CS. Or, depending on the type of SoS, acquirers could have
fewer or different obligations than with systems. However, if those obligations are documented in an
agreement of some type, including general terms of use, the acquirer should endeavor to satisfy them.

6.1.3 Supply process

6.1.3.1 Purpose
The purpose of the Supply process in ISO/IEC/IEEE 15288:2015, 6.1.2 is shown in the box.
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The purpose of the Supply process is to provide an acquirer with a product or service that meets
agreed requirements.

NOTE As part of this process, the agreement is modified when a change request is agreed to by both the
acquirer and supplier.

The purpose of the Supply process in ISO/IEC/IEEE 15288:2015, 6.1.2 applies as stated to SoS with the
following additions.

In an SoS comprised of existing CS, those systems already have an existing acquirer for their product
or serfvice. Some CS could be willing to expand or reallocate resources to address the needs of an\SoS
acquirer, or agree to not change CS characteristics without notice, but some would not.

In some types of SoS, agreements could be informal or even absent.

Supply of a product or service does not necessarily mean relinquishing ownership_ of'the product or
under]ying service system.

For SdS, terms such as "participant” or "partner” could be more applicable than(acquirer and supplier.

6.1.3.2 Outcomes

The oputcomes of the Supply process in ISO/IEC/IEEE 15288:2015, 6.1.2 apply as stated in the boxes
with the following additions:

a) Anacquirer for a product or service is identified.

In an SoS, identification of specific acquirers is not always necessary. For example, suppliers of some
types|of software are not able to identify individual acquirers. However, identifying classes of acquirers
could ppe beneficial. Suppliers should consider which*SoS (one or more) they support.

b) Aresponse to the acquirer's request is produced.

SoS adquirers can struggle with identifying potential suppliers and requesting information from them.
Requdsts can be informal and relatively unstructured. For example, when users of cell phones acquire an
app fdr some purpose, it would bewery difficult for them to identify and generate requests to potential
suppliers individually. To mitigate this difficulty, suppliers of apps use alternative means to make the
capabijlities of their apps known to prospective acquirers. Effective SoS suppliers could accommodate
these challenges by developing more open lines of communication with potential SoS acquirers.

SoS agquirers could&etroadmaps or broad strategies that CS suppliers could implement at times that
suit them. Such roadmaps could also be drivers for a coordinated change across multiple organizations
(e.g., telecommunication 4G/5G standards). Proxies, such as consortia and user groups, can be used to
aggrepate andurianage requests.

c) PpAnagreementis established between the acquirer and supplier.

Agreements within SoS span a wide spectrum of formality, from contracts at one end of the
spectrum, moving through less formal approaches such as memoranda of agreement, to memoranda
of understanding to no agreements at all. For example, many types of software are licensed, not
purchased. Software license agreements often include the right to use the software subject to terms
and conditions. Using the software can constitute an agreement to those terms and conditions.

A supplier could be unaware that an SoS is making use of the supplier's CS capabilities. Sensitive system
design and other technical information could be of value to a competitor or an adversary. The extent to
which protection can be implemented and enforced should be considered.
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Agreements can be less formal but can include responses to SoS roadmaps, identified standards and
conformance arrangements that allow CS to participate.

d) A product or service is provided.

While the SoS provides products or services (or capabilities), the CS provide products or services (or
capabilities) to the SoS and to other acquirers beyond the SoS. The CS are operationally and managerially
independent as well as interdependent.

e) Supplier obligations defined in the agreement are satisfied.

For many SoS, the term "obligation" could be too strong or not applicable. For example, in sonje SoS
where an explicit agreement does not exist, the supplier has no direct obligations.\However, suppliers
generally want their products and services to be used, so they have some motivation to help acqpuirers
find usefulness in them.

These obligations could include evidence of interoperability (e.g., third party testing) or conforpance
as a precondition to participate in one or more SoS, but with no obligations relating to full functignality
of the SoS.

f) Responsibility for the acquired product or service, as directéd by the agreement, is transferjred.

Due to the wide variety of agreement types and relationships between suppliers and acquirers in gn SoS,
care should be taken to understand the retention and‘allocation of ownership, responsibilities,|risks,
and liabilities. From the perspective of the supplier,sagreements could be informal or unnecessary, or
the supplier could be unaware that an SoS is makinguse of the supplier's CS capabilities. Consequiently,
transfer of ownership would not occur. For example, it is possible that some obligations regarding
usage, data, and privacy transfer, while some do not.

6.2 Organizational project-enabling processes

6.2.1 General

ISO/IEC/IEEE 15288:2015,,6.2 contains general information on the application of system lifd cycle
organizational project-enabling processes to a system as shown in the box.

The Organizational Project-Enabling Processes help ensure the organization’s capability to acquire
and supply prediicts or services through the initiation, support and control of projects. These
processes pravide resources and infrastructure necessary to support projects and help ensurge the
satisfaction ef organizational objectives and established agreements. They are not intended fo be
a comprehensive set of business processes that enable strategic management of the organizatlion's
business.

The Organizational Project-Enabling Processes consist of the following:

a)Life Cycie Moder Mamagenent process,
b) Infrastructure Management process;

c) Portfolio Management process;

d) Human Resource Management process;
e) Quality Management process;

f) Knowledge Management process.
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ISO/IEC/IEEE 15288:2015, Annex G contains general information on the application of system life cycle
processes to an SoS. Details of Organizational project-enabling processes in ISO/IEC/IEEE 15288:2015,
G.3.3 are shown in the box.

In a typical system-of-interest, Organizational Project-Enabling Processes establish the environment
in which projects are conducted. The organization establishes the processes and life cycle models
to be used by projects; establishes, redirects, or cancels projects; provides resources required,
including human and financial; and sets and monitors the quality measures for systems and other

deliverabtestitatare devetoped by projects for imtermat and externat CUStomers. (Subciause 6.2)-

In an SoS, the owners of the constituent systems usually retain responsibility for engineering their
syst¢ms and they each have their own Organizational Project-Enabling Processes. Depending.on
the JoS type, the SoS also applies these Organizational Project-Enabling Processes to the paxticular
consfiderations of the SoS - planning, analyzing, organizing, and integrating the capabilities-of a mix
of exlisting and new systems into a SoS capability.

Congequently, in SoS these Organizational Project-Enabling Processes are implemented at two levels.
The prganizations responsible for the constituent systems implement these proeesses for their SOI
independent of the SoS. The SoS organization (or in collaborative systems of systéms by agreement of
the JoS) implement these processes for the SoS for those considerations thatapply to the overall SoS.
For ¢xample, Human Resource Management is addressed by each constitiient system organization
for the engineering of their system. The SoS organization would only.address this for the systems
engiheering activities that apply across the constituent systems to the SoS.

A particular challenge in SoS engineering is the lack of aligiment among the constituent system
Orgdnizational Project-Enabling Processes and those of the S0S. Constituent systems processes are
designed to meet their own outcomes and may not align with those of the SoS. For example, Portfolio
Manpgement will be a constituent system responsibjlity in cases where the constituent system
orgahization has full control over the constituent,system and other systems and projects in its
portfolio, and the SoS organization will need an approach to Portfolio Management that recognizes
this.

The Ofganizational project-enabling processes description from ISO/IEC/IEEE 15288 applies as stated
to So§ with the following addition.

To mitigate risks associated with misalignment among the CS, working groups and information sharing
strategies such as roadmaps can be productive.

6.2.2 | Life cycle model management process

6.2.2.1 Purpose

The phirpose of theLife cycle model management process in ISO/IEC/IEEE 15288:2015, 6.2.1 is shown
in the|box.

The purpose of the Life Cycle Model Management process is to define, maintain, and assure availability
of palicies, life cycle processes, life cycle madels, and procedures for use hy the arganization with

respect to the scope of this International Standard.

This process provides life cycle policies, processes, models, and procedures that are consistent
with the organization's objectives, that are defined, adapted, improved and maintained to support
individual project needs within the context of the organization, and that are capable of being applied
using effective, proven methods and tools.

The purpose of the Life cycle model management process in ISO/IEC/IEEE 15288:2015, 6.2.1 applies as
stated to SoS with the following additions.
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CS could have their own life cycle models and could be at different places within those models. The
life cycle model of an SoS could be different from those of the CS. SoS can have a range of CS that may
contribute to achieve the outcome such that there can be new ones in development and old ones retiring
while the SoS is operating. Effective use of this process provides a context for CS joining and leaving the
SoS and associated costs or financial constraints.

6.2.2.2 Outcomes

T]‘\n outcomac aftha lifo cucla maodal managamant BrOERSS |n ICﬂ/H:‘f‘ /IEEE 1E52QQ.2N0N1C £ 2 1 ﬂpply as
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stated in the boxes with the following additions:

a) Organizational policies and procedures for the management and deployment of lifeCy¢le mgdels
and processes are established.

The SoS and CS could have their own organizational policies and procedures, and differept life
cycle models for their respective systems. Depending on the degree of managerial indepenflence,
organizations governing CS could have little insight or interest in the policies,procedures, and lif¢ cycle
models of the SoS or another CS.

b) Responsibility, accountability, and authority within life cycle policies, processes, models| and
procedures are defined.

For each SoS, responsibility, accountability, and authority-atrangements with CS should be defin¢d and
understood. Because the organizations responsible for €S manage their own systems, SoS efforts §hould
work with these organizations and systems to establish responsibility, accountability, and authority
over aspects of the SoS key to SoS objectives. It is possible that an SoS organization has responsibility for
(life cycle) models, without any authority to enforee the use of those models across the CS, but they could
encourage their use. Other permutations (e.g.,"an organization could be responsible and accountable,
but not have authority) are also possible. linsome SoS, no organization is responsible, accountgble or
has authority. Organizations responsible.for CS participating in SoS should review and update their life
cycle policies, processes, models, and.procedures to support effective participation in an SoS.

¢) Life cycle models and processes for use by the organization are assessed.

Assessment of SoS life cycleimodels and processes for use by the organization should consider thiat SoS
concerns, life cycle models, and processes could differ from those of the CS. The life cycle modgl and
process of the SoS should recognize and accommodate the life cycle model and processes of the CS.
For example, in sgme’cases, it could be possible to adapt the CS life cycle models and processes t¢ meet
the needs of the-SoS. In other cases, some CS could be unable or unwilling to make such adaptations.
Adaptation _to)SoS concerns could include alignment with SoS roadmaps or broad strafegies.
Reassessmeiits could need to be made periodically.

d) . PRrioritized process, model, and procedure improvements are implemented.

SeS pracess maodel_and prnrpdnrp improvements should recognize that improvements nee ed to

support the SoS are different from those needed to support the CS on its own and that the priorities of
the SoS could differ from the priorities of the CS.

6.2.3 Infrastructure management process

6.2.3.1 Purpose
The purpose of the ISO/IEC/IEEE 15288 Clause 6.2.2 'Infrastructure management process' is shown in
the box.
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This

The purpose of the Infrastructure Management process is to provide the infrastructure and services
to projects to support organization and project objectives throughout the life cycle.

information technology assets needed for the organization’s business with respect to the scope of
this International Standard.

process defines, provides and maintains the facilities, tools, and communications and

The p

urpose of the Infrastructure management process in ISO/IEC/IEEE 15288:2015, 6.2.2 applies as

stated

Distin

to SoS with the following addition.

ction should be made between infrastructure and services needed by organizations and their

projeqts, which is the focus of this process, and the infrastructure and services needed by the SoS itself.
6.2.3.2 Outcomes
The opitcomes of the Infrastructure management process in ISO/IEC/IEEE 15288:2015; 6.2.2 apply to
organjzations and projects as stated in the boxes with the following additions:

a) The requirements for infrastructure are defined.
Infragtructure requirements for SoS projects could be different from.infrastructure requirements for
CS projects. For example, physical facilities such as integration labs@nd test labs could be needed for
intergperability testing for conformance to SoS standards.

b) The infrastructure elements are identified and specified:
SoS cpuld need additional project infrastructure eléments that are not needed by any of the CS
individually. There could be a need for ongoing review, monitoring, and evolution of the infrastructure
to kedp pace with CS changes across the SoS tofaintain the SoS objectives (i.e., this could be a very
dynarhic activity; evolutionary development/support is likely).

c) Infrastructure elements are developed or acquired.
Deperjding on the degree of managerial independence of the CS, the approach to developing and
acquiring SoS project infrastructure elements could be quite different from systems.

d) The infrastructureis.available.
Becaufse SoS and CScould be operating using different life cycle models and could be at different stages

within their life cycl€s, the availability, robustness, and resiliency of SoS project infrastructure could be

of gre

6.2.4

hter coneern than with the CS alone.

Partfolio management process

6.2.4.1 Purpose

The purpose of the Portfolio management process in ISO/IEC/IEEE 15288:2015, 6.2.3 is shown in the box.

This

The purpose of the Portfolio Management process is to initiate and sustain necessary, sufficient and
suitable projects in order to meet the strategic objectives of the organization.

the authorities needed to establish selected projects. It performs continued assessment of projects to
confirm they justify, or can be redirected to justify, continued investment.

process commits the investment of adequate organization funding and resources, and sanctions
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The purpose of the Portfolio management process in ISO/IEC/IEEE 15288:2015, 6.2.3 applies as stated
to SoS with the following additions.

In this context, a "portfolio” refers to a collection of projects, not a collection of CS or SoS.

Portfolio Management for organizations involved with SoS should address (to the extent possible,
depending on the type of SoS management arrangements): 1) prioritization of SoS operational needs
within the constraints of known and future changes to the CS and limited resources, 2)assignment of
resources to SoS projects to meet the prioritized operational needs, and 3) consideration of the best

phasing and sequencing of capability delivery and system changes to get the best outcome-f¢r SoS
stakeholders.

6.2.4.2 Outcomes

The outcomes of the Portfolio management process in ISO/IEC/IEEE 15288:2015,6.2.3 apply as ptated
in the boxes with the following additions:

a) Business venture opportunities, investments or necessities are qualified and prioritized.

Because the contribution of a CS to the SoS exceeds what the CS needs'to address its own stakehglders,
the business venture opportunities, investments, and necessities.could have been under or inconrectly
qualified and prioritized. Depending on operational and managérial independence, the apprgaches
to qualifying and prioritizing could be different. For example, if the SoS governance does not have
any ability to direct, then the influence to achieve the SOS capabilities needs to be created thfrough
understanding and communicating the mutual benefits  ithin the SoS and its stakeholders, as well as
the CS and their stakeholders. Disincentives should bé:addressed and minimized where possible.

b) Projects are identified.

Organizations managing a portfolio of prjects could identify and decide to include SoS projdcts in
their portfolios. In SoS context, the term™'program” could be used instead of "project." Depend|ng on
operational and managerial independence, SoS projects would not directly manage resources in each
CS project. Organizations involved,with SoS could create projects to evolve and change the $oS to
meet changing objectives or capability shortfalls. These projects could create new CS, modify ¢xtant
CS, add new SoS elements, sustain extant SoS elements or address broad issues that are purely|[at the
SoS level such as exploring-options, developing roadmaps, defining standards, assessing performance
or performing testing~Some SoS projects could include combinations of the above. Because S¢S can
contain system elements in addition to CS, resources and budgets to support those elements copld be
needed, regardless.ofthe resources and budgets for the CS.

c) Resources and budgets for each project are allocated.

Depending on the degree of operational and managerial independence, additional resourcegs and
budgets could be needed to support an SoS beyond what was needed for the CS. The accounting for
these resources and budgets could be different from the CS. Within an SoS, the resources and Qudget
needed to implement new CS capabilities are estimated. Depending on the organizational arrangément,

resources and budgets can be allocated from the SoS or by the CS owners.

d) Project management responsibilities, accountability, and authorities are defined.

Outcome applies as stated to SoS.

e) Projects meeting agreement and stakeholder requirements are sustained.
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Depending on the degree of managerial and operational independence, organizations should consider
that other organizations participating in the SoS could choose to sustain or not sustain projects
regardless of whether agreements and stakeholder requirements are being met.

f) Projects not meeting agreement or satisfying stakeholder requirements are redirected or
terminated.

Depending on the degree of managerial and operational independence, organizations should consider

that other organizations participating in the SoS could redirect or terminate projects associated with
CS without consideration of SoS stakeholder requirements and vice versa. SoS could terminate projects
affectjng the use of CS if the CS don't meet SoS needs. Likewise, CS could terminate participation in‘SoS
that dpn't meet CS needs.

g) Projects that have completed agreements and satisfied stakeholder requirements afe, closed.

Additfonal or different criteria could be needed to assess whether projects have compléted agreements
and sdtisfied SoS and CS stakeholder requirements.

6.2.5| Human resource management process

6.2.5. Purpose

The ppirpose of the Human resource management process in ISQ/1EC/IEEE 15288:2015, 6.2.4 is shown
in the|box.

The |purpose of the Human Resource Management process is to provide the organization with
necessary human resources and to maintain their commpetencies, consistent with business needs.

This|process provides a supply of skilled and experienced personnel qualified to perform life cycle
procgsses to achieve organization, project, and-stakeholder objectives.

The ppirpose of the Human resource mandgement process in ISO/IEC/IEEE 15288:2015, 6.2.4 applies as
stated to SoS with the following addition:

Humaln resources for an SoS are.those which address the activities/processes distinct from the CS
procegses. They could be provided by a separate engineering team and/or could be done cooperatively
with the CS teams.

6.2.5.2 Outcomes

a) Pkills required by projects are identified.

Skills required by SoS projects differ from other types of skills needed for CS. For example, within an SoS
wherg CS collaborate or are managerially independent, skills related to influence instead of direction

could lbbeZespeciallyimportant.The SoS-organization-if there is one-should-identifyv anv specific pool
I r J | ts) 4 4 TEEEEOEEE J J r r

of expertise needed to maintain that SoS. These skills could reside within a CS organization. If so,
their value to the SoS should be recognized by the CS. Alternatively, these skills could be developed
separately from the CS organizations.

b) Necessary human resources are provided to projects.

Where there is an SoS authority, this organization’s owners provide needed personnel, while the CS
owners provide needed personnel for their CS.
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c) Skills of personnel are developed, maintained or enhanced.

Outcome applies as stated to SoS.

d) Conflicts in multi-project resource demands are resolved.

Because the means for assessing the return on investment in an SoS project is immature, care,should be
taken when resolving conflicts related to resource demands. In some types of SoS, negotiation befween
CS can help resolve conflicts over resource demands, especially when resources are-net centrally
managed or controlled. Because the impact of resources on the SoS and CS could be undlgar, care ghould
be taken when resolving conflicts related to resource demands.

6.2.6 Quality management process

6.2.6.1 Purpose

The purpose of the Quality management process in ISO/IEC/IEEE 15288:2015, 6.2.5 is shown in tHe box.

The purpose of the Quality Management process is to-~assure that products, services|and
implementations of the quality management process dmneet organizational and project quality
objectives and achieve customer satisfaction.

The purpose of the Quality management processyin ISO/IEC/IEEE 15288:2015, 6.2.5 applfes as
stated to SoS.

6.2.6.2 Outcomes

The outcomes of the Quality management process in I[SO/IEC/IEEE 15288:2015, 6.2.5 apply as stdted in
the boxes with the following additions:

a) Organizational quality. management policies, objectives, and procedures are defined|and
implemented.

A quality managementapproach is established for SoS with a focus on the key elements of the SoSwhich
impact SoS capability’including the interactions among the CS and the end to end data and contrql flow
across the CS and.other SoS elements. SoS will typically depend on the CS for quality managenient of
the CS. Depending on the degree of managerial independence, there could be some variation [in the
managementof quality by the CS, ranging from highly prescriptive across all CS to completely abgent in
some CS~0rganizations participating in an SoS should adjust their policies, objectives, and procgdures
to aceenrimodate these realities and mitigate any associated risks.

b) Quality evaluation criteria and methods are established.

SoS quality evaluation criteria are developed with a specific focus on the SoS capabilities and as a
result, additional or different quality evaluation criteria and methods could be needed for organizations
participating in an SoS. An alignment approach could be needed to achieve the integrated SoS goals in
the presence of variable quality systems. Depending on the degree of managerial independence, it could
be difficult to establish criteria for integrated process performance.

c) Resources and information are provided to projects to support the operation and monitoring of
project quality assurance activities.
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In SoS, there could be resources available from the SoS organization (if one exists), otherwise CS quality
management activities should address SoS quality management.

d) Quality assurance evaluation results are gathered and analyzed.

Depending on the degree of managerial independence, there could be some variation in the ability to
obtain evaluation results from the SoS itself or from individual CS.

e) (Quality management policies and procedures are improved based upon project and
prganizational results.

NOTE These outcomes have been written to align with subclause 4.1 , General Requiremeénts, of
ISO 9001:2008. Refer to subclause 4.1 ISO 9001:2008 for information to establish a completeQuality
Manggement System.

Organlizations participating in an SoS should adjust their policies, objectives, and proéedures to mitigate
the chiallenges associated with the degree of managerial and operational independence of the CS.

6.2.7 | Knowledge management process

6.2.7.t Purpose

The purpose of the Knowledge management process in ISO/IECAEEE 15288:2015, 6.2.6 is shown in
the bgx.

The purpose of the Knowledge Management process is to‘ereate the capability and assets that enable
the qrganization to exploit opportunities to re-apply-existing knowledge.

Thislencompasses knowledge, skills, and knowledge assets, including system elements.

The purpose of the Knowledge management-process in ISO/IEC/IEEE 15288:2015, 6.2.6 applies as
stated to SoS.

6.2.7.2 Outcomes

The outcomes of the Knowledge) management process in ISO/IEC/IEEE 15288:2015, 6.2.6 apply as
stated in the boxes with the following additions:

a) Ataxonomy for the\application of knowledge assets is identified.

CS will have their,6wn taxonomies and knowledge assets for their systems. The CS can collaborate or
the SdS can define SoS-specific knowledge assets needed to align or map these to the knowledge assets
for th¢ CS aseeded.

b) he’organizational knowledge, skills, and knowledge assets are developed or acquired

Organizational knowledge, skills, and knowledge assets could be developed or acquired by different
organizations, particularly for different CS. SoS knowledge also needs to be gained. SoS knowledge
assets could need to survive the individual CS, especially as CS enter or leave the participation in the SoS.

c¢) The organizational knowledge, skills, and knowledge assets are available.

Part of the organizational knowledge, skills, and knowledge assets corresponding to the SoS could be
distributed across different organizations, including those responsible for CS. In addition, part of the

© ISO/IEC 2019 - All rights reserved
22 © IEEE 2019 - All rights reserved


https://standardsiso.com/api/?name=0f68c863b7e95f8e3dd5c4d486539476

ISO/IEC/IEEE 21840:2019(E)

organizational knowledge, skills, and knowledge assets corresponding to the SoS could be common

knowledge across two or more organizations related to the SoS and its CS.

d) Knowledge management usage data is gathered and analyzed.

Outcome applies as stated to SoS.

6.3 Technical management processes

6.3.1 General

ISO/IEC/IEEE 15288:2015, 6.3 contains general information on the application of system life
technical management processes to a system as shown in the box.

cycle

The Technical Management Processes are used to establish and evolve plars;‘to execute the p
to assess actual achievement and progress against the plans and to control execution throug
fulfillment. Individual Technical Management Processes may be invoked at any time in the life
and at any level in a hierarchy of projects, as required by plans or unforeseen events. The Tech
Management Processes are applied with a level of rigor and formality that depends on the risk
complexity of the project.

The scope of a technical management process is the techmical management of a project o
products, to include the system.

NOTE This set of technical management processes are performed so that system-specific tech
processes can be conducted effectively. They do not comprise a management system or a comprehensive
processes for project management, as that is not the scope of this standard.

The Technical Management Processes consist of the following:

a) Project Planning process;

b) Project Assessment and Controel process;

c) Decision Management process;

d) Risk Management process;

e) Configuration Management process;

f) InformationManagement process;

g) Measurement process;

h) Quality Assurance process.

Project Planning and Project Assessment and Control are key to all management practices. T|
processes establish the general approach for managing a project or a process. The other procg
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in this group provide a specific focused set of tasks for performing to a specialized manage

ment

applied in the performance of services.

objective. They are all evident in the management of any undertaking, ranging from a complete
organization down to a single life cycle process and its tasks. In this International Standard, the
project has been chosen as the context for describing processes. The same processes can also be

ISO/IEC/IEEE 15288:2015, Annex G contains general information on the application of system life cycle

processes to an SoS. Details of Technical management processes in ISO/IEC/IEEE 15288, G.3
shown in the box.
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resources and assets allocated by organization management and with applying them to fulfill the

projects, in particular to planning in terms of cost, timescales and achievements; to the checking of
actions for compliance with plans and performance criteria; and to the identification and selection
of corrective actions that recover shortfalls in progress and achievement. They are used to establish

consfituent systems. Technical Management Processes are applied to the particular considefations

exisfing and new systems into a system of systems capability. In parallel, the constituent systems
orgaphizations retain responsibility for engineering their systems and for their own Technical

For ¢onfiguration management for instance, constituent systems manage.their own configurations

development or upgrade schedule that differs from the schedules of other constituent systems. The

withlincremental capabilities added among the constituent systems.

typical system-of-interest, Technical Management Processes are concerned with managing the

ements into which the organization or organizations enter. They relate to the management of

perform technical plans for the project, manage information across the technical team, assess
nical progress against the plans for the system products or services, control technical tasks

1gh to completion, and to aid in the decision-making process (subclause 6.3).

Technical Management Processes are also implemented at the level of the SoS and that ofjthe

S engineering - planning, analyzing, organizing, and integrating the capabilities ofya’mix of

hgement Processes.

SoS organization addresses the Technical Management process as theyqapply across the SoS,
e the processes are also implemented independently in the constituent’system organizations.

e the SoS addresses configuration management as it applies to the mix-0f systems in the SoS. Risk
hnaged by the constituent systems based on assessment of risk.as’it applies to their outcomes
e the SoS risk management looks at risk to the SoS.

hing and Assessment and Control are key to all management practices (subclause 6.3; page
h key challenge in systems of systems engineering is the lack of control by the SoS organization
the processes for the constituent systems (particularly for acknowledged and collaborative
Driven by their own organizational requirementsZeach of the constituent systems may be on a

pbrganization must plan an integrated life cycle*that recognizes the independent changes in the
tituent systems, in addition to the SoS-initiated changes in a life cycle that treats the SoS as the
This often involves the definition of stable intermediate forms that punctuate the SoS evolution

The Technical management processes-description from ISO/IEC/IEEE 15288 applies as stated to SoS
with the following addition.

6.3.2

6.3.2.
The p

Project planning process

I Purpose

irpose of thé®roject planning process in ISO/IEC/IEEE 15288:2015, 6.3.1 is shown in the box.

The
plan

This
proc

achievement criteria, and required resources to accomplish tasks. This is an on-going process that
continues throughout a project, with regular revisions to plans.

NOTE The strategies defined in each of the other processes provide inputs and are integrated in the
Project Planning process. The Project Assessment and Control process is used to assess whether the plans are
integrated, aligned, and feasible.

purpose of the Project Planning process is to produce and coordinate effective and workable

D.

process determines the Scope of the project management and tecnnical activities, tdentifies
ess outputs, tasks and deliverables, establishes schedules for task conduct, including

The purpose of the Project planning process in ISO/IEC/IEEE 15288:2015, 6.3.1 applies as stated to SoS
with the following addition.
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SoS governance/management organizations could create projects to evolve and change the SoS to meet
changing objectives or capability shortfalls. These projects could create new CS, modify extant CS,
add new SoS elements, sustain extant SoS elements or address broad issues that are purely at the SoS
level such as exploring options, developing roadmaps, defining standards, assessing performance or
performing testing. Some SoS projects could include combinations of the above.

6.3.2.2 Outcomes

Tha outcomac aftha Praoiact nlanninag nraocacc 1n ICO/IEC/IEEERE 18299.201C £ 2 1 annlvy ac ctatad ln the
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boxes with the following additions:

As aresult of the successful implementation of the Project Planning process to an SoS:

a) Objectives and plans are defined.

SoS planning builds upon and influences the planning of its CS and system’elements. Depending on
the degree of governance and managerial independence within the SoS,<agreement approaches for
conflicting objectives, as well as approaches to anticipate, prevent, or/react to the effects of €S not
achieving or ceasing to achieve their individual objectives (i.e. abandoninent or exile), should be d¢fined.
Publishing roadmaps can be used to influence the objectives and plans'of potential CS.

b) Roles, responsibilities, accountabilities, authorities are defined.

SoS planning includes defining the roles responsibilities-and authorities of the SoS organization (}f any)
as well as CS organizations in the SoS plans. Depending on the degree of governance and mandgerial
independence, specific CS agreement and enforcement approaches should be defined as part jof the
large set of SoS agreements. In addition, plans fordnterim responsibilities or processes to define ifgterim
responsibilities should be defined to cope with*the effects of CS not achieving or ceasing to achievg their
individual objectives (e.g. higher CS priorities;abandonment or exile).

c¢) Resources and services necessary to achieve the objectives are formally requested|and
committed.

In SoS, resources could be available from the SoS organization (if one exists); otherwise, CS pldnning
activities should address..SeS Planning. Depending on the degree of governance and mandgerial
independence, necessary resources and services should be agreed and committed instead of reqyiested
and committed.

d) Plans for the execution of the project are activated.

Outcome applies as stated to SoS.

6.3.3> Project assessment and control process

L= D 14 D
U.Jd.J. L Ul pustc

The purpose of the Project assessment and control process in ISO/IEC/IEEE 15288:2015, 6.3.2 is shown
in the box.
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This

The purpose of the Project Assessment and Control process is to assess if the plans are aligned and
feasible; determine the status of the project, technical and process performance; and direct execution
to help ensure that the performance is according to plans and schedules, within projected budgets,
to satisfy technical objectives.

requirements, plans and overall business objectives. Information is provided for management action
when significant variances are detected. This process also includes redirecting the project activities

process evaluates, periodically and at major events, the progress and achievements against

and [tasks, as appropriate, to correct identified deviations and variations from other technical
manpgement or technical processes. Redirection may include re-planning as appropriate.

The ppirpose of the Project assessment and control process in ISO/IEC/IEEE 15288:2015, 6.3:2.applies
as stated to SoS with the following additions.

In the

context of SoS, "direct execution" could be better understood as coordination, cellaboration, and

influepcing.

6.3.3.2 Outcomes

The optcomes of the Project assessment and control process in ISO/IEC/IEEE 15288:2015, 6.3.2 apply
as stated in the boxes with the following additions:

As a result of the successful implementation of the Project Assessment'and Control process to an SoS:

a) Performance measures or assessment results are available.

Outcome applies as stated to SoS.

b) Adequacy of roles, responsibilities, accountabilities, and authorities is assessed.

Deper
enfor

ding on the governance and managerial independence of the SoS, adequacy of agreements and
ement approaches should be assessed-as well.

c) |

A\dequacy of resources is assessed.

Outco|

me applies as stated to §oS:

d)

[echnical progress.feviews are performed.

Deper
reviey
witho

ding on the‘gevernance independence of the SoS, it might not be possible to perform technical
vs of some,@f the CS, or part of them. However, it can be possible to conduct “proxy” reviews (i.e.,
ut the €S.owner present), but there could be little opportunity for any easy corrective action for

any identified shortcomings.

e)

eviations in project performance from plans are investigated and analyzed.

Outcome applies as stated to SoS.

f) Affected stakeholders are informed of project status.

Outcome applies as stated to SoS.

g) Corrective action is defined and directed, when project achievement is not meeting targets.
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Depending on the governance independence of the SoS, corrective action should be agreed upon
between the governing and managing authorities of each CS, and collaboratively decided and executed
instead of directed.

h) Project replanning is initiated, as necessary.

Outcome applies as stated to SoS.

i) Project action to progress (or not) from one scheduled milestone or event to the @ejt is
authorized.

Depending on governance and managerial independence of the SoS, action to progress (0r'not) could be
agreed, recommended, or incentivized/penalized instead of authorized. SoS plans)should be adjusted
based on the current and planned states of the CS.

j)  Project objectives are achieved.

Outcome applies as stated to SoS.
6.3.4 Decision management process

6.3.4.1 Purpose

The purpose of the Decision management process in ISO/IEC/IEEE 15288:2015, 6.3.3 is shown in the box.

The purpose of the Decision Management preeéss is to provide a structured, analytical framework
for objectively identifying, characterizing and evaluating a set of alternatives for a decision af any
point in the life cycle and select the most béneficial course of action.

NOTE 1 This process is used to resol¥e technical or project issues and respond to requests for decisions
encountered during the system life cycle, in order to identify the alternative(s) that provides the prefg¢rred
outcomes for the situation. The methods most frequently used for Decision Management are the trade §tudy
and engineering analysis. Each 0f the alternatives is assessed against the decision criteria (e.g., cost infpact,
schedule impact, programmatic constraints, regulatory implications, technical performance characteristics,
critical quality characterjstics, and risk). Results of these comparisons are ranked, via a suitable selection
model, and are then used_to decide on an optimal solution. Key study data, (e.g., assumptions and dedision
rationale) are typicallysmaintained to inform decision-makers, and support future decision-making.

NOTE 2  When,itis necessary to perform a detailed assessment of a parameter for one of the criterig, the
System Analysisprocess is employed to perform the assessment.

The purpose of the Decision management process in ISO/IEC/IEEE 15288:2015, 6.3.3 appllies as
stated\te/SoS.

6.3:4.2 Outcomes

The outcomes of the Decision management process in ISO/IEC/IEEE 15288:2015, 6.3.3 apply as stated
in the boxes with the following additions:

As aresult of the successful implementation of the Decision Management process to an SoS:

a) Decisions requiring alternative analysis are identified.

For SoS, decisions can affect multiple CS, so CS should be engaged in both the decision and analysis
processes along with the SoS. There can be impacts on the CS which are beyond the purview of the SoS.
Because of the constraints placed by existing CS, exploration of solutions could yield a higher variation in
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alternatives than is expected for systems. Further, depending on the managerial independence of the CS,
evaluation of technically viable alternatives could be not feasible due to individual objectives of the CS.

b) Alternative courses of action are identified and evaluated.

Depending on the managerial independence of the CS, evaluation of alternatives could be not feasible
due to individual objectives of the CS. As a result, exploration of solutions could yield a higher variation
in alternatives that is usually accustomed for systems.

c) A preferred course of action is selected.

Deperjding on the governance independence of the SoS, the notion of “preferred course of actiph” could
be meaningless. Instead, the expected outcome could be an agreed or an incidental course.oPaction or
selectjon of alternative system.

d) The resolution, decision rationale and assumptions are identified.

Deperjding on the SoS strength of governance, the identification of the “reselution, decision rationale
and agsumptions” could range from stated and documented to implied.

6.3.5| Risk management process

6.3.5. Purpose

The ppirpose of the Risk management process in ISO/IEC/IEEE 15288:2015, 6.3.4 is shown in the box.

The purpose of the Risk Management process is to‘identify, analyze, treat and monitor the risks
contjnually.

The Risk Management process is a continualprocess for systematically addressing risk throughout
the life cycle of a system product or seryice. It can be applied to risks related to the acquisition,
development, maintenance or operation'ef a system.

NOT Risk is defined in ISO Guide 73:2009 as "The effect of uncertainty on objectives". This has an
attaghed NOTE 1, "An effect is a déviation from the expected — positive and/or negative." A positive risk is
somdtimes commonly known as an/opportunity, and addressed within the risk management process.

The p]lrpose of the Risk majragement process in ISO/IEC/IEEE 15288:2015, 6.3.4 applies as stated to SoS.

6.3.5.2 Outcomes

The ofitcomes ©fthe Risk management process in ISO/IEC/IEEE 15288:2015, 6.3.4 apply as stated in the
boxes|with the*following additions:

As a resudtof the successful implementation of the Risk Management process to an SoS:

a) Risks are identified.

Risks faced by the SoS could be different from those faced by the CS. SoS risks could result from several
CS that do not have the risk individually.

b) Risksare analyzed.

SoS risks could require analysis of the network of interoperating CS.
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c¢) Risktreatment options are identified, prioritized, and selected.

Depending on the governance independence of the SoS, prioritization and selection could be impossible.
Instead, risk treatment options and their planned implementation should be agreed upon or
recommended. Their incidental execution as a byproduct of the actions of the projects developing the
CS should be monitored. CS incentives could be needed to facilitate proper treatment of SoS risks.

4y Appropriate treatment 1S implemented.

Depending on the governance independence of the SoS, enforcing the implementation of risktregtment
could be not feasible. Outcome applies as stated to SoS.

e) Risks are evaluated to assess changes in status and progress in treatment.

Outcome applies as stated.
6.3.6 Configuration management process

6.3.6.1 Purpose

The purpose of the Configuration management process in JSO/IEC/IEEE 15288:2015, 6.3.5 is shqwn in
the box.

The purpose of Configuration Management (CM).is' to manage and control system elementq and
configurations over the life cycle. CM also manages consistency between a product and its assoclated
configuration definition.

The purpose of the Configuration management process in ISO/IEC/IEEE 15288:2015, 6.3.5 applies as
stated to SoS.

6.3.6.2 Outcomes

The outcomes of the Configuration management process in ISO/IEC/IEEE 15288:2015, 6.3.5 apply as
stated in the boxes withthefollowing additions:

As a result of the sueeessful implementation of the Configuration Management process to an SoS:

a) Items requiring configuration management are identified and managed.

SoS configuration management focuses on those elements which specifically relate to the SoS,|while
the CS¥etain configuration management of the details of their systems. SoS configuration items ificlude
CS, and system elements, SoS functions allocated to the CS, interfaces between each CS and cfirrent
protocols used to support each interface.

b) Configuration baselines are established.

The establishment of baselines for the SoS is dependent on the SoS classification and what, if any,
agreements are in place. While cooperation from CS is helpful, it is not always possible, especially in
loosely organized SoS. It could be possible to baseline or define compatibility across elements, e.g., CS1
version A is compatible with CS2 version B or C, and potentially include or encourage individual system
features within the SoS to disallow interaction between elements which are not compatible.
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c) Changes to items under configuration management are controlled.

In the

context of SoS, “controlled” means monitored and recorded, not that there is control exercised

into approving/rejecting/implementing the change itself.

Depending on the degree of managerial independence, changes to items under configuration
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PETTIENT UNTQEr tE COMtror of ONe CS Toutd be UNControtted from the perspective of another €Sor

S.

ding on the type of SoS there can be configuration management of some aspects and attributes
CS (e.g., defense systems subject to certification of interoperability of some interfaces:needed
S) but not all CS attributes. These attributes themselves can establish a baseline from the SoS
bf view. If an interface specification is a part of a baseline and is used by a number 6f CS, upwards
itibility should be considered for each of the CS when the specification is chaiged. Failure to
'm to that baseline could render the CS unable to participate in the SoS (e.g. défense platforms not
hg the interoperability criteria cannot participate in certain operations where the SoS features
cessary).

d)

Configuration status information is available.

Outco

e applies as stated to SoS.

e)

Required configuration audits are completed.

Outco|

me applies as stated to SoS.

f)

bystem releases and deliveries are controlle@and approved.

Deper
be inf]
Forma
be cor

6.3.7

ding on the governance independence of the SoS, formal releases and deliveries of the SoS could
casible or not exist. Rather, they could occur incidentally, as its CS are released and delivered.
| releases and deliveries of systéem*elements, and interfaces, which are specific to the SoS should
trolled separately depending on the SoS management and governance.

Information management process

6.3.7.1. Purpose

The p
the bg

rpose of the)lnformation management process in ISO/IEC/IEEE 15288:2015, 6.3.6 is shown in
X.

The
reta

purpose of the Information Management process is to generate, obtain, confirm, transform,
nsretrieve, disseminate and dispose of information, to designated stakeholders.

Information management plans, executes, and controls the provision of information to designated
stakeholders that is unambiguous, complete, verifiable, consistent, modifiable, traceable, and
presentable. Information includes technical, project, organizational, agreement, and user
information. Information is often derived from data records of the organization, system, process, or
project.

The p

urpose of the Information management process in ISO/IEC/IEEE 15288:2015, 6.3.6 applies as

stated to SoS.
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6.3.7.2 Outcomes

The outcomes of the Information management process in ISO/IEC/IEEE 15288:2015, 6.3.6 apply as

stated in the boxes with the following additions:

As aresult of the successful implementation of the Information Management process to an SoS:

a) Information to be managed is identified.

The types of information to be managed can relate to the SoS itself, the governance of the SoS-a
CS. SoS information management should be clearly defined and agreements made with the'CS,
possible, to share the needed information.

nd the
iwhere

b) Information representations are defined.

Representations of data should be negotiated and mapped; conversion$/necessary to translate

information from the CS to the SoS should be defined.

¢) Information is obtained, developed, transformed, stored, validated, presented, and disposed of.

SoS should respectindividual CS confidentiality, security, and IR.ownership, especially when agree
are informal or absent.

Inents

d) The status of information is identified.

Outcome applies as stated to SoS.

e) Information is available to designated;stakeholders.

For an SoS, this could include the organizations of the CS. Some information from CS might 1
available to SoS stakeholders or other CS stakeholders. Consideration should be given to availabi
SoS information to individual CS;-as this could be the primary means to influence CS behaviors.

6.3.8 Measurement process

6.3.8.1 Purpose
The purpose ofthe Measurement process in ISO/IEC/IEEE 15288:2015, 6.3.7 is shown in the box.

ot be
lity of

The purpose of the Measurement process is to collect, analyze, and report objective datal and
information to support effective management and demonstrate the quality of the products, seryices,
and processes.
The purpose of the Measurement process in ISQ/IEC/IEEE 15288:2015_6.3.7 applies as stated to BoS.
6.3.8.2 Outcomes
The outcomes of the Measurement process in ISO/IEC/IEEE 15288:2015, 6.3.7 apply as stated in the
boxes with the following additions:
As aresult of the successful implementation of the Measurement process to an SoS:
a) Information needs are identified.
© ISO/IEC 2019 - All rights reserved
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Information needs of both the SoS and the CS necessary for CS participation in the SoS are identified.
Information needs of the CS, not needed by the SoS, are covered by ISO/IEC/IEEE 15288. Where possible,
SoS and CS needs should be aligned to minimize the effects of SoS measurement on the CS.

b) An appropriate set of measures, based on the information needs are identified or developed.

Depending on the level of managerial and governance independence of the SoS and the CS, the set of
measures should include secondary or non-nominal measures that can be used as alternative to primary

or nothinal measures to provide insight into understanding the effects of CS which are not achieving or,
have g¢eased to achieve their individual objectives (i.e. abandonment or exile). The definition of thése
measyres can be accompanied by a description of the impact on the performance or capability of\each
CS, if gpplicable, and of the overall SoS.

c) Required data is collected, verified, and stored.

Deperjding on the level of managerial and governance independence of the SoS and the CS, collection,
verifi¢ation, and storage of data might not be possible. Alternative processes should be defined, such as
sharing or mirroring (instead of data collection), approaches for providing £rustworthiness (instead
of verjfication), and conditions related to data access, e.g., access right expiration (instead of storage).
Additfonal CS or SoS elements could also be added to assist the monitoring-ef the SoS.

d) The datais analyzed and the results interpreted.

Outcome applies as stated to SoS.

e) Information items provide objective information that support decisions.

Deperlding on the governance independence of-the SoS, information provided by each CS could
be supjective. In some cases, information items$ provide information according to pre-established
agreements within the SoS that support decisions.

6.3.9 | Quality assurance process

6.3.9.1 Purpose
The plirpose of the Quality assurance process in [SO/IEC/IEEE 15288:2015, 6.3.8 is shown in the box.

The [purpose of the Quality Assurance process is to help ensure the effective application of the
organization’s Quality Management process to the project.

Quality Assurance focuses on providing confidence that quality requirements will be fulfilled.
Prodctive analysis of the project life cycle processes and outputs is performed to assure that the
productdeing produced will be of the desired quality and that organization and project policies and
proceduyres are followed.

The purpose of the Quality assurance process in ISO/IEC/IEEE 15288:2015, 6.3.8 applies as stated to SoS.

6.3.9.2 Outcomes

The outcomes of the Quality assurance process in ISO/IEC/IEEE 15288:2015, 6.3.8 apply as stated in
the boxes with the following additions:

As a result of the successful implementation of the Quality Assurance process to an SoS:
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a) Project quality assurance procedures are defined and implemented.

Depending on the governance independence of the SoS, quality assurance procedures for the SoS should

be defined and implemented. Definition should include anticipated deviations at the CS that

could

result from non-resolvable conflicts between independently governed CS. In addition, the procedures
should also include the provisions necessary for the SoS to cope with incidents not resolved by one or

more of its CS.

b) Criteria and methods for quality assurance evaluations are defined.

Depending on the governance independence of the SoS, criteria and methods for quality asst
evaluations should be agreed upon. This agreement should identify i) the actors responsible for che
conformance to criteria, ii) the actors responsible for executing the methods, ang,(iii) the informn
data, and assumptions of each CS in relation to the planned evaluations.

rance
ecking
ation,

c¢) Evaluations of the project’s products, services, and processes are_performed, consistent with
quality management policies, procedures, and requirements.
Outcome applies as stated to SoS.
d) Results of evaluations are provided to relevant stakeholders.
Outcome applies as stated to SoS.
e) Incidents are resolved.
Depending on the governance independenceof the SoS, incident resolution (including decision to resolve

the issue) could need to be agreed upon between the governing and managing authorities of each|
some cases, incidents will be handled.separately by each CS, without agreement between them.

CS.In

f) Prioritized problems are treated.

Depending on the governance independence of the SoS, problem treatment, as well as definitfion of

priorities, should be agreed upon between the governing and managing authorities of each CS.
6.4 Technical processes

6.4.1 General

[SO/IEC/JEEE 15288:2015, 6.4 contains general information on the application of system life
technical processes to a system as shown in the box.

cycle

Tl T, | P 1D dafs +la Ry oot L1l H 43 A | 3 £ £
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to optimize the benefits and reduce the risks that arise from technical decisions and act
These activities enable products and services to possess the timeliness and availability, the

and environmental factors.

effectiveness, and the functionality, reliability, maintainability, producibility, usability and other
qualities required by acquiring and supplying organizations. They also enable products and services
to conform to the expectations or legislated requirements of society, including health, safety, security

tions
ions.
cost
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The
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
1)
m)

n)

requ

solut]
itera

thes

outc

NOT]
are g

Proc

NOTE1 For software and hardware system elements,these processes are applied at recursively lower
level$

analysis, integration, verification and validation.
NOTE 2  These processes are often performéd-concurrently, iterating between one another to establish a
chardcteristics. At any level of abstraction, system requirements and models are made consistent via

impl¢mented, the same processes arewepeated recursively at a more detailed level, e.g., the next lower level of

NOTE 3  The concept of life,cycle stages and the application of these processes in any stage are described
in defail in ISO/IEC TR 24748-1 (IEEE Std 24748-1-2011). It has a complete set of example stages and stage

speclfic view efithe processes and system. See Annex E of this standard for an example Interface Management

Technical Processes consist of the following:

Business or Mission Analysis process;

Stakeholder Needs and Requirements Definition process;
System Requirements Definition process;

Architecture Definition process:

Design Definition process;
bystem Analysis process;
mplementation process;
ntegration process;
Verification process;
[ransition process;
Validation process;
Dperation process;
Maintenance process;
Disposal process.

for system definition and recursively higher levels:for system realization for stakeholder needs and
rements definition, system requirements definition, architecture definition, design definition, system

on that is balanced with respect to requirements, critical performance measures, and critical quality
ions of applicable technical processes. When requirements and models are not directly capable of being

ystem hierarchy.

mes for the enactment of technical processes within a system life cycle.

L4 Interfaée'Managementis a set of activities that cut across the systems engineering processes. These
ross-cuttingyactivities of the Technical and Technical Management processes that apply and track as a

pss Viewrand the INCOSE Systems Engineering Handbook, Version 4, section 9.6 for more information.

ISO/IECHAEEES 5 88:201 5 Annex—G—contains—genera-informationon—theapplcationof system-life
cycle processes to an SoS. Details of Technical processes in ISO/IEC/IEEE 15288:2015, G.3.5 are shown
in the box.

Technical Processes are concerned with technical actions throughout the life cycle. They transform

the needs of stakeholders firstinto a product and then, by applying that product, provide a sustainable
service, when and where needed in order to achieve customer satisfaction. The Technical Processes
are applied in order to create and use a system, whether it is in the form of a model or is a finished
product, and they apply at any level in a hierarchy of system structure (Subclause 6.4).
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SoS and constituent systems; in some cases, the SoS implementation is by means of conduct o
constituent system processes rather than for the SoS as a whole.

Analysis for the systems of system and constituent systems will be largely shared. The objective
determine the best means to provide the desired capability.

As with the other processes when applied to SoS, Technical Processes are implemented for both the

Business or Mission Analysis for an SoS looks across the full SoS business and mission environment.
To the degree the constituent system was developed to operate in that space, the Business or Mission

f the

isto

Stakeholder Needs and Requirements Definition will focus on the top level SoS, but also con
how the disparate needs of the stakeholders for the individual systems may lead to constbain
the system of systems.

System Requirements Definition for the SoS tends to be defined at the level needed to s34
stakeholder needs and mission objectives, to be translated into requirements’ for the constit
systems with the SoS serving as "stakeholder" for new requirements for the ednstituent system

The Architecture for the SoS is a framework for organizing and integiating the capabilities
mix of existing and new systems into a SoS capability, leaving the architectures of the constit
systems to their organizations. Because the constituent systems in‘aw’SoS usually predate the
SoS Architecture Definition often begins with the de facto archifecture of the SoS. Architeq
alternatives are then examined in order to frame stakeholder concerns and meet top level systg
system requirements, and to recognize the effect of new regqiirements for the constituent sys
and accommodate the constituent system architecture costraints.

The Design Definition process provides sufficient detailed data and information to enable thg
implementation. This involves collaboration with the constituent systems who will conduct

own design trades to identify the approach to,address SoS requirements as they apply to

system. These are the responsibility of the constituent system organization and Implementatio
done by the constituent system with the SoS\organization in a monitoring role.

Integration, Verification, Transition, Validation are all done by the constituent systems fof
changes they implement to supportaequirements generated by the SoS. These processes also 3
to the SoS when the upgraded constituent systems are integrated into the SoS and performan
verified and validated. The independent and asynchronous nature of constituent systems in ar
pose challenges to effective.implementation of these processes as implemented in a traditional

which case precautiondry measures should be considered to avoid adverse SoS-behavior.

Finally, the Operations, Maintenance and Disposal Processes tend to be implemented by
constituent systems, given their management and operational independence. There may be SoS-
interactions tefacilitate those processes.

It may be that the SoS-level evaluations can only be performed in the operational environment, in

Sider
'S on

tisfy
uent

D.

of a
uent
SoS,
ture
m of
tems

SoS
their
their
isa

the
pply
ce 1S
SoS
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level

The Technical processes description from ISO/IEC/IEEE 15288 apply as stated with the foll
additjon.

The Technical processes are highly iterative and concurrent. In some cases, there could be “V

pwing

Faves”

0£’SoS revision. In other cases, SoS changes could occur continually, with many Technical pro

CEeSSeS

operating on a continuous basis to implement evolutionary change.

SoS Technical processes could be implemented by an SoS owner (if any) or by individual CS owners
based on their local, partial view of the SoS. In the latter case, new Collaboration and Competition

processes could apply.
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6.4.2 Business or mission analysis process

6.4.2.1 Purpose

The purpose of the Business or mission analysis process in ISO/IEC/IEEE 15288:2015, 6.4.1 is shown in
the box.

The purpose of the Business or Mission Analysis process is to define the business or mission problem

or ofjportunity, characterize the solution space, and determine potential solution class(es) that could
address a problem or take advantage of an opportunity:.

the drganizational Concept of Operations, strategic goals and plans, new market or mission €lements, and
identfified problems and opportunities. The organization's strategy establishes the context within which the
businjess or mission analysis is performed. The organizational Concept of Operations relatestothe leadership's
intenided way of operating the organization. It describes the organization’s assumptionsiand how it intends
to ude the system to be developed, existing systems, and possible future systems in support of an overall
operation or series of operations of the business. In the case that the organizatiou‘i§,the system-of- interest,
the ofganization’s strategy is part of the system definition.

NOTE 2  This process has application through the life of the system solution and is revisited if there are
changes in the environment, needs, or other drivers.

NOTE 3 In some domains, this relates to the concept of identifying and analyzing capabilities that are
needpd or desired by the organization. This process focuses on<the necessary capabilities and interacts
with|[the Portfolio Management process for identifying the trade'space that can address the capability. The
identfified problems or opportunities are often translated into target capabilities. As applicable within a given
domain, the problem or opportunity space includes the taxgét capabilities.

The phirpose of the Business or mission analysis.pprocess in ISO/IEC/IEEE 15288:2015, 6.4.1 applies as
stated to SoS with the following addition.

The bpisiness or mission analysis process-for SoS should address (to the extent possible, depending on
the type of SoS management arrangements):

a) definition of the SoS objectives and SoS target states(s), noting that these could be defined at
ultiple future times with yarying fidelity;
b) amalysis of the priorities,to address capability gaps;
c) analysis of potentiahdlternatives and courses of action to address SoS operational needs, taking
into account knewit plans for individual CS;
d) eyaluation.efithe SoS capacity to satisfy stakeholders.

6.4.2.2 Outcomes

Th 1t oftha Bucinace or smaicciogs ano lycic mrocace in ISOAEC/AIEER 162900.901C £ A 1
e 0 JUSTLG/ T T I9a00U. L Ud . T L

stated in the boxes with the following additions:

As a result of the successful implementation of the Business or Mission Analysis process to an SoS:

a) The problem or opportunity space is defined.

Problems and opportunities addressed by SoS are typically broader and more complex than those
addressed by systems, so the tasks related to defining them are typically described at a higher level
of abstraction and they tend to be more varied and likely also more complicated. These are typically
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characterized in terms of higher-level capability objectives which can serve as the bases for assessing

alternative approaches to address these capabilities.

b) The solution space is characterized.

The characterization of a solution space that involves an SoS will include the candidate CS, how each CS
supports the new problem or opportunity, and any constraints these CS could impose on the solution
space. Often, SoS capabilities are addressed by a set of existing systems. A logical starting point for

assessing the SoS solution space is to begin with the current systems and the way they are addrgssing
the SoS capabilities to understand current capability gaps and constraints. An SoS could be identified

as a potential solution class or classes due to the need to integrate with existing systems.

c) Preliminary operational concepts and other concepts in the life cycle stages arédefined.

Since many SoS consist of existing CS that already have operational and ofher concepts, the

SoS's

operational and other concepts could be constrained. The ability to change<r'influence these col:cepts

could vary depending on the degree of managerial independence and the flexibility or range of co
possible in the extant CS.

cepts

d) Candidate alternative solution classes are identified and analyzed.

By analyzing current SoS capabilities (if one exists), capability gaps can be identified, and the s¢urces

of these gaps provide the basis for identifying potential‘changes which could be made to impro
achievement of the objectives. The ability to identify candidate alternative solution classes is influ
by the depth and breadth of information about potential new and current CS, how they are u
address capability objectives, their interdependencies, and their ability to meet capability obje
Alternatives could include the use of CS in differént ways, additions of different or new CS or non-s|
systems elements, or changes in the functionality or capacity of SoS.

ve the
enced
sed to
Ctives.
ystem

e) The preferred candidate alternative solution class(es) are selected.

For SoS, multiple alternative solutions could be viable. Care should be taken to establish criteria for the

selection that addresses SoS and/CS constraints and other considerations.

f) Any enabling systéms or services needed for business or mission analysis are available.

Outcome applies as-stated to SoS.

g) Traceability of business or mission problems and opportunities and the preferred altern
solution classes is established.

htive

Outceme applies as stated to SoS.

Vo, s ) Cal Jocald | | : ' Aol i
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6.4.3.1 Purpose

The purpose of the Stakeholder needs and requirements definition process in ISO/IEC/IEEE 15288
6.4.2 is shown in the box.
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The purpose of the Stakeholder Needs and Requirements Definition process is to define the
stakeholder requirements for a system that can provide the capabilities needed by users and other
stakeholders in a defined environment.

It identifies stakeholders, or stakeholder classes, involved with the system throughout its life
cycle, and their needs. It analyzes and transforms these needs into a common set of stakeholder
requirements that express the intended interaction the system will have with its operational
environment and that are the reference against which each resulting operational capability is

validated. The stakeholder requirements are defined considering the context of the system-of-
interjest with the interoperating systems and enabling systems.

The pyirpose of the Stakeholder needs and requirements definition process in ISO/IEC/IEEE 15288:2015,
6.4.2 gpplies as stated to SoS with the following addition.

Deperlding on the type of SoS management arrangements, the stakeholder needs and réquirements
definifion process for SoS should address:

a) sglection/recommendation of new capabilities for inclusion in upgrades to eng or more CS;
b) identification of needs and requirements to resolve SoS issues in the extant SoS and CS.

c) cteation of new system elements.

6.4.3.2 Outcomes

The oyitcomes of the Stakeholder needs and requirements definition processin ISO/IEC/IEEE 15288:2015,
6.4.2 gpply as stated in the boxes with the following additions:

As a gesult of the successful implementation of the S€akeholder Needs and Requirements Definition
procegs to an SoS:

a) bPtakeholders of the system are identified:

For SqS, it is not always possible to identify all stakeholders, especially given that CS will continue to
have managerial and operational independence as well as interdependence. Stakeholders of the SoS as a
wholeland individual CS stakeholdérs should be considered. It is important to be cognizant of the key CS
stakerlder needs which could @lign or conflict with the SoS objectives, since these could constrain the
CS in making any changes to meet the need of the SoS.

The owner, maintainer, gperator, and data owner of any CS within the SoS could be stakeholders in the
SoS emgineering effort~Documenting these stakeholders is complicated given that a CS will continue
to haye managerialh and operational independence as well as interdependence. The difficulty in
maintpining thisglist does not eliminate the need for it. These roles should be addressed for each CS,
even if the preliminary information is vague.

b) Required characteristics and context of use of capabilities and concepts in the life cycle stages,

ncliding operational concepts, are defined

Understanding that each CS will have its own operational concepts and development lifecycles
that evolve independently, it is important to document where each system is within its lifecycle to
understand its potential role in the proposed SoS. Understanding CS lifecycles will serve to identify
potential injection points within the SoS lifecycle. There could be different “epochs” (periods of time)
where the specific CS vary and the SoS can achieve different/evolving capability. Identifying any of
these epochs or points in time (effectively different capability states) and any considerations relating to
the transition between them would be useful and provide a basis to identify the SoS "change" elements
that should be coordinated or encouraged.
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c¢) Constraints on a system are identified.

Constraints on the SoS should be identified since these impact options for SoS evolution. Because

many

SoS consist of CS that already exist, these CS could be a major source of constraints on the SoS since
typically they have their own objectives, lifecycle and stakeholders as well as their own constraints, all

of which could affect how much CS change is possible to support SoS needs.

) Staketotder needs are defined.

Because it is not always possible to identify all stakeholders, definition of stakeholder needs-is lil
be incomplete. The SoS should plan to accommodate emergent stakeholders and their néeds and
constraints they impose on SoS operation and evolution.

ely to
or the

e) Stakeholder needs are prioritized and transformed into clearly<defined stakehglder
requirements.
Because it is not always possible to identify all stakeholders and theéir-needs, prioritizing them and

transforming them into stakeholder requirements is likely to be incomplete. The needs of diffferent

stakeholders could conflict or be opposed to each other. CS needs could conflict with SoS needs. T
should plan to accommodate evolving stakeholder priorities andfliid requirements.

ne SoS

f) Critical performance measures are defined.

Critical performance measures should exist for the S¢S in addition to the CS. The critical measu
the CS necessary to support the SoS could be different from those necessary for CS.

es for

g) Stakeholder agreement that their needs and expectations are reflected adequately in
requirements is achieved.

the

Although SoS and CS stakeholdersishould strive for consensus, they could disagree on the
expectations, and requirements\for the SoS. Depending on the degree of managerial and oper3
independence, agreement might'not be required of all CS stakeholders for effective definition

needs,
tional
of the

SoS, but disagreement could\inhibit the CS’s integration into the SoS, or it could cause the SoS to identify

alterative architecture of design options to meet the SoS capability objectives.

h) Any enabling sy5tems or services needed for stakeholder needs and requirements are avail

hble.

Outcome applies as stated to SoS.

i) Traceability of stakeholder requirements to stakeholders and their needs is established.

Outcome applies as stated to SoS.

6.4.4 System requirements definition process

6.4.4.1 Purpose

The purpose of the System requirements definition process in ISO/IEC/IEEE 15288:2015, 6.4.3 is shown

in the box.
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The purpose of the System Requirements Definition process is to transform the stakeholder, user-
oriented view of desired capabilities into a technical view of a solution that meets the operational
needs of the user.

This process creates a set of measurable system requirements that specify, from the supplier’s
perspective, what characteristics, attributes, and functional and performance requirements the
system is to possess, in order to satisfy stakeholder requirements. As far as constraints permit, the
requirements should not imply any specific implementation.

The ppirpose of the System requirements definition process in ISO/IEC/IEEE 15288:2015, 6.4.3 applies
as stafed to SoS with the following additions.

For the SoS, the System Requirements Definition process transforms the stakeholder view of‘desired
capabjlities into a useful SoS system definition for implementation. This process creates a set of SoS
charagteristics, attributes, functions, and performance that the SoS should possess, to" satisfy the
stakeholder requirements.

In sorhe cases, the SoS system definition statements could be identical to the-capabilities defined in
the sthkeholder requirements. In other cases, there could be a more detailed4iew available within the
availaple time frame.

For sqme SoS, individual CS owners could perform System Requirements Definition for the SoS, with
each (S owner creating their own version of the SoS requirements fortheir own purposes.

For sqme SoS, it could be feasible to collect and analyze the reéquirements for each CS to understand
how the SoS requirements align to the CS requirements, and vice versa. For other types of SoS, the CS
organjizations could be unwilling to disclose this informatien.

6.4.4.2 Outcomes

The ofitcomes of the System requirements definitién process in ISO/IEC/IEEE 15288:2015, 6.4.3 apply
as stated in the boxes with the following additions:

As a result of the successful implementation of the System Requirements Definition process to an SoS:

a) The system description, including system interfaces, functions and boundaries, for a system
solution is defined.

For aj SoS, the descriptian,) interfaces, functions, and boundaries could change over time. SoS that
consigt of CS that are centingent or redundant could affect the description, interfaces, functions, and
boundaries. Often, ther@1is an existing set of CS supporting the SoS capabilities. Analysis of the current
SoS tq meet user capabilities can provide the basis for identifying SoS requirements - that is shortfalls
in capability thdt-could be addressed by changes in the SoS. So, for an SoS the system description
includes both:the current SoS instantiation and the shortfalls or gaps in meeting capability objectives.

Some [SoS, could be instantiated with different sets of CS under different circumstances, and the
description should support this situation. The SoS description should clarify what is covered through

ISO/IEC/IEEE 21839 and to what extent the SoS and CS are potentially affected.

b) System requirements (functional, performance, process, non-functional, and interface) and
design constraints are defined.

As with systems, SoS requirements and design constraints can change over time. Once an SoS is
implemented in some form, SoS requirements are reflected in gaps between current capabilities and
desired capabilities. The SoS (depending on its type) should define those partial new requirements
for each CS that are necessary to create the desired SoS behavior. However, the SoS would not need to
define CS requirements that are not essential to the SoS.
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SoS definition of new requirements for CS does not always mean that a CS organization will accept
and implement those requirements. This could mean that the SoS cannot meet its objectives or that
particular CS cannot remain part of the SoS in the same capacity.

¢) Critical performance measures are defined.

Critical performance measures for SoS address the measurement of delivery of SoS capabilities under
various situations. These can be translated into critical measures for CS in support of the SoS, but these

measures could be different from those necessary for independent operation of the CS.

d) The system requirements are analyzed.

Analysis of SoS gaps is based on identifying alternative approaches to filling the‘gaps whether by
changing SoS operations, by changing the composition of the SoS (new or added,CS},added CS funictions
or capacity, new or updated system elements). Along with an assessment of the '@peration and technical
feasibility of candidate options, the SoS can be analyzed to verify if these ¢hariges are made to fuch a
degree that it will affect the ability to meet SoS capability objectives.

e) Any enabling systems or services needed for system requirements definition are available.

Outcome applies as stated to SoS.

f) Traceability of system requirements to stakeholder requirements is developed.

SoS stakeholder requirements could trace to SoS capability objectives and CS requirements. Likpwise,
CS stakeholder requirements could trace to multiple SoS requirements.

SoS requirements could conflict with or noftalign well to existing CS requirements. CS requirements
could conflict with or not align well to existing SoS requirements.

6.4.5 Architecture definition process

6.4.5.1 Purpose
The purpose of the Architecture definition process in ISO/IEC/IEEE 15288:2015, 6.4.4 is shown in the box.

The purpose of the-Architecture Definition process is to generate system architecture alternatives,
to select one gr.miore alternative(s) that frame stakeholder concerns and meet system requiremgents,
and to expréssthis in a set of consistent views.

[teration/of the Architecture Definition process with the Business or Mission Analysis projcess,
SystemRequirements Definition process, Design Definition process, and Stakeholder Needs and
Reguirements Definition process is often employed so that there is a negotiated understanding of
the problem to be solved and a satisfactory solution is identified. The results of the Architeqture

Hefinition-process—are—widely used acrossthe life cyele processes—Architecture definition! may
be applied at many levels of abstraction, highlighting the relevant detail that is necessary for the
decisions at that level.
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NOTE1 System architecture deals with fundamental principles, concepts, properties, and characteristics
and their incorporation into the system-of-interest. Architecture definition has more uses than as merely
a driver (or part of) design. Refer to ISO/IEC/IEEE 42010:2011 for more information about architecture
description and the uses and nature of architecture.

NOTE 2  The Architecture Definition process supports identification of stakeholders and their concerns.
As the process unfolds, insights are gained into the relation between the requirements specified for
the system and the emergent properties and behaviors of the system that arise from the interactions and
relatiaons hetween the system elements The Dr—\qign Definition pracess (QPP subclanse 6 4 ';) on the other

hand} is driven by requirements that have been vetted through the architecture and more detailed analyses
of fepsibility. Architecture focuses on suitability, viability, and desirability, whereas design focuses-on
complatibility with technologies and other design elements and feasibility of construction and integratiof} An
effective architecture is as design-agnostic as possible to allow for maximum flexibility in the design‘trade
spac¢. An effective architecture also highlights and supports trade-offs for the Design Definition process and

poss

arch
acros
whilg

and Verification.

NOTE 3 In product line architectures, the architecture is necessarily spanning acrosseveral designs. The

ly other processes such as Portfolio Management, Project Planning, System Requirement$\Definition,

ecture serves to make the product line cohesive and helps ensure compatibilityand interoperability
s the product line. Even for a single product system, the design of the product willlikely change over time
the architecture remains constant.
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irpose of the Architecture definition process in ISO/IEC/IEEE 15288:2015, 6.4.4 applies as stated
with the following additions.

chitecture of SoS focuses on the critical functionality of thé.SoS elements (CS and system elements,
nteractions, and any cross-cutting critical functionality,‘e.g. timing, geospatial representations)
than deeply diving into the inside architecture of CS.While systems are often described in terms
rarchies with decomposition among the various leyels, SoS are often described as more general
rks of systems with complex interconnections:that have been composed to form the SoS. The
chitecture could be based on partial information and could represent only a known portion of
S. The SoS architecture could include and défine system elements that are not part of any CS. The
ionary nature of SoS makes the architecture definition fluid over time. While some aspects of the
ecture could have enduring value, other”aspects change and should be re-evaluated frequently.

In addition, for those SoS where there.gould be different compositions of elements deployed under

differ
differ

6.4.5.

The o
in the

Asar

bnt circumstances, the architectire should accommodate this characteristic of SoS which further
bntiates them from other systems.

P Outcomes

itcomes of the Architecture definition process in ISO/IEC/IEEE 15288:2015, 6.4.4 apply as stated
boxes with the following additions:

esult of the suecessful implementation of the Architecture Definition process to an SoS:

a)

dentified stakeholder concerns are addressed by the architecture.

SoS aj

chitectures should reflect the needs of the SoS stakeholders for the SoS capabilities. However, it is

also important that the architectures respect the needs of the CS stakeholders which could be affected
by CS participation in the SoS. This includes the objective of SoS architectures which address SoS needs
but impinges on the CS as little as possible allowing them to evolve to meet their user needs without
affecting the SoS or the other CS. SoS architectures could change over time as CS are added, modified, or
removed from the SoS. SoS architectures could be affected by CS architectures.
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b) Architecture viewpoints are developed.

For SoS, architecture viewpoints that address the CS’s perspective on the SoS facilitate communication.
Depending on the degree of managerial and operational independence, the CS perspectives can be
important.

c¢) Context, boundaries, and external interfaces of the system are defined.

For an SoS, the context, boundaries, and external interfaces could change over time as CS join and leave
the SoS.

d) Architecture views and models of the system are developed.

Outcome applies as stated to SoS.

e) Concepts, properties, characteristics, behaviors, functions, or constraints that are significant to
architecture decisions of the system are allocated to architectural entities.

Due to changes over time to the SoS, the allocation to architectural elements could change ovef time
as well. Identifying those architectural elements necessary‘to create the desired SoS behavior if a key
part of the SoS architecture definition. The SoS could {efine abstract classes of CS that (from tle SoS
perspective) appear the same and, for each of these classes, define the necessary constraints to athieve
the expected SoS behavior.

f) System elements and their interfaces are identified.

For SoS, system elements are the CS, which could have well-defined interfaces. Additional elemenjts and
interfaces should be defined to clarify'what those elements are and which actors they interface tq.

g) Architecture candidates are assessed.

Making changes to the SoS architecture is one key option to addressing capability gaps in SoS, njaking
assessment of architecture alternatives a key SoSE activity. The SoS architecture could evolve over
time, so assessmerit of the impact of alternative architectures is an important part of the dgcision
analysis for an SeS/By comparing architectures in terms of their impact on capability objectives, SoSE
addresses options for changes to meet user needs. In assessing architecture options, it is impprtant
to assess the-impact on the CS, since architecture options could require changes in the CS. Potential
changes-to’€S should be taken into consideration when assessing architecture changes. Dependjng on
the degree of operational and managerial independence, and the potential for CS to join or leave gn SoS,
the resiliency of the architectures could be important considerations in the assessment.

A architecturat basis for processes throughout the tifecycle isachieved:

Effectively managing the SoS architecture over time is key to SoS. A stable and open architecture can
facilitate changes in CS without impacting the SoS or the other CS. Changes in the SoS architecture which
impact the CS should be coordinated. To the extent possible, and subject to the degree of managerial
and operational independence, the life cycles of the CS should be synchronized with the SoS life cycle.

i) Alignment of the architecture with requirements and design characteristics is achieved.

SoS architecture is based on how the CS are connected to form the SoS. Insight into the architectures of
the CS could be relevant.
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j)  Any enabling systems or services needed for architecture definition are available.

Outcome applies as stated to SoS.

k) Traceability of architecture elements to stakeholder and system requirements is developed.

Outcome applies as stated to SoS.

6.4.6 | Design definition process

6.4.6.l Purpose

The pirpose of the Design definition process in ISO/IEC/IEEE 15288:2015, 6.4.5 is shown jn the box.

The purpose of the Design Definition process is to provide sufficient detailed data and information
aboyt the system and its elements to enable the implementation consistent\with architectural
entitfies as defined in models and views of the system architecture.

NOTE1 The Architecture Definition process, supports identification of stakeholders and their concerns.
Thropgh the use of the process, insights are gained into the relation between thetequirements specified for the
systdm and the emergent properties and behaviors of the system that arisefrom the interactions and relations
en the system elements. The Design Definition process, on the other hand, is driven by requirements
that have been vetted through the architecture and more detailed arfalyses of feasibility. Architecture focuses
on syitability, viability, and desirability, whereas design focuses on«compatibility with technologies and other
design elements and feasibility of construction and integration. Aneffective architecture is as design-agnostic
as passible to allow for maximum flexibility in the design trade.space.

NOTE 2 Design definition considers any applicable, technologies and their contribution to the system
solutjon. Design provides the ‘implement-to’ level of-the definition, such as drawings and detailed design
desctiptions.

NOTE 3  This process provides feedback to the'system architecture to consolidate or confirm the allocation,
partitioning and alignment of architectural entities to system elements that compose the system.

The pyirpose of the Design definition‘process in ISO/IEC/IEEE 15288:2015, 6.4.5 applies as stated to SoS
with the following additions.

The system elements of an_SeS could be CS or specific system elements that are not part of any CS.
Sometimes an SoS will require developing a completely new CS, using an existing CS without changes,
or making changes to airexisting CS.

With h long SoS life_eycle, multiple design definitions could be created that implement changes into
the SqS on a time=phased basis. Because some CS pre-exist the SoS, sometimes by decades of time,
SoS Dgsign Definition could include desired changes to a CS or could have to accept the CS design and
capab{lities as is. SoS Design Definition should also include time phasing of the CS implementations,

to endure that CS capabilities are (a) available when needed and (b) compatible with each other at all
point intime

In an SoS, design refers to the selection and adaptation of the elements of the SoS, that is, the CS or other
system elements that can be necessary to facilitate interaction of the CS in the SoS.

6.4.6.2 Outcomes

The outcomes of the Design definition process in ISO/IEC/IEEE 15288:2015, 6.4.5 apply as stated in the
boxes with the following additions:
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As a result of the successful implementation of the Design Definition process to an SoS:

a) Design characteristics of each system element are defined.

Design in an SoS is based on identifying CS to support the SoS functions and interfaces between the
elements specified in the SoS architecture. This provides the framework for assessing CS supporting

thre SoS capabtiities,; for assessImg Tanges to €S and SySTeT eleIments, and for asSesSIng CITanges q
or modified CS and system elements.

Depending on the degree of managerial independence, and other issues such as commercjal sensiti
organizations managing CS could be unwilling to fully disclose design information. However, SoS

necessarily need a full definition of CS designs but are only concerned with the external characte
of the CS that enable the SoS capabilities to be met. It is important to have enough CS§,design inforn
to understand their behavior without necessarily understanding how CS achiéve it. An overa
design for the SoS could be needed. This assessment could identify changés’in CS which wo
needed for them to participate effectively in the SoS.

r new
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b) System requirements are allocated to system elements.

In effect, the SoS architecture provides the high-level SoS requiirements. Identifying and assess
for participation in an SoS is based on an understanding of the degree to which the systems p
critical functionality or services to meet SoS needs and{the degree to which the system can o
with other systems in the SoS providing needed information and interfaces, as well as support
cutting functions critical to the SoS (e.g., geospatial referencing, timing, etc.). The selection of the
CS to meet SoS needs is, in effect, allocating systems to SoS requirements. A similar process is a
to assess how well current CS and system elemgiits are supporting SoS capability needs.

ng CS
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berate
CIross-
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c) Design enablers necessary for desigh.definition are selected or defined.

Outcome applies as stated to SoS.

d) Interfaces between systent elements composing the system are defined or refined.

In an SoS, the systems jinterfaces are incorporated in the SoS architecture. The SoS design p
focuses on assessing.the ability of CS and system elements, either current or proposed, to impl
the interfaces to meet SoS needs.

Focess
ement

e) Desigmalternatives for system elements are assessed.

Alternative CS should be assessed.

£)" Design artifacts are developed.

Additional design artifacts could be needed for SoS, including overarching design artifacts for the SoS,
as well as interfaces to existing CS design artefacts. Design artifacts could already exist for CS, but they
might not be in a form suitable for use by the SoS. However, depending on the degree of managerial

independence, organizations managing CS could be unwilling to release such information.

g) Any enabling systems or services needed for design definition are available.

Outcome applies as stated to SoS.
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h) Traceability of the design characteristics to the architectural entities of the system architecture
is established.

Outcome applies as stated to SoS.

6.4.7 System analysis process

6.4.7.1 Purpose

The ppirpose of the System analysis process in ISO/IEC/IEEE 15288:2015, 6.4.6 is shown in the box:

The purpose of the System Analysis process is to provide a rigorous basis of data and information for
techhical understanding to aid decision-making across the life cycle.

The $ystem Analysis process applies to the development of inputs needed for any technical assessment.
It can provide confidence in the utility and integrity of system requirementsj<architecture, and
design. System analysis covers a wide range of differing analytic functions, levels of complexity, and
levels of rigor. It includes mathematical analysis, modeling, simulation, expefimentation, and other
techhiques to analyze technical performance, system behavior, feasibility, affordability, critical
qualjty characteristics, technical risks, life cycle costs, and to perform,Sensitivity analysis of the
poteptial range of values for parameters across all life cycle stages$. It is used for a wide range of
analytical needs concerning operational concepts, determination.of réquirement values, resolution of
requiirements conflicts, assessment of alternative architectures or system elements, and evaluation
of enfgineering strategies (integration, verification, validatior;and maintenance). Formality and rigor
of the analysis will depend on the criticality of the information need or work product supported, the
amopint of information/data available, the size of the project, and the schedule for the results.

NOTE This process is often used in conjunction with the Decision Management process.

The ppirpose of the System analysis process in ISO/IEC/IEEE 15288:2015, 6.4.6 applies as stated to SoS.

6.4.7.2 Outcomes

The ofitcomes of the System analysis process in ISO/IEC/IEEE 15288:2015, 6.4.6 apply as stated in the
boxes|with the following additions:

As a result of the successful implementation of the System Analysis process to an SoS:

a) JPystem analysesneeded are identified.

SoS System Analysis could rely on both actual and predicted data. Because many CS pre-exist the SoS,
actual data can'be available from their operation. For other aspects of the SoS, however, predictive data
will bg necessary. For some SoS, the System Analysis process could be performed by each CS owner to
support GS-level Decision Management with SoS impacts. Each CS owner could create different analyses
and different results based on different viewpoints. The decisions resulting from these analyses

could conflict at the Sos level. Depending on the degree of managerial and operational Independence,
resolution of such conflicts could be very challenging.

b) System analysis assumptions and results are validated.

SoS assumptions and results related to operational and managerial independence should be validated.
Measuring points and instrumentation should be added within the SoS elements (within some CS and
other elements, or perhaps as elements in their own right) to provide the data to validate analysis or
models. The data are likely to be sparser and provide less certainty than that available within each CS.
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¢) System analysis results are provided for decisions.

Outcome applies as stated to SoS.

d) Any enabling systems or services needed for system analysis are available.

Outcome applies as stated to SoS.

e) Traceability of the system analysis results is established.

Outcome applies as stated to SoS.
6.4.8 Implementation process

6.4.8.1 Purpose
The purpose of the Implementation process in ISO/IEC/IEEE 15288:20%5, 6.4.7 is shown in the ba

The purpose of the Implementation process is to realize a specified;system element.

This process transforms requirements, architecture, and,design, including interfaces, into ac
that create a system element according to the practices of the selected implementation techno
using appropriate technical specialties or disciplines. This process results in a system ele
that satisfies specified system requirements (including allocated and derived requireme
architecture, and design.

NOTE This applies to both a single element (concept and development stage) and production run
production stage). It also can apply in the resplution of changes needed in the Support stage.

rions
logy,
ment
nts),

as in

The purpose of the Implementation precess in ISO/IEC/IEEE 15288:2015, 6.4.7 applies as stated
with the following addition.

SoS are typically implemented-by composing existing and modified CS and other system eleme
provide new capabilities.

6.4.8.2 Outcomes

The outcomes of\the Implementation process in ISO/IEC/IEEE 15288:2015, 6.4.7 apply as stated
boxes with the following additions:

As a result.of the successful implementation of the Implementation process to an SoS:

ko SoS

nts to

in the

a) Implementation constraints that influence the requirements, architecture, or design
identified.

are

SoS often consist of existing CS, so constraints that influence the requirements, architecture, or design

could be extensive.

b) A system element is realized.

When SoS consist of existing CS, this outcome is achieved from the start, but only in part.
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c) A system element is packaged or stored.

System elements can be necessary to facilitate interaction of the CS in the SoS. These are implemented
by their owners who are responsible for maintaining and operating them.

d) Anyenabling systems or services needed for implementation are available

The [remaining system elements need to be realized. These could relate to SoS informatijon
manpgement and support infrastructure to enable other SoS to flourish and develop as needed. Time
phaging of CS changes should be carefully planned to ensure that (a) each CS continues to support its
independent capabilities, (b) the appropriate CS changes are in place at a given time to support the
desifed SoS capability, and (c) desired interactions and capabilities are not damaged by-CS changes.
e) Triceability is established.

Outcome applies as stated to SoS.
6.4.9 | Integration process

6.4.9.1 Purpose
The ppirpose of the Integration process in ISO/IEC/IEEE 15288:2015, 6.4.8 is shown in the box.

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

This|process assembles the implemented system elements. Interfaces are identified and activated
to erjable interoperation of the system elements>as intended. This process integrates the enabling
systéms with the system-of-interest to facilitate interoperation.

NOTE1 For a given level of the system higrarchy, this process iteratively combines implemented system
elempnts to form complete or partial system’configurations in order to build a product or service. It is used
recugsively for successive levels of the s{stem hierarchy.

NOTE 2  The interfaces are defined by the Architecture Definition and Design Definition processes. This
procg¢ss coordinates with these other processes and checks to make sure the interface definitions are adequate
and that they take into accountthe integration needs.

The plirpose of the Integration process in ISO/IEC/IEEE 15288:2015, 6.4.8 applies as stated to SoS.

6.4.9.2 Outcomes

The ofitcomes-of the Integration process in ISO/IEC/IEEE 15288:2015, 6.4.8 apply as stated in the boxes
with the following additions:
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a) Integration constraints that influence system requirements, architecture, or design, including
interfaces, are identified.

SoS often consist of existing CS, so integration constraints that influence system requirements,
architecture, or design, including interfaces, could be extensive. Integration for the SoS is sometimes
performed in an operational environment.

CS often pre-exist the SoS and are already operating to provide their desired capabilities. Rather
than building up the SoS from its components, SoS Integration takes the form of implementing new
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