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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 through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and nongovernmental, in liaison with ISO and IEC, also take part in the

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

The p]rocedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
rules given in the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

IEEE $tandards documents are developed within the IEEE Societies and the Staddards Coordinating
Comnjittees of the IEEE Standards Association (IEEE-SA) Standards Board./The IEEE develops its
standards through a consensus development process, approved by the Amefican National Standards
Institfite, which brings together volunteers representing varied viewpoints-and interests to achieve the
final groduct. Volunteers are not necessarily members of the Institute and-serve without compensation.
Whilel the IEEE administers the process and establishes rules to promote fairness in the consensus
develgpment process, the IEEE does not independently evaluate, test) or verify the accuracy of any of
the information contained in its standards.

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

Any trade name used in this document is information given for the convenience of users and does not
constjtute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
exprepsions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) priiiciples in the Technical Barriers to Trade (TBT), see www.iso
.org/iso/foreword.html.

This dlocument was prepared_by Joint Technical Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 7, Systemis)dnd software engineering, in cooperation with the Systems and Software
Enginpering Standards\Committee of the IEEE Computer Society, under the Partner Standards
Develppment Organijzation cooperation agreement between ISO and IEEE.

This gecond editien cancels and replaces the first edition (ISO/IEC/IEEE 29148:2011), which has been
technjcally revised.

Changes.if: this revision of ISO/IEC/IEEE 29148 were developed in response to the revision of ISO/IEC/
IEEE 15288 and ISO/IEC/IEEE 12207. The purpose of these revisions is to accomplish the harmonization

of the structures and contents of the two documents, while supporting the requirements of the
assessment community.

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

This document provides a unified treatment of the processes and products involved in engineering
requirements throughout the life cycle of systems and software. It provides details for the construct of
well-formed textual requirements, to include characteristics and attributes, in the context of system and
software engineering. This document also provides guidance for the implementation of requirements
related processes from ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207. Finally, this document identifies
information items related to requirements engineering and their content.
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Systems and software engineering — Life cycle processes
— Requirements engineering

1

Scope

This document:

specifies the required processes implemented in the engineering activities cthat res
requirements for systems and software products (including services) throughout the life cyc

provides guidelines for applying the requirements and requirements-related processes des
in ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207;

specifies the required information items produced through the implementation of the require
processes;

specifies the required contents of the required information itetns;

provides guidelines for the format of the required and related information items.

This document is applicable to:

2

those who use or plan to use ISO/IEC/IEEE 15288:and ISO/IEC/IEEE 12207 on projects dealin
man-made systems, software-intensive systems) software and hardware products, and se
related to those systems and products, regardless of the project scope, product(s), method
size or complexity;

anyone performing requirements enginieering activities to aid in ensuring that their appli
of the requirements engineering processes conforms to ISO/IEC/IEEE 15288 and/or IS(
[EEE12207;

those who use or plan to muse'ISO/IEC/IEEE 15289 on projects dealing with man-made sy
software-intensive systems;, software and hardware products and services related to those sy
and products, regardless of the project scope, product(s), methodology, size or complexity;

anyone performingrequirements engineering activities to aid in ensuring that the inforn
items developed during the application of requirements engineering processes conforms t
IEC/IEEE 152809.

Normative references

The_fellowing documents are referred to in the text in such a way that some or all of their ¢
cofistitutes requirements of this document. For dated references, only the edition cited applie
twndated references, the latest edition of the referenced document, (including any amendments) a

plt in
€,

rribed

Inents

b with
rvices
ology,

cation

/IEC/

btems,
stems

nation
b 1SO/

bntent
s. For

hplies.

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

ISO/IEC/IEEE 12207:2017, Systems and software engineering — Software life cycle processes

3

Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC/IEEE 15288, ISO/IEC/
IEEE 12207 and the following apply.
© ISO/IEC 2018 - All rights reserved
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ISO, IEC and IEEE maintain terminological databases for use in standardization at the following
addresses:

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

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

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

NOTE Definitions—for—other—system—and—software—engineering—terms—typically—can-befoundinISOHEC,

IEEE 24765, available at www.computer.org/sevocab.

3.1.1
acquifrer
stakeRolder (3.1.28) that acquires or procures a product or service from a supplier (3.1.31)

Note Jf to entry: Other terms commonly used for an acquirer are buyer, customer (3.1.9), ownery/purchaser or
internpl/organizational sponsor.

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.1]

3.1.2
attribute

inher¢nt property or characteristic of an entity that can be distinguished ‘quantitatively or qualitatively
by human or automated means

Note 1|to entry: ISO 9000 distinguishes two types of attributes: a permanént characteristic existing inherently in
something; and an assigned characteristic of a product, process, or system (e.g., the price of a product, the owner
of a prpduct).

[SOURCE: ISO/IEC 25000:2014, 4.1, modified — The original NOTE 1 has been removed; NOTE 2 has
beconpe Note 1 to entry.]

3.1.3
baseljne

formallly approved version of a configuration‘item, regardless of media, formally designated and fixed
at a specific time during the configuration.item's life cycle

[SOURCE: ISO/IEC/IEEE 15288:2015; 4.1.10]

3.14
businless requirements specification

strucglzred collection of-the requirements (3.1.19) (business or mission problem or opportunity
definifion, concepts, andrequired conditions of solutions) of the business or mission and its relation to
the external environment

3.1.5
concept of operations

verbal andgraphic statement, in broad outline, of an organization’s assumptions or intent in regard to
an ope¢ration or series of operations

Note 1 to entry: The concept of operations frequently is embodied in long-range strategic plans and annual
operational plans. In the latter case, the concept of operations in the plan covers a series of connected operations
to be carried out simultaneously or in succession. The concept is designed to give an overall picture of the
organization operations. See also operational concept (3.1.16).

Note 2 to entry: The concept of operations provides the basis for bounding the operating space, system
capabilities, interfaces and operating environment.

Note 3 to entry: The concept of operations includes how an enterprise or organization intends to employ available
human and technological resources to achieve one or more outcomes.

[SOURCE: ANSI/AIAA G-043A-2012¢]

© ISO/IEC 2018 - All rights reserved
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3.1.6

condition

measurable qualitative or quantitative attribute (3.1.2) that is stipulated for a requirement (3.1.19) and
that indicates a circumstance or event under which a requirement applies

3.1.7

constraint

externally imposed limitation on the system, its design, or implementation or on the process used to
develop or modify a system

Note 1 to entry: A constraint is a factor that is imposed on the solution by force or compulsion and miay-jmit or
modify the design.

3.1.8

context of use
users (3.1.35), tasks, equipment (hardware, software and materials), and the |physical and [social
environments in which a product is used

[SOURCE: ISO/IEC 25000:2014, 4.2]

3.1.9

customer
person or organization that could or does receive a product or asépvice that is intended for or required
by this person or organization

Note 1 to entry: Customers are a subset of stakeholders (3.1.28).
Note 2 to entry: A customer can be internal or external to:the organization.

[SOURCE: ISO 9000:2015, 3.2.4, modified — The oviginal Note 1 to entry has become Note 2 to eftry; a
new Note 1 to entry has been introduced and the EXAMPLE has been removed.]

3.1.10

derived requirement
requirement (3.1.19) deduced or inferred from the collection and organization of requirementsf|into a
particular system configuration aud solution

Note 1 to entry: The next higher Ievel requirement is referred to as a “parent” requirement while the derived
requirement from this parentis.called a “child” requirement.

Note 2 to entry: A derived requirement is typically identified during the elicitation of stakeholder (B.1.28)
requirements, requiré€ments analysis, trade studies or validation (3.1.36).

3.1.11

developer
individual ‘'er~ organization that performs development activities (including requirements anplysis,
design,testing through acceptance) during the system or software life-cycle process

Note I-to entry: Developers are a subset of stakeholders (3.1.28).

[SOURCE: ISQ/IEC 25000:2014, 4 6,_madified — Note 1 to entry has heen added ]

3.1.12
document
uniquely identified unit of information for human use

EXAMPLE report, specification, manual or book in printed or electronic form.

Note 1 to entry: A document can be a single information item (3.1.14), or part of a larger information item (3.1.14).

Note 2 to entry: Documents include both paper and electronic documents.

© ISO/IEC 2018 - All rights reserved
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Note 3 to entry: The use of the term document is not intended to preclude interpretation in the broader sense of
“documentation”, especially as it applies to model-based engineering or conformance.

[SOURCE: ISO/IEC/IEEE 15289:2017, 3.1.10, modified - Notes 2 and 3 to entry have been added.]

3.1.13

human systems integration

interdisciplinary technical and management processes for integrating human considerations within
and across all system elements

[SOURCE: INCOSE SEHbk 4:2015]

3.1.1
information item
separjtely identifiable body of information that is produced, stored, and delivered for humanse

[SOURCE: ISO/IEC/IEEE 15289:2017, 3.1.13, modified - Notes 1 and 2 to entry have beefh rémoved.]

3.1.15
level pf abstraction
view 3t a specific level of detail in a description of a system

3.1.16
operdtional concept

verbal and graphic statement of an organization’s assumptions or intent in regard to an operation or
series|of operations of a specific system or a related set of specifieiew, existing or modified systems

Note 1 to entry: The operational concept is designed to give an.overall picture of the operations using one or
more gpecific systems, or set of related systems, in the organization’s operational environment from the users’
(3.1.33) and operators’ (3.1.18) perspective. It is what the enterprise or organization intends to achieve. See also
concept of operations (3.1.5).

[SOURCE: ANSI/AIAA G-043A-2012¢]

3.1.17
operdtional scenario
descr};},)tion of an imagined sequence of‘events or activities that includes the interaction of the product

or service with its environment and users (3.1.35), as well as interaction among its product or service
compgnents when there is end-usetsignificance

Note 1 to entry: Operational sceharios are used to evaluate the requirements (3.1.19) and design of the system
and to|verify and validate the-system.

3.1.1§
operdtor
individual or orgafization that performs the operations of a system

Note 1fto entry+The role of operator and the role of user (3.1.35) can be vested, simultaneously or sequentially, in
the same individual or organization.

Note 2|tolentry: An individual operator combined with knowledge, skills and procedures can be considered as an

element of the system.

Note 3 to entry: An operator may perform operations on a system that is operated, or of a system that is operated,
depending on whether or not operating instructions are placed within the system boundary.

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.26]

3.1.19
requirement
statement which translates or expresses a need and its associated constraints (3.1.7) and conditions (3.1.6)

Note 1 to entry: Requirements exist at different levels in the system structure.

© ISO/IEC 2018 - All rights reserved
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Note 2 to entry: A requirement is an expression of one or more particular needs in a very specific, precise and

unambiguous manner.
Note 3 to entry: A requirement always relates to a system, software or service, or other item of interest.

3.1.20
requirements elicitation

use of systematic techniques, such as prototyping and structured surveys, to proactively identify and

document customer (3.1.9) and end user (3.1.35) needs

3.1.21

requirements engineering

interdisciplinary function that mediates between the domains of the acquirer (3.1.1) and sy
(3.1.31) to establish and maintain the requirements (3.1.19) to be met by the system, sofgware or s
of interest

Note 1 to entry: Requirements engineering is concerned with discovering, eliciting, developing, ana
verifying, validating, communicating, documenting and managing requirements.

3.1.22

requirements management

activities that identify, document, maintain, communicate, tra¢éyand track requirements (3
throughout the life cycle of a system, product or service

3.1.23

requirements traceability

identification and documentation of the derivation path (upward) and allocation/flow-dowr
(downward) of requirements (3.1.19) in the requirements set

Note 1 to entry: One or more requirements upward’ from which a requirement is derived are called
requirements. A requirement downward that is détjved from one or more parent requirements is called
requirement.

3.1.24

requirements traceability matrix

structured information artifact thatlinks requirements (3.1.19) to their higher level requireme
needs or to lower level implemgntation

3.1.25

requirements validation

confirmation that reqtiivements (3.1.19) (individually and as a set) define the right system as int
by the stakeholders(311.28)

[SOURCE: EIA-632:1999, modified]

3.1.26
requiréments verification
confirfnration by examination that requirements (3.1.19) (individually and as a set) are well-forme

Neté 1 to entry: This means that a requirement or a set of requirements has been reviewed to help ens

cvcud Cl CUl Wt U CU.

[SOURCE: EIA 632:1999, modified]

3.1.27
software requirements specification

pplier
ervice

lyzing,

1.19)

path

parent
h child

nts or

ended

structured collection of the essential requirements (3.1.19) [functions, performance, design constraints

(3.1.7) and attributes (3.1.2)] of the software and its external interfaces

[SOURCE: IEEE Std 1012:2016, modified — 'documentation’ has become 'structured collection']

© ISO/IEC 2018 - All rights reserved
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3.1.28

stakeholder

individual or organization having a right, share, claim or interest in a system or in its possession of
characteristics that meet their needs and expectations

Note 1 to entry: Stakeholders include, but are not limited to, end users (3.1.35), end user organizations,
supporters, developers (3.1.11), producers, trainers, maintainers, disposers, acquirers (3.1.1), customers (3.1.9),
operators (3.1.18), supplier organizations, accreditors and regulatory bodies.

structiured collection of the requirements (3.1.19) [characteristics, context, concepts, constraints (3.1.7)

and priorities] of the stakeholder (3.1.28) and the relationship to the external environment

conditjion (3.1.6) that characterizes the behaviour of a function, subfunction or elernent at a point in time

Note 1fto entry: A state may be used to define sets of functions or system charactéristics that can vary with time.

[SOURCE: ISO/IEC/IEEE 24765:2017, 3.3958, modified — Definition 4 Has'been kept; all other definitions
have heen removed: new Note 1 to entry has replaced the original Note 1 to entry.]

3.1.31
suppliier

organjzation or individual that enters into an agreement<with the acquirer (3.1.1) for the supply of a
product or service

Note 1]to entry: Suppliers are a subset of stakeholders (3.1:28).
Note 2|to entry: Other terms commonly used for supplier are contractor, producer, seller or vendor.
Note 3|to entry: The acquirer (3.1.1) and the supplier sometimes are part of the same organization.

[SOURCE: ISO/IEC/IEEE 15288:2015,'4.1.45, modified — New Note 1 to entry has been added; other
Notes|to entry renumbered.]

3.1.3%
system-of-interest
systeth whose life cycle iSdnder consideration in the context of this document

[SOURCE: ISO/IEC/AEEE 15288:2015, 4.1.48 modified — ‘document’ has replaced ‘International
Standprd’]

3.1.33
system requirements specification
structured collectlon of the requirements [3 1. 19) [functlons performance design constramts (3 1.7),
and othe 3 3 3 and 3

3.1.34

trade-off

decision-making actions that select from various requirements (3.1.19) and alternative solutions on the
basis of net benefit to the stakeholders (3.1.28)

© ISO/IEC 2018 - All rights reserved
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3.1.35
user
individual or group that interacts with a system or benefits from a system during its utilization

Note 1 to entry: The role of user and operator (3.1.18) may be vested, simultaneously or sequentially, in the same
individual or organization.

Note 2 to entry: Users are a subset of stakeholders (3.1.28).

INaFaYAdnYal nFE feFaWA A palVa & nl nl Rl Hnlo Yo X o o ¥a X N il B Bl nilo | dsf€: 1 Naot 24 i L. L. dd.11
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3.1.36

validation

confirmation, through the provision of objective evidence, that the requirements (3.1.19)for a specific
intended use or application have been fulfilled

Note 1 to entry: Validation in a system life cycle context is a set of activities ensuring and gaining confidenfe that
a system is able to accomplish its intended use, goals and objectives. The right systemvha’s been built.

[SOURCE: IS0 9000:2015, 3.8.13, modified — Notes 1, 2 and 3 to entry have ‘been removed; new Note 1
to entry has been added.]

3.1.37
verification

confirmation, through the provision of objective evidence, that specified requirements (3.1.19) have
been fulfilled

Note 1 to entry: Verification in a system life cycle context is a set of activities that compares a product] of the

system life cycle against the required characteristics forythat product. This may include, but is not limited to,
specified requirements, design description and the system itself. The system has been built right.

[SOURCE: ISO 9000:2015, 3.8.12, modified —\Notes 1, 2 and 3 to entry have been removed; new Note 1
to entry has been added.]

3.2 Abbreviated terms

BABOK Business AnalysisBook of Knowledge
BRS Business Reqliirements Specification

ConOps Concept.of-@perations

FSM Funttional Size Measurement

HSI Hvman Systems Integration

MDD Model Driven Development

MOP Measures of Performance

OpsCon Operational Concept

RTM Requirements Traceability Matrix

SRS Software Requirements Specification
StRS Stakeholder Requirements Specification
SyRS System Requirements Specification
TBD To Be Determined

© ISO/IEC 2018 - All rights reserved
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TBR To be Resolved, To be Revised
TBS To be Supplied, To be Specified.
TPM Technical Performance Measure

4 Conformance

4.1 [ntended usage

This document provides guidance for the execution of the ISO/IEC/IEEE 15288 and ISO/IEC/IEEE.12207
proceses that deal with requirements engineering. This document also provides normative definition
of the| content and recommendations for the format of the information items or documentation that
result/ from the implementation of these processes. Users of this document can claim cénformance to
the prjocess provisions or to the information item provisions, or both.

4.2 [Full conformance

A claim of full conformance to this document is equivalent to claiming conformance:

— tq the provisions contained in 5.2.4, 5.2.5,5.2.6, and 5.2.7;

— tdtherequirements-engineering-related processes of ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207
cited in 6.1;

— td the information items specified in Clause 7; and

— td the required content of the information items in . Ctause 9 and Annex A of this document.

4.3 [Conformance to processes

This document provides requirements for a nimber of requirements engineering processes suitable for
usage|during the life cycle of a system, a ptéduct or a service.

The requirements for processes in this.document are contained in 6.1.

4.4 [Conformance to information item content

This document provides requirements for a number of requirements engineering information items
to be produced during thelife cycle of a system, a product or a service. A claim of conformance to the
information item prowviSions of this document means that:

— tHe requirediiniformation items stated in this document are produced; and

— it|is demeonstrated that the information items produced during the requirements engineering
agtivities conform to the content requirements defined in this document.

1 it o foimnd Closicn 7 Tho swanaiivns na
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for the content of information items in this document are contained in Clause 9 and Annex A.

NOTE 1 If a user of this document claims full conformance to ISO/IEC/IEEE 15289, it does not imply that the
user can claim conformance to the information items and information item content in this document. The reason
is that this document adds additional information items.

NOTE 2  Inthis document, for simplicity of reference, each information item is described as if it were published
as a separate document. However, information items can be considered as conforming if they are unpublished
but available in a repository for reference, divided into separate documents or volumes, or combined with other
information items into one document.

© ISO/IEC 2018 - All rights reserved
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4.5 Tailored conformance

4.5.1 Processes

This document does not make provision for tailoring life cycle processes. ISO/IEC/IEEE 15288:2015,
Annex A provides normative direction regarding the tailoring of system life cycle process. ISO/IEC/
IEEE 12207:2017, Annex A provides normative direction regarding the tailoring of software life cycle
processes.

4.5.2 Information items

When this document is used as a basis for establishing a set of information items that,do/not qualify
for full conformance, the clauses of this document shall be selected or modified in accardance with the
tailoring process prescribed in Annex C. The tailored text, for which tailored conformance is cldimed,
is declared. Tailored conformance is achieved by demonstrating that requirements for the inforrmation
items, as tailored, have been satisfied using the outcomes of the tailoring process/as evidence.

5 Concepts

5.1 General

This clause presents concepts that apply to requirements statéments themselves, and to the inforration
items generated during the process of documenting requjirements. The concepts apply to the progerties
of requirements at all levels of the system-of-interest. Thé‘concepts also apply to the processes used in
the elicitation, analysis, allocation, documentation andumanagement of requirements.

5.2 Requirements fundamentals

5.2.1 General

Requirements engineering is an interdisciplinary function that mediates between the domalins of
the acquirer and supplier or developer to establish and maintain the requirements to be met by the
system, software or service of jinterest. Requirements engineering is concerned with discovering,
eliciting, developing, analyzing, verifying (including verification methods and strategy), validating,
communicating, documentihg and managing requirements. The primary result of requirements
engineering is sets of requirements, each set:

— being with refetence to a defined system, software or service;

— enabling -a10 agreed understanding between stakeholders (e.g., acquirers, users, custmers,
operatoers,suppliers);

— having been validated against real-world needs;

— ‘able to be implemented; and

nrowvidin rafaranca
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The collection of requirements may be represented in one or more requirements specifications (see
Clauses 8 and 9 for specification templates and content).

5.2.2 Stakeholders

Stakeholders vary across projects when considered in the context of requirements engineering. A
minimum set of stakeholders consists of users and acquirers (who may not be the same). Complex
projects can impact many users and many acquirers, each with different concerns. It may be necessary
to include two other groups as part of the minimum set of stakeholders. First, the organization or
organizations developing, maintaining or operating the system or software has a legitimate interest

© ISO/IEC 2018 - All rights reserved
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in benefiting from the system. Second, regulatory authorities can have statutory, industry, or other
external requirements demanding careful analysis.

5.2.3 Transformation of needs into requirements

Defining requirements begins with stakeholder needs (or goals, or objectives) that are refined and
evolve before arriving as valid stakeholder requirements. Initial stakeholder concerns do not serve
as stakeholder requirements, since they often lack definition, analysis and possibly consistency and

feaSI ity Heinatha Cancant of Onaratianc ta aid tha nndarctanding r\F tha ctalbabholdar concarne A+ tha
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organj zatlonal level and the System Operational Concept from the system perspective, requirements
engineering leads stakeholders from those initial, often latent needs to a set of objectively adequate,
strucfured and more formal statements of stakeholder requirements and goals. These statements are
well-fprmed and meet the characteristics of 5.2.4, 5.2.5, and 5.2.6.

When| the system of interest is a system element at the second or lower level in the overall system
structlure, it is also necessary to identify stakeholder needs and requirements at that level. These needs
do notjust apply to the topmost system in the system structure. There could be additional stakeholders
that afe not discovered until lower level architecture or design decisions are made.

The stakeholder-owned system requirements are then transformed into lower level system element
requirements for the system-of-interest. Where risk due to technology (01\complexity is significant,
requirements are genuinely changing because of change of need, or reqtiitvements were never properly
defindd in the first place, this transformation may involve significant iteration. The same processes are
also applied recursively to lower physical level system elements thatthemselves are subject to design
and d¢velopment, generating again lower-level system element requirements in the process.

Clausg 6 details the processes to perform stakeholder and system requirements definition. Clauses 7, 8,
and 9|contain further guidance on information items associated with documenting the requirements.
Anney A provides requirements for the content of a Systém Operational Concept and Annex B provides
guidelines for the content of a Concept of Operations:

NOTE See ISO/IEC 26551 for additional guidance on requirements development techniques, including
requirpments reuse.

5.2.4| Requirements construct

Well-formed stakeholder requirements, system requirements and system element requirements shall
be deyeloped. This practice contributes to requirements validation with the stakeholders and helps
ensurp that the requirements(@agcurately capture stakeholder needs.

A wel}-formed specified requirement contains one or more of the following:

— it|shall be met ©orypossessed by a system to solve a problem, achieve an objective or address a
stiakeholder céneérn;

— it|is qualified by measurable conditions;

— it|is beunded by constraints;

— it defines the performance of the system when used by a specific stakeholder or the corresponding
capability of the system, but not a capability of the user, operator or other stakeholder; and

— it can be verified (e.g., the realization of the requirement in the system can be demonstrated).

NOTE1 An additional consideration is that a requirement at lower levels aligns with the design of the higher
physical-level system.

This description provides a means for distinguishing between requirements and the attributes of those
requirements (conditions, assumptions and constraints).

© ISO/IEC 2018 - All rights reserved
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A requirement is a statement that translates or expresses a need and its associated constraints and
conditions. A requirement can be written in the form of a natural language or some other form of
language. If expressed in the form of a natural language, the statement should include a subject and
a verb, together with other elements necessary to adequately express the information content of the
requirement. A requirement shall state the subject of the requirement (e.g., the system, the software,
etc.), what shall be done (e.g., operate at a power level, provide a field for) or a constraint on the system.
Figure 1 shows example syntax for requirements. Condition-action tables and use cases are other
means of capturing requirements.

It is important to agree in advance on the specific keywords and terms that signal the presenge of a
requirement. A common approach is to stipulate the following.

— Requirements are mandatory binding provisions and use 'shall'.

— Non-requirements, such as descriptive text, use verbs such as ‘are’, ‘is’, and ‘wash It is best td avoid
using the term ‘must’, due to potential misinterpretation as a requirement.

— Statements of fact, futurity, or a declaration of purpose are non-mandatdryynon-binding proyisions
and use 'will. "Will' can also be used to establish context or limitations of use.

— Preferences or goals are desired, non-mandatory, non-binding provisions and use 'should. They are
not requirements.

— Suggestions or allowances are non-mandatory, non-binding provisions and use 'may".
— Use positive statements and avoid negative requirements such as ‘shall not’.

— Use active voice: avoid using passive voice, such as/'it is required that’.

— Avoid using terms such as ‘shall be able to".

NOTE 2  Requirements in agile may use alternative formulations such as user stories without explicitly using
the term ‘shall’. See ISO/IEC/IEEE 12207:2017,&nnex H for additional discussion on agile application.

All terms specific to requirements ergineering should be formally defined and applied consigtently
throughout all requirements of the'system.

[Condition] [Subject] [Action] [Object] [Constraint of Action]

EXAMPLE: When signal x:is‘received [Condition], the system [Subject] shall set [Action] the signal x
received bit [Object] within 2 seconds [Constraint of Action].

Or
[Condition] [Subject] [Action] [Object] [Constraint of Action]

EXAMPLEZ At sea state 1 [Condition], the Radar System [Subject] shall detect [Action] targets [Objeict]
at ranges out to 100 nautical miles [Constraint of Action].

Or
[Subject] [Action] [Constraint of Action]
EXAMPLE: The Invoice System [Subject] shall display pending customer invoices [Action] in ascendirlg

order of invoice due date [Constraint of Action].

Figure 1 — Examples of functional requirements syntax

Conditions are measurable qualitative or quantitative attributes that are stipulated for a requirement.
They further qualify a requirement that is needed, and provide attributes that permit a requirement
to be formulated and stated in a manner that can be validated and verified. Conditions may limit
the options open to a designer. It is important to transform the stakeholder needs into stakeholder
requirements without imposing unnecessary bounds on the solution space.

© ISO/IEC 2018 - All rights reserved
© IEEE 2018 - All rights reserved 11


https://standardsiso.com/api/?name=8c45e7765891b1956585d3471fcdc2c4

ISO/IEC/IEEE 29148:2018(E)

Constraints restrict the design solution or implementation of the systems engineering process.
Constraints may apply across all requirements, may be specified in a relationship to a specific
requirement or set of requirements, or may be identified as stand-alone requirements (i.e., not bounding
any specific requirement).

Examples of constraints giving rise to requirements include:

interfaces to already existing systems (e.g., format, protocol or content) where the interface cannot
be changed;

physical size limitations (e.g., a controller shall fit within a limited space in an airplane wing);
laws of a particular country;

ayailable duration or budget;

pre-existing technology platform;

maintenance constraints; or

user or operator capabilities and limitations.

Requirements may be ranked or weighted to indicate priority, timing or relative importance.
Requirements in scenario form depict the system’s action from a user’s‘perspective.

NOTEB  6.3.3 and 6.4.3 detail the process to define stakeholder and system requirements.

5.2.5| Characteristics of individual requirements

Each qtakeholder, system and system element requirement'shall possess the following characteristics.

12

Ngcessary. The requirement defines an essential capability, characteristic, constraint and/or quality
factor. If it is not included in the set of requirements, a deficiency in capability or characteristic will
exist, which cannot be fulfilled by implementing other requirements. The requirement is currently
applicable and has not been made obsolete by the passage of time. Requirements with planned
expiration dates or applicability dates-are clearly identified.

Appropriate. The specific intent and amount of detail of the requirement is appropriate to the level
of the entity to which it refers(level of abstraction appropriate to the level of entity). This includes
ayoiding unnecessary constraints on the architecture or design while allowing implementation
independence to the extefitypossible.

NPTE1 While addifienal detailed information could still be important, the information is documented
anid communicateddnsome other form of documentation, such as the requirements attributes in 5.2.8
(etg., rationale) iforder to aid in design and implementation. Additionally, including design solutions in the
rgquirements_cr€ates the risk that potential design solutions could be overlooked or eliminated. Examples
include stating requirements that express an exact commercial system set or a system that can be bought
rdther thahiwade, stating tolerances for items deep within the conceptual system, or establishing constraints
that arénot necessarily reflective of the parent requirement.

Unambiguous. The requirement is stated in such a way so that it can be interpreted in only one way.

The requirement is stated simply and is easy to understand.

Complete. The requirement sufficiently describes the necessary capability, characteristic, constraint
or quality factor to meet the entity need without needing other information to understand the
requirement.

Singular. The requirement states a single capability, characteristic, constraint or quality factor.

NOTE 2  Although a single requirement consists of a single function, quality or constraint, it can have
multiple conditions under which the requirement is to be met.
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— Feasible. The requirement can be realized within system constraints (e.g., cost, schedule, technical)
with acceptable risk.

— Verifiable. The requirement is structured and worded such that its realization can be proven
(verified) to the customer’s satisfaction at the level the requirements exists. Verifiability is enhanced
when the requirement is measurable.

— Correct. The requirement is an accurate representation of the entity need from which it was
transformed.

— Conforming. The individual items conform to an approved standard template and style fortriting
requirements, when applicable.

5.2.6 Characteristics of a set of requirements

There are certain characteristics that are considered for the set of stakeholder,system and sfystem
element requirements rather than for any individual requirement. These sets’offequirements provide
for a consistent solution that meets the stakeholder intentions and constraints,Each set of requirements
for a system, software or service shall possess the following characteristics.

— Complete. The set of requirements stands alone such that it sufficiently describes the nec¢ssary
capabilities, characteristics, constraints or quality factors te meet entity needs without n¢eding
further information. In addition, the set does not contain anyTo Be Defined (TBD), To Be Sp¢cified
(TBS), or To Be Resolved (TBR) clauses. Resolution of the) TBx designations may be iteratiye and
there is an acceptable timeframe for TBx items, determiined by risks and dependencies.

NOTE1 Toimprove completeness, the following practices can be adopted:

i) include all requirements types relevant to the-system under consideration;

ii) account for requirements in all stages of thelife cycle; and

iii) involve all stakeholders in the requirements elicitation, capture, and analysis activity.
NOTE 2 It is common to need to“include TBx designations during the evolution of the requir¢ments
definition, as the process is inforfned by system analysis results and trade-off decisions. However, th¢ set of
requirements cannot be considered complete until all the TBx designated requirements have been regolved.
NOTE3  Adapted and.open source software frequently have existing functions that are not utilized in the
system of interest. For integrated systems, systems of systems and systems containing COTS compg¢nents,

the requirements for the solution of interest can still be ‘complete’.

— Consistent. The set of requirements contains individual requirements that are unique, do not
conflict withyor overlap with other requirements in the set, and the units and measurement sylstems
are homogeneous. The terminology used within the set of requirements is consistent, i.e. thd same
termdisused throughout the set to mean the same thing.

— Feasible. The complete set of requirements can be realized within entity constraints (e.g} cost,
schedule, technical) with acceptable risk.
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— Comprehensible. The set of requirements is written such that it is clear as to what is expected by the
entity and its relation to the system of which it is a part.

— Able to be validated. It is practicable that satisfaction of the requirement set will lead to the
achievement of the entity needs within constraints (e.g., cost, schedule, technical, legal and
regulatory compliance).

Careful checking of the requirements set for these characteristics is critical to avoiding requirements
changes and growth (‘requirements creep') during the life cycle that will impact the cost, schedule or
quality of the system.
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5.2.7 Requirement language criteria

When writing textual requirements, implementing the following considerations will result in well-
formed requirements employing the characteristics above.

Requirements should state 'what' is needed, not 'how'. Requirements should state what is needed for
the system-of-interest and not include design decisions for it. However, as requirements are allocated
and decomposed through the levels of the system, there can be recognition of design decisions/solution
architectures defined at a higher level. This is part of the iterative and recursive application of the

requirements, architecture and design processes.

Vague and general terms shall be avoided. They result in requirements that are often difficult oreven
impogsible to verify or may allow for multiple interpretations. The following are types of unbounded or
ambiguous terms:

— superlatives (such as 'best’, 'most');
— subjective language (such as 'user friendly’, 'easy to use’, 'cost effective');
— vague pronouns (such as 'it', 'this’, 'that');

— alnbiguous terms such as adverbs and adjectives (such as 'almost always', 'significant’, 'minimal')
amnd ambiguous logical statements (such as ‘or’, ‘and/or’);

NPTE1 Consider multiple requirements when encountering terms such as ‘or’, ‘and’, or ‘and/or’.

— open-ended, non-verifiable terms (such as 'provide support,»but not limited to', 'as a minimum");
— comparative phrases (such as 'better than', 'higher quality');

— ldopholes (such as 'if possible', 'as appropriate’, 'as.applicable');

— tgrms that imply totality (such as ‘all’, ‘always/;‘never’, and ‘every’);

NPTE 2 Itis very difficult to verify such requirements.

— irjcomplete references (not specifyingthe reference with its date and version number; not specifying
just the applicable parts of the refergnce to restrict verification work).

All agsumptions made regarding.a requirement shall be documented and validated in one of the
requirement's attributes in 5.2/8 (e.g., rationale) associated with a requirement or in an accompanying
document. Include definitions.as declarative statements, not requirements.

5.2.8| Requirementsattributes

5.2.8.1 General

To support requirements analysis, well-formed requirements should include descriptive attributes
defindd te assist in identifying relevant requirements and to help in understanding and managing the
requireéments. The attribute information should be associated with the requirements in the selected

requirements repository.

5.2.8.2 Examples of requirements attributes
Important examples of requirements attributes include:

— Identification. Each requirement should be uniquely identified (i.e., number, name tag, mnemonic).
Identification can reflect linkages and relationships, if needed, or they can be separate from
identification. Unique identifiers aid in requirements tracing. Once assigned, the identification is
unique - it is never changed (even if the identified requirement changes) nor is it reused (even if the
identified requirement is deleted).
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Version Number (and indication of the version of the requirement). This is to make sure that the
correct version of the requirement is being implemented as well as to provide an indication of the
volatility of the requirement. A requirement that has a lot of change could indicate a problem or risk
to the project.

Owner. The person or element of the organization that maintains the requirement, who has the
right to say something about this requirement, approves changes to the requirement, and reports
the status of the requirement.

5.2.8.3 Examples.of the requirements type attribute

Important examples of the requirements type attribute include:

Stakeholder Priority. The priority of each requirement should be identified. This may be establlished
through a consensus process among potential stakeholders. As appropriate, a scale such\as|1-5 or
a simple scheme such as High, Medium or Low, could be used for identifying the priority of each
requirement. The priority is not intended to imply that some requirements are notnecessary, but
it may indicate what requirements are candidates for the trade space when decisions regarding
alternatives are necessary. Prioritization needs to consider the stakeholders who nedd the
requirements. This facilitates trading off requirements and balancing the impact of changes gmong
stakeholders.

Risk. A risk value assigned to each requirement based on risk factorg-Requirements that are at risk
includerequirements thatfail to have the set of characteristics that well-formed requirements ghould
have. Failing to have these characteristics can result in the requirement not being implenjented
(fails system verification) and entity needs not being realized((fails system validation). Risk cgn also
address feasibility/attainability in terms of technology, schedule, cost, politics, etc. If the techiology
needed to meet the requirement is new with a low maturity the risk is higher than if using a rIature
technology used in other similar projects. Risk may als6 be inherited from a parent requirenjent.

NOTE Additional guidance on risk factors can befound in ISO/IEC 16085.

Rationale. The rationale for establishing each requirement should be captured. The ratjonale
provides the reason that the requirementis'needed and points to any supporting analysis) trade
study, modelling, simulation or other substantive objective evidence.

Difficulty. The assumed difficulty for each requirement should be noted (e.g., Easy/Nominal/
Difficult). This provides additional’context in terms of requirements breadth and affordability. It
also helps with cost modelling:

Type. Requirements vary in' intent and in the kinds of properties they represent. Use of & type
attribute aids in identifyring relevant requirements and categorizing requirements into groyps for
analysis and allocation:

Functienal/Performance. Functional requirements describe the system or system element funictions
or-tasks to be performed by the system. Performance is an attribute of function. A perforjnance
requirementalone is an incomplete requirement. Performance is normally expressed quantitatively.

NOTE 1 There can be more than one performance requirement associated with a single fupction,

functional requirement or task.

Interface. Interface requirements are the definition of how the system is required to interact
with external systems (external interface), or how system elements within the system, including
human elements, interact with each other (internal interface). External interface requirements
state characteristics required of the system, software or service at a point or region of connection
of the system, software or service to the world outside of the item. They include, as applicable,
characteristics such as location, geometry and what the interface is to be able to pass in each
direction.

Process Requirements. These are stakeholder, usually acquirer or user, requirements imposed
through the contract or statement of work. Process requirements include: compliance with national,
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state or local laws, including environmental laws, administrative requirements, acquirer/supplier
relationship requirements and specific work directives. Process requirements may also be imposed
on a program by corporate policy or practice. System or system element implementation process
requirements, such as mandating a particular design method, are usually captured in project
agreement documentation such as contracts, statements of work and quality plans.

— Quality (Non-Functional) Requirements. - Include a number of the ‘ilities' in requirements to
include, for example, transportability, survivability, flexibility, portability, reusability, reliability,
maintainability and security. The kinds of quality requirements (e.g., "ilities") should be identified

p
d

— U

N

— H

N

5.3

5.3.1

Two f
proce

[ior to initiating the requirements activities. This should be tailored to the system(s) being
tveloped. As appropriate, measures for the quality requirements should be included as well.

bability/Quality-in-Use Requirements (for user performance and satisfaction) - Provide the basis for

the design and evaluation of systems to meet the user needs. Usability/Quality-in-Use requirements
are developed in conjunction with, and form part of, the overall requirements specificatie/of a system.

DTE 2 Additional guidance on software quality requirements can be found in the<JSO/IEC SQuaRE

standards, especially ISO/IEC 25030, and in ISO/IEC 25010.

iman Factors Requirements. - State required characteristics for thesgutcomes of interaction

wlith human users (and other stakeholders affected by use) in terms.of safety, performance,
effectiveness, efficiency, reliability, maintainability, health, well-beéing and satisfaction. These
include characteristics such as measures of usability, including -€ffectiveness, efficiency and
sgtisfaction; human reliability; freedom from adverse health effects.

DTE 3 Additional guidance on human factors requirements canbe found in 6.3.3.4.
Practical considerations

Application of iteration and recursion

brms of process application - iterative andvecursive - are essential and useful for applying the
5ses defined in this document.

5.3.1.l Iterative application of processes

When|

the application of the same process or set of processes is repeated on the same level of the system,

the application is referred to aSyiterative. Iteration is not only appropriate but also expected. New
information is created by thé application of a process or set of processes. Typically this information

takes
quest

the form of questigns‘with respect to requirements, analyzed risks or opportunities. Such
ons should be resolved before completing the activities of a process or set of processes. When

re-application of activities or processes can resolve the questions, then it is useful to do so. Iteration

can b

e required te)determine that information with admissible quality is used prior to applying the

next grocess or set.of activities to a system-of-interest. In this case iteration adds value to the system to
whichfthe processes are being used. See Figure 2.

NOTE There can also be internal iteration within a process. This is not shown in Figure 2 for simplicity of
the figute;
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Figure 2 — Iterative and recursive application of processes

5.3.1.2 Recursive application of processes

When the same set of processes or the’same set of process activities are applied to successive|levels
of system elements within the system structure, the application form is referred to as recursive. The
outcomes from one application-ate used as inputs to the next lower (or higher) system in the system
structure to arrive at a more detailed or mature set of outcomes. Such an approach adds vaflue to
successive systems in thesystem structure. Figure 2 illustrates the recursive application of professes
to systems from the top down. The stakeholder requirements definition process may only be applied
at the system-of-interest level. However, the requirements, architecture and design processes npay be
applied at each successive level of recursion.

NOTE The-récursion can also be bi-directional, with requirements from the system requiring flurther
analysis at the'system-of-interest level.

5.3.2_-llteration and recursion in requirements engineering

Since different groups of stakeholders often view the system from differing levels of system strycture,
itis necessary to define and document requirements statements at lower, more detailed level§ than

just the overall system-of-interest. Allocating or distributing the system requirements to the system
elements accomplishes this. The activity of allocating requirements to system elements is part of the
Architecture Definition process and proceeds in parallel with the definition of the system architecture.
There may be multiple iterations between the requirements processes and other processes in the life
cycle (e.g., architecture, design) to resolve trade-offs between the requirements and architecture.

The main forms of appropriate iteration within requirements engineering include:
— purposeful iteration within requirements analysis, between analysis activities;

— planned iteration from downstream activities back to requirements analysis because of a predicted,
significant, genuine rate of change of requirements that reflect change of need;

© ISO/IEC 2018 - All rights reserved
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— planned or unplanned iteration from downstream activities back to requirements because of
feasibility and balance issues arising from risk due to technology or implementation issues, or risk
due to limited knowledge of them;

— unplanned iteration from downstream activities back to requirements because of other solution
issues, such as changes to or defects in non-developmental system elements, or obsolescence of
system elements;

— reverse engineering of requirements for reasons of regulatory compliance; and

ited iteration from downstream activities back to requirements analysis because of the reality
tHat requirements can never be perfect, nor is it cost-effective to try to make them so.

ion is a major strategy in the successful engineering of systems beyond trivial comiplexity.
Desigh of the system of interest creates requirements on system elements, the design of which creates
requifements on lower physical system elements, and so on. Thus the activities of‘dequirements
engineering addressed in this document can be, and usually should be, applied “with respect to
progressively subordinate solution elements.

One of the main objectives of architecting is to determine how to partition,the system; that is, how
to identify which requirements should be allocated to which system eleniehts. As system elements
are de¢fined, additional requirements statements (called derived requirements) should be created to
defing relationships between the architectural elements of the systemto’provide necessary clarity in
the cantext of the lower levels of abstraction of the system elements; or to specify design constraints
or pefformance levels on system elements. This is accomplished<hrough recursive application of the
requifements definition processes.

In addition, some requirements cannot be derived until seme portion of the architecture or design
evolvgs. Some requirements depend on how several system elements inter-operate. For example,
the information throughput of a system is dependent on the interaction of the system hardware,
softwfre, personnel actions and environment. Recursive and iterative application of the requirements,

6.3.3 details the-process to define requirements, including how to apply iteration and recursion to
requirements fully, particularly with regards to requirements negotiation during the analysis, allocation

This $ubtlause describes the relationship between the requirements processes and requirement
information items by illustrating a typical application style in a project.

© ISO/IEC 2018 - All rights reserved
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Figure 3 — Example of requirements scope in a business context

Requirements processes and their resultant specifications depghd-on the scope of the system for which
the requirements are to be defined. Requirements for a systent or system element to be developed or
changed are subject to organization level requirements for the business or organizational operation.
The requirements for the system or system element are-allocated to lower level systems progresgively.
A typical view for the scope of a system and the corresponding requirements is illustrated in Figure 3.

NOTE1 The term business is used even though it-¢ould apply to not-for-profit organizations such as|in the
public sector. Users of this document can replace each'eccurrence of the term business with the term organjzation
or organizational depending on the users’ environment.

The business requirements specification“(BRS), the stakeholder requirements specification (StRS),
the system requirements specificatien(SyRS) and the software requirements specification (SRS) are
intended to represent different sets-of requirement information items. The specifications correspond
to the requirements in Figure 3-as-follows: BRS - Business Requirement (business management [evel);
StRS - Stakeholder Requirement’(business operational level); SyRS - System Requirements; and SRS -
Software Requirements. ThHesé information items can be applied to multiple specifications (inst nces)
iteratively or recurswely An example of a sequence of requirements processes and specificati
illustrated in Figure 4!

EXAMPLE1 ThelSyRS can be used for a system or a system element. The SyRS can also be used to §pecify
software requiréments.

EXAMPLE 2¢/~The SRS can be used for lower level software requirements for software specific elemerts of a
system or.system element.

NOTEZ2 There can be cases where projects are not driven by business requirements, but by mission
requirements. An information item such as a Mission Requirements Specification could be considered in sucH cases.
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Figure 4 — Example of the relationships between requirements prt@éSes and specifications

&

The Cpncept of Operation (ConOps) and the System Operational Conc@t OpsCon) are useful in eliciting
requifements from various stakeholders in an organization and ds a practical means to communicate
and share the organization's intentions. The ConOps, at the org ionlevel, addresses the leadership's
intended way of operating the organization. It may refer to.the use of one or more systems as 'black
boxes|. The OpsCon addresses the specific system-of-interx&”om the user's view point.

Inforrhation items represented in the BRS, StRS, SyR&@RS, ConOps, and OpsCon are interdependent.
The development of these items requires interacti&g and cooperation, particularly in relation to the
busingss processes, organizational practice and&@mns for technical solutions.

Differpnt types of systems can have pars\@l documentation for the various requirements they
contaln. However, in general, they will st ith a BRS, an StRS and an SyRS, and include the software
specifiications as well as those for har e and interfaces.

6 Processes O®
O

6.1 [Requirement pr@'ses

The project shall i
IEEE 15288 and I
and I1§0/IEC/1

ent the following requirements engineering processes as defined in ISO/IEC/
C/IEEE 12207, depending on the adherence to one or both of ISO/IEC/IEEE 15288

— Bjsine§§or mission analysis process (ISO/IEC/IEEE 15288:2015, 6.4.1 or ISO/IEC/
IH E%L 207:2017, 6.4.1).

— Stakeholder needs and requirements delinition process (ISUO/IEC/IEEE 15Z2606:2015, 6.4.2 or 150/
IEC/IEEE 12207:2017, 6.4.2)

— System requirements definition process (ISO/IEC/IEEE 15288:2015, 6.4.3) or System/software
requirements definition process (ISO/IEC/IEEE 12207:2017, 6.4.3)

6.1.1 Guidelines for processes

In this document, the requirements related processes are elaborated upon, in order to provide the user
with additional planning and implementation guidance.
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Beginning with 6.2, original ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 tasks relevant to this
document are highlighted in a box, to show the reader the original text being elaborated. Tasks that
are not relevant were omitted, but the original numbering from ISO/IEC/IEEE 15288 and ISO/IEC/
IEEE 12207 was retained. The original source references are included in the lower right hand corner.

The original ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 purposes and outcomes relevant

to this

document are used in their entirety, without any change, for the subset of processes that are relevant to

requirements engineering.

In many cases, ISO/IEC/IEEE 15288 refers to systems while ISO/IEC/IEEE 12207 refers to so

ftware

systems or systems/software. To avoid excessive repetition, this variation is shown in the baxdd text
by bracketed text for the wording in ISO/IEC/IEEE 12207, e.g., system [software system]-\Whefre the

variation is more significant, the entire task text is included for both source documents.
The principal processes are:

1) Business or Mission Analysis process;

2) Stakeholder Needs and Requirements Definition process; and

3) System [System/Software] Requirements Definition process.

These three processes resultin a baseline set of requirements that flow into the Architecture and Pesign
processes where the requirements are allocated, decomposed‘and traced to system elementf. The
Architecture and Design processes also include allocation of requirements that initiate the recprsive

and iterative application of the requirements processes. This,isapplied based on the project's syst

¢m life

cycle model definition as described in ISO/IEC/IEEE 24748-1. The Architecture and Design professes

include allocation and decomposition of requirements! that trigger the recursive application

of the

requirements processes for the definition of system elément requirements and the iterative applifation
of the System [System/Software] Requirements Definition process for derived requirements. There are

also other technical and project processes thathave requirements-related activities or tasks.

NOTE See ISO/IEC/IEEE 42020 for additional information on the architecture process.
6.2 Business or mission analysis-process

6.2.1 Purpose

The purpose of the Business or Mission Analysis process is to define the business or mission pro
or opportunity, characterize the solution space, and determine potential solution class(es) that c
address a problem ontake advantage of an opportunity.

[ISO/IEC/IEEE 15288:2015, 6
[ISO/IEC/IEEE 12207:2017, 6

blem
buld

4.1.1]
4.1.1]
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6.2.2 Outcomes

a)
b)
0
d)
e)
f)
g)

As aresult of the successful implementation of the Business or Mission Analysis process:

The problem or opportunity space is defined.
The solution space is characterized.

Preliminary operational concepts and other concepts in the life cycle stages are defined.

(Jandidate alternative solution classes are identified and analyzed.

he preferred candidate alternative solution class(es) are selected.

raceability of business or mission problems and opportunities and the preferréd, alternative

T
Any enabling systems or services needed for business or mission analysis are available.
T
splution classes is established.

[ISO/IEC/IEEE¥5288:2015, 6.4.1.2]
[ISO/IEC/HEEE 12207:2017, 6.4.1.2]

6.2.3 | Activities and tasks

The

6.2.3I General

roject shall implement the following activities and{tasks in accordance with applicable

organjzation policies and procedures with respect to the Businéss or Mission Analysis process.

6.2.3. Prepare for Business or Mission Analysis

This activity consists of the following tasks.

Revigw identified problems and opportuniti€siin the organization strategy with respect to desired
orgarjization goals or objectives.

[ISO/IEC/IEEE 15288:2015, 6.4.1.3 a) 1)]
[ISO/IEC/IEEE 12207:2017, 6.4.1.3 a) 1)]

The drganization strategy generally includes the intended direction and the business or mission
objectlives for the organization, including any problems or opportunities that should be addressed.
By reyiewing problems_and opportunities with respect to the organization’s business or mission, the
organjzation can idenfify deficiencies or gaps in existing capabilities, systems, products or services.
Probl¢ms and oppoftunities can also be identified and reviewed from a view of risk to human health,
propefty or envirohmental preservation.

Define the business or mission analysis strategy.

[ISO/IEC/IEEE 15288:2015, 6.4.1.3 a) 2)]

[ISO/TEC/TEEE 1220772017, 6.4.1.3a) 2]]

The strategy includes approaches, milestones, resources and specific considerations required to
conduct business or mission analysis and to help ensure the business or mission needs are elaborated
and formalized into business/mission requirements. This also includes the approach to be employed to

22
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identify the problem space and the specific problem or opportunity, to characterize the solution space
and the suitable solution classes and to select a solution class.

Identify and plan for the necessary enabling systems or services needed to support business or mis-
sion analysis.

[ISO/IEC/IEEE 15288:2015, 6.4.1.3 a) 3)]
[ISO/IEC/IEEE 12207:2017, 6.4.1.3 a) 3)]

or mission analysis, they include business systems and repositories of the organization,“bufsiness
development and market analysis resources, and other systems or services that provide insight for the
assessment and analysis of the problem space and solution space. This can also include resources or
services that are external to the organization, such as business intelligence, market\trend analysis or
benchmarking repositories or services.

Enabling systems or services facilitate the life cycle activities of the system. In the case of bulFiness

Obtain or acquire access to the enabling systems or services to be used.
[ISO/IEC/IEEE 15288:2015, 6.4.1.3]a) 4)]

[ISO/IEC/TEEE 12207:2017, 6.4.1.3]a) 4)]

This can include scheduled or specified access to business data syStems or other resources that aife held
internal or external to the organization.

6.2.3.3 Define the problem or opportunity space

This activity consists of the following tasks.

Analyze the problems and opportunities in thecontext of relevant trade-space factors.
[ISO/IEC/IEEE 15288:2015, 6.4.1.3|b) 1)]

Analyze customer complaints, problems\and opportunities in the context of relevant trade-spade
factors.

[ISO/IEC/IEEE 12207:2017, 6.4.1.3|b) 1)]

In preparation for the identification and evaluation of solution classes, this task is associated with the
understanding of the scopefbasis or drivers of the identified problems or opportunities. The focuk is on
changes in mission requirements, business opportunities, capabilities, improvements in some duality
or performance aspedt, or some increase in efficiency. The trade space factors are the most dritical
criteria for determining the viability of an alternative. These factors define the problem in tefms of
what is important®o the mission or business opportunity. The criteria may be technical paranjeters,
such as measures of effectiveness, or business parameters, such as market share.

NOTE Improvements in quality include safety, security, accessibility and usability. Improvemgnts in
performance include reliability, user satisfaction and service level. Increases in efficiency include user efficiency,
time efficiency, resource utilization or capacity.

Define the mission, business, or operational problem or opportunity.
[ISO/IEC/IEEE 15288:2015, 6.4.1.3 b) 2)]

[ISO/IEC/IEEE 12207:2017, 6.4.1.3 b) 2)]

Every analysis task should begin with a concise statement of the opportunity or problem. While
business or mission management may find it difficult to define the problem or opportunity concisely,
the subsequent analysis is invariably likely to fail if the owners of the problem or opportunity cannot
articulate it succinctly at the outset. In some organizations, the problem or opportunity may be
captured in a concise statement, sometimes called a mission statement or strategic business objective.
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6.2.3.4 Characterize the solution space

This activity consists of the following tasks.

Define preliminary operational concepts and other concepts in life cycle stages.

[ISO/IEC/IEEE 15288:2015, 6.4.1.3 ¢) 1)]
[ISO/IEC/IEEE 12207:2017, 6.4.1.3 ¢) 1)]

Busin
elabot
subse

a T
th
th

b) T
C(

¢ T
in

d T
fq

e) T
in

As thg
focus

PSS O mission management prepare a number of preliminary life cycle concepts which are
ated and refined in much more detail by stakeholders at the business operations level in_the
quent Stakeholder Needs and Requirements Definition process. Typical life-cycle concepts include:

he OpsCon outlines operational aspects of the system solution (new or evolved) in the dontext of
e intended operation of the organization. It provides the lower-level operations-oriented concepts
at address a part of the organization's ConOps.

he Acquisition Concept describes the way the system solution will be acquiredircluding aspects

such as stakeholder engagement, source of the solution, requirements definition, solicitation and

ntracting issues, design, production and verification.

he Deployment Concept describes the way the system solution will be validated, delivered and
troduced into operations.

he Support Concept describes the desired support infrastructure and manpower considerations
r supporting the system solution after it is deployed. A{Support concept addresses operating

support, engineering support, maintenance support, supply support and training support.

he Retirement Concept describes the way the system‘will be removed from operation and retired,
cluding the disposal of any hazardous materials.used in or resulting from the process.

se are typical examples of life cycle concepts; others may also be created to address a specific
pf the life cycle. The set of life cycle concepts,especially the OpsCon, are important in establishing

the correct requirements to address the problem or opportunity.

NOTE

The eventual system solution cafi)be a new system, an evolution of an existing system or set of

systenps, an operational change to an exisfing system or set of systems, or some combination of these.

Ident]

ify candidate alternative-solution classes that span the potential solution space.
[ISO/IEC/IEEE 15288:2015, 6.4.1.3 c) 2)]

[ISO/IEC/IEEE 12207:2017, 6.4.1.3 ¢) 2)]

This

oppor]
to be

problg

hctivity identifies and describes the classes of solutions that can address the problem or
tunity. At the early stage of requirements engineering, business or mission management needs
carefulto describe their needs and requirements in logical terms — that is, in terms of the
m-domain (the business and operational environment). For any problem domain, however, there

is nor

mally a range of potential solution classes within the solution domain. Each alternative solution

class will represent a group of solutions that may represent a completely different type design and even
a different type of project. A feasibility analysis is therefore an essential step to narrowing the solution
domain so that the subsequent project can be managed effectively and efficiently.
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6.2.3.5 Evaluate alternative solution classes

This activity consists of the following tasks:

Assess each alternative solution class.
[ISO/IEC/IEEE 15288:2015, 6.4.1.3

[ISO/IEC/IEEE 12207:2017, 6.4.1.3

d) 1)]
d) 1]

Feasible alternatives are considered 1n terms of available resources such as money, time, personn
materials. The trade space factors play a major role in the set of assessment parameters and.dd
criteria. The trade space factors are the most critical criteria for determining the viability
alternative solution class. These factors define the problem in terms of what is importantto'the m
or business opportunity. The criteria may be technical parameters, such as measures '6f effectiv
or business parameters, such as market share. For the establishment and conduct/of the trade
and assessment of the alternatives, refer to ISO/IEC/IEEE 15288:2015, 6.3.4-and 6.4.6, or 1S(
IEEE 12207:2017, 6.3.4 and 6.4.6.

el and
cision
of an
ission
eness,
study

/IEC/

Select the preferred alternative solution class(es).
[ISO/IEC/IEEE 15288:2015, 6.4.1.3

[ISO/IEC/IEEE 12207:2017, 6.4.1.3

d) 2)]
d) 2)]

For information on the execution of the decision analysis (trade'study) and making the decision ¢
the alternatives, refer to ISO/IEC/IEEE 15288:2015, 6.3.4-0ot ISO/IEC/IEEE 12207:2017, 6.3.4, D¢
Management.

6.2.3.6 Manage the Business or Mission Analysis

This activity consists of the following tasks.

mong
cision

Maintain traceability of business or mission analysis.
[ISO/IEC/IEEE 15288:2015, 6.4.1.3

[ISO/IEC/IEEE 12207:2017, 6.4.1.3

e) 1]
e) 1]

Requirements traceability should be established and maintained to document how the business
and requirements are intended to meet the business problems and opportunities and how th
related to preferred alternative solution classes and stakeholder needs and requirements. Bu
and mission needs and requirements need to be captured, traced, and maintained througho
system life cycle and’beyond. Use of a requirements management tool can facilitate this process

discussion on the'application of traceability can be found in 6.4.3.5 of this document under task 2|

needs
by are
Kiness
it the

More

Provide ke¥: [artifacts and] information items that have been selected for baselines.
[ISO/IEC/IEEE 15288:2015, 6.4.1.3

[ISO/IEC/IEEE 12207:2017, 6.4.1.3

e) 2)]
e) 2)]

d fifact o Indo +ha 1PN

KAy infaormations tbnamac o A wronld 1n el nralimiinanyy ifa o concante 1noliads
YOy T oT THa o reCrsantar crrat oS vy ottt mCroaC—onC—promrar y rC—Cy Cre—Contepes;tratiT

g: the

OpsCon, the acquisition concept, the deployment concept, the support concept and the retirement
concept. Additionally, the trade study reports and supporting analysis may also be considered to be key

information items.
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6.3

6.3.1

Stakeholder needs and requirements definition process

Purpose

Itide
and t
mentp
and t

ating

The purpose of the Stakeholder Needs and Requirements Definition process is to define the stake-
holder requirements for a system that can provide the capabilities needed by users and other stake-
holders in a defined environment.

ntifies cf:\l(nhnlrlm‘c orstakeholder r‘]nccpc involved with the system fhrmlohmlf its life r‘vr]n

heir needs. It analyzes and transforms these needs into a common set of stakeholder require-
5 that express the intended interaction the system will have with its operational environment
hat are the reference against which each resulting operational capability is validated. The stake-

holdgr requirements are defined considering the context of the system of interest with the intetoper-

systems and enabling systems.
[ISO/IEC/IEEE 15288:2015, 6.4.2.1]

[ISO/IEC/IEEE 12207:2017, 6.4.2.1]

6.3.2| Outcomes
As a result of the successful implementation of the Stakeholder Needs and-Requirements Definition
procgss:
a) Stakeholders of the system are identified.
b) Required characteristics and context of use of capabiliti€s ‘d@nd concepts in the life cycle stages,
including operational concepts, are defined.
¢) (onstraints on a system are identified.
d) Sgakeholder needs are defined.
e) Stakeholder needs are prioritized and transformed into clearly defined stakeholder requirements.
f) (ritical performance measures are defined.
g) Stakeholder agreement that theif needs and expectations are reflected adequately in the
requirements is achieved.
h) Any enabling systems or/services needed for stakeholder needs and requirements are available.
i) Traceability of stakeholder requirements to stakeholders and their needs is established.
[ISO/IEC/IEEE 15288:2015, 6.4.2.2]
[ISO/IEC/IEEE 12207:2017, 6.4.2.2]
6.3.3 | Activitiés and tasks
6.3.3.1“)General

The project shall implement the following activities and tasks in accordance with applicable organization
policies and procedures with respect to the Stakeholder Needs and Requirements Definition process.
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6.3.3.2 Prepare for Stakeholder Needs and Requirements Definition

This activity consists of the following tasks.

Identify the stakeholders who have an interest in the [software] system throughout its life cycle.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3 a) 1)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3 a) 1)]

It 1s best to 1dentity all stages of the system life cycle, and then 1dentity the individual stakeholders or
stakeholder classes who have a legitimate interest in the system throughout its life cycle. Requirements
elicited from a stakeholder can be dependent on the role, responsibility and position of theystakeholder
in the organization. Identify all of the stakeholder classes that have a role or interestjin‘the dpsired
product or service. Then identify those stakeholders who have strong influence on.go6als, strategies,
operations and the target system. The list of stakeholder classes is often modified-with time a§ more
is learned about the desired product or service. Representatives from each stakeholder class ghould
be identified and include multi-level perspectives. Information gathered from“only one stakeholder
class, or only one level, is likely to be biased from a single perspective. A representative cross-section
of stakeholders is necessary to provide the true picture of the problem of gpportunity to be addrgssed.

Define the stakeholder needs and requirements definition strategy.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3]a) 2)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3a) 2)]

The strategy includes approaches, milestones, resources ‘and specific considerations required t¢ elicit
and capture the stakeholder needs and transform them into stakeholder requirements. This infludes
how to deal with opposing interests. In the case ‘ef‘opposing stakeholder needs, it is useful td start
by looking for the areas where there is consensus on a subset of the needs and then build ouf from
there to establish a common set of stakeholder'requirements. In some cases, the diverse or opposing
stakeholder needs may result in the realization that the solution may need to accommodate V;;T;iants
of requirements, which can be variants.in-operational, logical or physical aspects of the solutiop. The
strategy addresses how to deal with the diverse and possibly opposing needs.

Identify and plan for the necessary’enabling systems or services needed to support stakeholder needs
and requirements definition.

[ISO/IEC/IEEE 15288:2015, 6.4.2.3a) 3)]
[ISO/IEC/IEEE 12207:2017, 6.4.2.3a) 3)]

Enabling systemscor-services facilitate the life cycle activities of the system. In the case of stakeholder
needs and requirements definition, they include tools and repositories that can be used to elicit[needs
and requirerents from stakeholders and to capture, manage and transform this informatior]. This
can also ineltde tools and repositories that maintain information about systems that provide |nputs
or receive'outputs at the interfaces or that provide necessary capabilities for the needs, such ps the
baseline information for the organizations portfolio of systems.

Obtain or acquire access to the enabling systems or services to be used.

[ISO/IEC/IEEE 15288:2015, 6.4.2.3 a) 4)]
[ISO/IEC/IEEE 12207:2017, 6.4.2.3 a) 4)]

This can include scheduled or specified access to business data systems or other resources that are held
internal or external to the organization.
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6.3.3.3 Define stakeholder needs

This activity consists of the following tasks.

Define context of use within the concept of operations and the preliminary life cycle concepts.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3 b) 1)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3 b) 1)]

The CpnOps describes an organization's assumptions or intent in regard to an operation or series of
operations. It is often captured in long-range strategic plans and annual operational plans and_can
cover p series of connected operations that are carried out simultaneously or in succession. The coneept
gives ain overall picture of the organization operations. It provides the basis for bounding the operdting
spacef system capabilities, interfaces and operating environment. Sometimes, the context \6f use is
captufed using a Context of Use Description (see ISO/IEC 25063). Preliminary life cycle\edncepts are
develgped by the Business or Mission Analysis process.

Identfify stakeholder needs.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3 b) 2)]

[ISO/IEC/IEEE"12207:2017, 6.4.2.3 b) 2)]

Identification of stakeholder needs includes elicitation of needs directly from the stakeholder(s),
identification of implicit stakeholder needs based on domain knowledge'and context understanding, and
documented gaps from previous activities. Needs often includeanéasures of effectiveness. Functional
analy$is is often used to aid in the elicitation of needs. Also, quality characteristics of the quality model
in ISOYIEC 25010 and quality model application to requirements definition in ISO/IEC 25030 are useful
to eli¢it and identify quality requirements of non-functienal requirements, which are often implicit
stakelpolder needs.

Priorjitize and down-select needs.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3 b) 3)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3 b) 3)]

Use the Decision Management proces§ (ISO/IEC/IEEE 15288:2015, 6.3.4 or ISO/IEC/IEEE 12207:2017,
6.3.4)[to assist in setting up the assessment and selection of the needs. Other processes may be used
to provide insight for the assessmient and selection, such as the Measurement process (ISO/IEC/
IEEE 15288:2015, 6.3.7 or ISQ/LEC/IEEE 12207:2017, 6.3.7) to provide quantitative insight, the System
Analypis process (ISO/IECAEEE 15288:2015, 6.4.6 or ISO/IEC/IEEE 12207:2017, 6.4.6) to provide
analysis results of specific-parameters, or the Risk Management process (ISO/IEC/IEEE 15288:2015,
6.3.5 pr ISO/IEC/IEEE-12207:2017, 6.3.5) to provide insight into the technical, cost, schedule or other
risks or opportunitiesiassociated with the needs.

Definle the stakeholder needs and rationale.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3 b) 4)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3 b) 4)]

In most systems, there can be many sources of needs and ultimately, requirements, and it is essential
that all potential sources are identified and evaluated for their impact on the system. Some of the
common sources and issues that need to be dealt with are:

— Goals - The term ‘Goal’ (sometimes called ‘business concern’ or ‘critical success factor’) refers to the
overall, high-level objectives of the system. Goals provide the motivation for a system but are often
vaguely formulated. It is important to assess the value (relative to priority) and cost of goals.

— Mission profile - How will the system perform its mission? How will the system contribute to

business or organizational operations?
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Operational scenarios - Are there any special scenarios that need to be accounted for? Scenarios

can be used to define operational concepts and to bound the range of anticipated uses of s
products, the intended operational environment and interfacing systems, platforms or pro

ystem
ducts.

Scenarios help identify requirements that might otherwise be overlooked. Decomposition of a
scenario into smaller parts can help reveal activities that might lead to identifying requirements. A

“Day-in-the-Life” analysis allows an analyst to walk through a use of the system in a typical

usage

cycle. This type of analysis might draw out requirements from a perspective other than traditional

structured system thinking.

NOTE1  5.2.3 describes the use of the Concept of Operations and the System Operational Concept.d
to elicit, document and capture the information needed to build requirements.

Operational environment and context of use - Requirements are derived from the.enviro
in which the system or software product will operate. Will it operate in hot or\eold cond
externally, or other equally restrictive conditions? What are the characteristics,timing and qu|
(workload) of interactions with the system environment? Are there any timihg constrainf
real-time system or interoperability constraints in a business environmént-Such as constra
operational hours? Other aspects of the environment (threats and intereperating systems) c3
lead to requirements upon the system. These can greatly affect system feasibility and cos
restrict design choices.

Operational deployment - When will the system be used? Will' it be deployed during the
middle or wrap up phases of a need?

Performance - What are the critical system parameters’'to accomplish the mission?

Effectiveness - How effective/efficient should the syStem be in performing its mission? What 3
applicable measures of effectiveness? Does the system have to be available to perform its miss
minimum amount of time, such as 90-percentof'the time?

Operational life cycle - How long will the syStem’s life time be? 20 years? 30 years? How many|
per year should the system operate?

Organizational environment - Mdny systems are required to support an organization's p
and this may be conditioned by{the structure, culture, and internal politics of the organizat
general, new systems should.not force unplanned change to the business process.

User and operator characteristics - Who will be using or operating the system? How will they v
role, skill level and expected workload? What are the expectations or constraints on their cap
and availability? Should allowance be made for accessibility?

NOTE2  There-are very few systems for which there are no significant risks related to use,
operators, maintainers or some source of human-system issues. See ISO 9241-220:—, E.5 for a descrip
the types©fiharm that can result from use of a system.

NOTE3~" See ISO/IEC TR 29138-1 for additional information on accessibility.

NOTE 4  For additional information on user needs see ISO/IEC 25064, and for identifying us
environmental characteristics see ISO 9241-11 and ISO/IEC 25063.
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6.3.3.4 Develop the operational concept and other life cycle concepts

This activity consists of the following tasks.

Define a representative set of scenarios to identify all required capabilities that correspond to antici-
pated operational and other life cycle concepts.

[ISO/IEC/IEEE 15288:2015, 6.4.2.3 ¢) 1)]
[ISO/IEC/IEEE 12207:2017, 6.4.2.3 c) 1)]
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Scenarios can be used to define the concept documents and bound the range of anticipated uses
of system products, the intended operational environment and interfacing systems, platforms or
products. Scenarios help identify requirements that might otherwise be overlooked. Scenarios may help
to establish critical and desired system performance thresholds and objectives for system performance
parameters that are critical for system success. They may also establish those that are desired but may
be subject to compromise in order to meet the critical parameters. Use case approaches can also be
used to define concept documents. Under this approach, a set of actors (systems and classes of people
that interact with the system) is identified, along with their goals, purposes and needs for the system.

The usecases-are analyvprl to idnnh'f:y stalkeholder rﬂqnirnmnnfc

Differpnt levels of abstraction or presentation mechanisms are often necessary to address the full range
of stakeholders, including the acquirer, user and supplier.

A number of preliminary life cycle concepts that are initiated by the Business or Mission'Analysis
process are elaborated and refined in much more detail by stakeholders in the Stakeholdér)Needs and
Requirements process. These include the OpsCon, Acquisition Concept, Deployment Gonc¢ept, Support
Concept, Retirement Concept and others created to address a specific focus of the life.cycle.

Identfify the interaction between users and the system.

[ISO/IEC/IEEE15288:2015, 6.4.2.3 c) 2)]
Identfify the factors affecting interactions between users and the systens;

[ISO/IEC/IEEE 12207:2017, 6.4.2.3 c) 2)]

These| factors can include the workplace environment, conditiens of normal or unusual use and the
users’|expected skills and knowledge. System usability requiréments depend on these factors.

Consigleration of human systems integration (HSI) is an inipertant concept within systems engineering.
HSI focuses on the human over the system life cycle. It promotes a total system approach that includes
humans, technology (hardware and software), the operational context and the necessary interfaces
among the system elements to make them work intharmony. HSI brings human-centered disciplines
(such [as manpower, personnel, training, human factors, environment, health, safety, habitability
and sprvivability) into the systems engineering process to improve the overall system design and
perfomance. Incorporation of HSI considerations into requirements is contingent upon a clear
understanding of the missions, functions,-éperational scenarios and tasks, user population and quality
charagteristic considerations. Requirements in the areas of user tasks and performance, manpower
and training can primarily be defined through decomposition of the goals or missions of the system
downlto the level of task analyses to define characteristics of the user interface or front end analyses to
determine training impacts.

NOTE See ISO TS 18152-fot further information about human-systems integration processes.

6.3.3.p Transform stakeholder needs into stakeholder requirements

This dctivity congists of the following tasks.

Identfify-the constraints on a system solution.

[ISO/IEC/IEEE 15288:2015, 6 4.2 3 d) 1)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3 d) 1)]

Constraints are one type of requirement. They may be imposed by:

— external or organization stakeholders (e.g., engineering plans, technical performance measures,
technical maturity, regulations, life cycle costs or user and operator staffing constraints);

— external, interacting or enabling systems;

— activities from other life cycle phases and technical activities such as Transition, Operation and
Maintenance;
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— measures of effectiveness and suitability that reflect overall acquirer/user satisfaction (e.g.
performance, safety, reliability, availability, maintainability and workload requirements).

Examples of constraints include:
1) the budgetlimit required by top management is a constraint for succeeding requirement processes;

2) the maintenance strategy developed for the system may impose conditions or constraints on
requirements (repair times and/or spares levels may drive reliability values), or may define

Tapabitity TequiTenents directly (e-g,, buittin-testfunctionatity tosupport mainterrancyg fault
isolation).

Identify the stakeholder requirements and functions that relate to critical quality eharacteristicy
such as assurance, safety, security, environment, or health.

[ISO/IEC/IEEEA15288:2015, 6.4.2.3 ) 2)]
[ISO/IEC/IEEE 12207:2017, 6.4.2.3 d) 2)]

Define stakeholder requirements consistent with life cycle concepts;'scenarios, interactions, con}
straints, and critical quality characteristics.

[SO/IEC/IEEE 15288:2015, 6.4.2.3|d) 3)]
[ISO/IEC/IEEE 12207:2017, 6.4.2.3 d) 3)]

Critical quality characteristics are aspects of the system that are essential to help determine the
integrity of the system and its operating environment:.

As part of this task, it is important to identify{and assess opportunities to reuse previously eyisting
requirements. This includes identificationsof existing systems that provide similar functidns or
capabilities, specified functions or capabilities applicable to the new system-of-interest, and inforrhation
on the extent of reusability.

NOTE4  SeelSO/IEC 26551 for additional guidance on requirements reuse.

Requirements and needs elicitdtion is an iterative activity. Consider several different techmniques
for identifying requirements and needs during elicitation to better accommodate the diverse|set of
requirements sources, incliding:

— structured wogkshops with brainstorming;

— interviews;quéstionnaires;

— observation of environment or work patterns (e.g., time and motion studies);
— technical documentation review;

—_market analysis or competitive system assessment;

— simulations, prototy ping, modelling;
— benchmarking processes and systems; and

— organizational analysis techniques (e.g., Strength - Weakness - Opportunity - Threat analysis,
product portfolio)

System stakeholders can be authoritative sources for requirements of the system that represent
their interests or area(s) of expertise. However, they usually are not familiar with how to transform
their expertise into well-formed requirements statements. In addition to these human sources of
requirements, important system requirements often are imposed by other systems in the environment
that require some services of the system, or act to constrain the system, or even from fundamental
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characteristics of the application domain. There may also be safety or other constraints that drive
system requirements.

A description of the user community (typically found in the organization concept of operations) may
provide common understanding across the effort and validate the appropriateness of scenarios. A user
description may cover the demographic group(s) to which a product will be marketed or the specific
personnel categories that will be assigned to employ the system or otherwise benefit from its operation.

Involving the stakeholders in the verification of the stakeholder requirements (e.g., well-formed

requifements) during stakeholder requirements and needs elicitation can also aid early validation by
those [stakeholders that the statements accurately capture their needs. Apply the characteristics and
guidelines for building well-formed requirements statements provided in 5.2.

6.3.3.p Analyze stakeholder requirements.

This activity consists of the following tasks.

Analyze the complete set of stakeholder requirements.
[ISO/IEC/IEEEA15288:2015, 6.4.2.3 €) 1)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3 €) 1)]

Requirements should be analyzed for the characteristics defined in 5:2.5 and 5.2.6. Requirements
should be prioritized and may be classified as described in 5.2.8. The use of checklists or standard
templptes helps in the review process.

If stakeholder requirements from existing or legacy systems have been identified as candidates for
reuse) they should be analyzed for use based on factors¢such as applicability, feasibility, availability,
qualitly, cost effectiveness, value and currency. While reusing requirements, a careful consistency check
of reused requirements with the system-of-interest's.specific requirements should be performed in
order [to assure consistency.

Definle critical performance measures that emable the assessment of technical achievement.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3 €) 2)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3 €) 2)]

Identify the measures of performainice and technical performance measures that are needed to assess
achieyement of each stakeholder requirement.

Feed |pack the analyzed reguirements to applicable stakeholders to validate that their needs and ex-
pectdtions have been adequately captured and expressed.

[ISO/IEC/IEEE 15288:2015, 6.4.2.3 €) 3)]
[ISO/IEC/IEEE 12207:2017, 6.4.2.3 €) 3)]

It is normal;fer there to be one or more formally scheduled points in the requirements engineering
procegs~where the requirements are validated. The objective is to identify any problems before

resoutces are committed to imp]PmPnfing a system solution for the requirements Requirements
validation is concerned with the process of examining the requirements set to help ensure that it
defines the right system, i.e. the system that the stakeholder expects. The most common activities in
requirements validation are conducting requirements reviews, simulation, and prototyping.

Requirements validation is subject to approval by the project authority and key stakeholders. This
activity is invoked to confirm that the requirements properly reflect the stakeholder needs and to
establish validation criteria, i.e. that we have the right requirements.

NOTE Additional guidance on validating usability requirements can be found in ISO/IEC TR 25060 and ISO/
[EC 25062.
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Resolve stakeholder requirements issues.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3 €) 4)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3 €) 4)]

It is important to continue to perform requirements negotiation during the analysis and allocation of
requirements, because conflicts will occur. Negotiation might be needed among stakeholders requiring

mutually incompatible features, or due to conflicts between desired performance requirements,
constraints, available budget and delivery schedule. In most cases, it is necessary to consult\with the
stakeholder(s) to reach a consensus on an appropriate trade-off. It is often important fof)centrpctual
reasons that such decisions are traceable to the stakeholder. Various analysis methods and c¢nflict
resolution techniques may be applicable to facilitate the resolution and are dependeénton the specific
situation.

Some organizations consider requirements negotiation to be part of requiréments validation. The
specific process subcategory is not important as long as the conflict resghition occurs as edrly as
possible in the requirements analysis task.

6.3.3.7 Manage the stakeholder needs and requirements definition

This activity consists of the following tasks.

Obtain explicit agreement [with designated stakeholders]on the stakeholder requirements.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3|f) 1)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3|f) 1)]

Conducting requirements reviews is perhaps the'most common means of both verification and valiflation
of the requirements specification(s). A group of reviewers is constituted with a brief to look for ¢rrors,
mistaken assumptions, lack of clarity, verifiability issues and deviation from standard practice. The
composition of the group that conducts the review is important (at least one representative jof the
acquirer should be included for anlacquirer-driven project, for example) and it may help to pfovide
guidance on what to look for in the-form of checklists.

Reviews may be conducted at any level of the system structure in the set of requirements. Various types of
reviews may be applicablethroughout the development and maintenance of the requirements, including
technical reviews, inspections and walk-throughs. Effective early requirements review and valiflation
can be achieved usinglow fidelity prototypes to obtain feedback from potential users of the systenj.

NOTE1 Additiohal guidance on reviews can be found in IEEE Std 1028-2008.
NOTE 2  Riscussion on prototyping and simulation is contained in 6.3.3.2.

The agreement on stakeholder requirements may be limited to individual stakeholders only agfeeing
on subsets of the stakeholder requirements. There may be conflicts among the totality of stakeholder
reéquirements. It is the business of stakeholder requirements to record the totality of stakeholderfneeds
even if there are conflicts among these needs. Agreement among stakeholders should happen ¢n the

basis of system requirements, not necessarily on the basis of stakeholder requirements.

Maintain traceability of stakeholder needs and requirements.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3 f) 2)]

[ISO/IEC/IEEE 12207:2017, 6.4.2.3 f) 2)]

Requirements traceability should be established and maintained to document how the formal
requirements are intended to meet the stakeholder objectives and achieve stakeholder agreement.
Stakeholder requirements need to be captured, traced and maintained throughout the system life
cycle and beyond, and placed under configuration control. Use of a requirements management tool can
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facilitate this process. More discussion on the application of traceability can be found in 6.4.3.5 of this
document under task 2.

NOTE3  Additional guidance on placing information under configuration control can be found in ISO/IEC/
IEEE 15288:2015, 6.3.5, and in 6.6.2.2 of this document.

NOTE 4  5.2.5 describes requirements traceability as it pertains to requirements engineering.
Consideration should be given to using a requirements management tool, especially for more complex
proje ST +S 00 ST O T1Tave re—eapab ity v Face H ageS—oetTWeeh e e RTERES O—STTOW
relatignships. A requirements management tool is intended to facilitate and support the systematic
managing of requirements throughout the project life cycle. This includes, but is not limited o,

requitements elicitation, requirements analysis, requirements change management, requirements
reusejand requirements quality assessment.

NOTEp  Additional information and guidelines on requirements management tools can be found in ISO/
IEC TR 24766.

The nequirements repository should first be populated with the source docGumentation of the
stakeholder needs, project constraints (such as from business policies/rules) afidyany other conditions
that pgrovide the basis for the total set of system requirements that will govern its design. Both the
source and rationale for each requirement need to be captured.

The r¢quirements repository should also include any requirements atttibutes, including the priority and
criticglity of the requirements. Additional information on requiremerits attributes can be found in 5.2.8.

Provide key [artifacts and] information items that have been $elécted for baselines.
[ISO/IEC/IEEE 15288:2015, 6.4.2.3 f) 3)]
[ISO/IEC/IEEE 12207:2017, 6.4.2.3 f) 3)]

Inforrhation items that can be output as part of-the Stakeholder Requirements Definition process
include:

— Stakeholder Requirements Specification;

— Concept of Operations; and

— System Operational Concept.

A key prtifact would be the requirements repository.

Additional information on-these requirements-related information items can be found in Clauses 7 to 9
and Apnexes A and B.

6.4 PSystem [System/Software] Requirements definition process

6.4.1| Purpose

The ur pUDC Uf thc Sy DtClll [S_y DtClll//SUftVV al C] RC\/IU;I ClllClltD Dcfiu;tiuu }Jl ULCTSS ;D tU tl auoful 11T thC
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 per-
spective, 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 require-
ments should not imply any specific implementation.

[ISO/IEC/IEEE 15288:2015, 6.4.3.1]
[ISO/IEC/IEEE 12207:2017, 6.4.3.1]
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6.4.2 Outcomes

tion process:

system solution is defined.

ph A | H b e P pa |
dIIU UTSIgIT CUTISTI AITItS a1 T UTTITU
c) Critical performance measures are defined.
d) The system[/software] requirements are analyzed.

e) Any enabling systems or services needed for system[/software] requirements definitio
available.

f) Traceability of system[/software] requirements to stakeholder requiregments is developed.
[ISO/IEC/IEEE 15288:2015, 6.

[ISO/IEC/IEEE 12207:2017, 6.

As aresult of the successful implementation of the System [System/Software] Requirements Defini-

a) The system [or element] description, including system interfaces, functions and boundaries, for a

b) System][/software] requirements (functional, performance, process, non-functional, and interface)

1 are

1.3.2]
1.3.2]

6.4.3 Activities and tasks

6.4.3.1 General

The project shall implement the following activities and tasks in accordance with app
organization policies and procedures with respectto the System [System/Software] Require
Definition process.

6.4.3.2 Prepare for System [System/Software] Requirements Definition

This activity consists of the following«tasks.

icable
ments

Define the functional boundany of the system [software system or element] in terms of the behaj
and properties to be provided.

[ISO/IEC/IEEE 15288:2015, 6.4.3.3
[ISO/IEC/IEEE 12207:2017, 6.4.3.3

Fiour

a) 1]
a) 1]

Scope problems.ean be minimized by establishing boundary conditions for the system, so
system, elementor service with the stakeholders before defining the system or software require
Three factors'that affect the boundary conditions are:

— Organization - stakeholders should have an understanding of the organization in which the taj
system or software will be used and of the real mission or objective of that organization.

&, “Environment - stakeholders should be aware of the maturity of the domain of the system-of-in

ware
ents.

geted

erest,

. £ c Co. .
L}IC certdiiity o1 IHILET1dCeES bCLWECIl LhU SYSLCII-OIFIIILETES L dlld ULhtﬂl SYSLEIIS 111 L}le OpPFtl

tional

environment, and the role of the system-of-interest relative to other systems in the operational

environment.

— Constraints - stakeholders should consider the constraints that affect the life cycle of the system-of-

interest, such as cost, schedule, political, environmental or operational.

Define the system|[ /software] requirements definition strategy.
[ISO/IEC/IEEE 15288:2015, 6.4.3.3

[ISO/IEC/IEEE 12207:2017, 6.4.3.3

a) 2)]
a) 2)]
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The strategy includes approaches, milestones, resources and specific considerations required to identify
and define the system or software requirements and manage the requirements through the life cycle.

Identify and plan for the necessary enabling systems or services needed to support system|[ /soft-
ware] requirements definition.

[ISO/IEC/IEEE 15288:2015, 6.4.3.3 a) 3)]
[ISO/IEC/IEEE 12207:2017, 6.4.3.3 a) 3)]

Enabling systems or services facilitate the life cycle activities of the system. In the case of system ox
software requirements definition, they include tools and repositories that can be used to elicit systent
requirements from stakeholders and to capture, manage and transform this information.

Obtain or acquire access to the enabling systems or services to be used.
[ISO/IEC/IEEE 15288:2015,6:4.3.3 a) 4)]

[ISO/IEC/IEEE 122072017, 6.4.3.3 a) 4)]

This cpn include scheduled or specified access to business data systems or othegresources that are held
interrjal or external to the organization.

6.4.3.8 Define system|[/software] requirements

This activity consists of the following tasks.

Define each function that the system [software system or element] is required to perform.
[ISO/IEC/IEEE 15288:2015, 6.4.3.3 b) 1)]

[ISO/IEC/IEEE 12207:2017, 6.4.3.3 b) 1)]

As a better understanding is gained of the interactions and interfaces among the various functions and
elemepts of the system or software, requirements:are generated through combinations of performance
and effectiveness analyses, trade studies, design development, interface definitions and cost/benefit
assesgments. The architecture can be used.to identify functions, functional interactions and behaviours,
functipnal flow items, etc.

Again| for the system or software; .it is important to identify and assess opportunities to reuse
previgusly existing requirementsi:This includes identification of existing systems that provide similar
functipns or capabilities, speeified functions or capabilities applicable to the new system-of-interest
and irffformation on the extentof reusability.

NOTE See ISO/IEC 26551 for additional guidance on requirements reuse.

Identjify required states or modes of operation of the software system.
[ISO/IEC/IEEE 12207:2017, 6.4.3.3 b) 2)]

The cl«qquhw-mhna of coftuiara ctatnc Ar pand
HaeteStHeS—e+—SettwWwatre—State5—eF—moa

requirements.

Define necessary implementation constraints.
[ISO/IEC/IEEE 15288:2015, 6.4.3.3 b) 2)]

[ISO/IEC/IEEE 12207:2017, 6.4.3.3 b) 3)]

It is important to validate constraints with stakeholders and to be certain they are fully understood
and correct before evolving a set of system/software requirements and the architecture. In addition
to operational scenarios and requirements, implementation constraints may also come from external
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drivers, such as interfacing systems in the operating environment, enabling systems or regulatory
requirements.

Identify system requirements that relate to risks, criticality of the system, or critical quality charac-
teristics.

[ISO/IEC/IEEE 15288:2015, 6.4.3.3 b) 3)]

Identify requirements that relate to risks, criticality of the software system, or critical quality char-
acteristics.

[ISO/IEC/IEEE 12207:2017, 6.4.33[b) 4)]

Technical measures are used to provide insight into the progress of the system or systent elements
in achieving the technical parameters specified in the requirements. These include Megsures
of Performance (MOP) and Technical Performance Measures (TPM). An MOP i$\a measurg¢ that
characterizes physical or functional attributes relating to the system operationcMOPs are medsured
under operational environment conditions. A TPM is a measure used to assess design prdgress,
compliance to performance requirements, and technical risks for critical pérformance paranjeters.
See ISO/IEC/IEEE 24748-2 for more information on these. The quality ih\uSe measures are uped to
determine whether a product meets the needs of specified users to.achieve specified goalg with
effectiveness, productivity, safety and satisfaction in a specified cohtekt of use in a realistic system
environment.

The architecture can also be used to help identify critical quality characteristics and to identify|areas
of risk.

Define system requirements and rationale.
[ISO/IEC/IEEE 15288:2015, 6.4.3.3]b) 4)]

Define system/software requirements and requiféments attributes, including the following:

i) Data elements, data structures and formats, and database or data retention requirements;

ii) User interfaces and user documentation (information for users) and user training;
iii) Interfaces with other systems-and services;

iv) Functions and non-functional characteristics, including critical quality characteristics and cost
targets;

v) Transition of operational processes and data from existing automated and manual systems,
migration approach and schedule, software installation and acceptance of the product; and

vi) Requirement-attributes, such as rationale; priority; traceability to software system elenpents;
test cases, and information items; methods of verification; inclusion in approved baselineg; and
evaluatedrisk.

[ISO/IEC/IEEE 12207:2017, 6.4.3.3]b) 5)]

Thetarchitecture can be used as a source for identifying system requirements.

Again, both the source and rationale for each requirement need to be captured. The traceability should

be updated and maintained to document how the formal system or software requirements, including
derived requirements, are intended to meet the stakeholder requirements and objectives and achieve
stakeholder agreement.

The choice of parameters for software specification depends on the software element, architecture and
stakeholder needs.

Specifications are collections of requirements. They describe essential technical requirements for
products, materials and the criteria for determining whether those requirements are met. Requirements
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specifications that are important as part of the System/[Software] Requirements Analysis Process may
include:

— System Requirements Specification; and
— Software Requirements Specification.

9.5 and 9.6 contain detailed specification content for the system and software requirements
specifications.

The benefits of documenting the system requirements and the software requirements include:

— it|establishes the basis for agreement between the acquirers or suppliers on what the produ¢tis to
d¢ (in market driven projects, the user input may be provided by marketing);

— itfforces arigorous assessment of requirements before design can begin and reduces later redesign;
— it|provides a realistic basis for estimating product costs, risks and schedules;

— organizations can use the specifications to develop validation and verificatien plans;

— itjprovides an informed basis for deploying a product to new users or newopérational environments;

— it|provides a basis for product enhancement.

6.4.3.4 Analyze system[/software] requirements

This dctivity consists of the following tasks.

Analyze the complete set of system|[/software] requirements.
[ISO/IEC/IEEE 15288:2015, 6.4.3.3 ) 1)]

[ISO/IEC/IEEE 12207:2017, 6.4.3.3 ¢) 1)]

Again| for system/software requirementsyit is important to verify that requirements are well
formulated. Review all requirements for the characteristics of a good requirement and good set of
requirements as described in 5.2.5 and-5:226.

The afchitecture can be used to helpranalyze the set of requirements to help ensure that all features
and fynctions of the architecture-are properly represented in the requirements.

If system/software requirements from existing or legacy systems have been identified as candidates
for refise, they should be@nalyzed for use based on factors such as applicability, feasibility, availability,
qualitly, cost effectivenéss, value and currency. While reusing requirements, a careful consistency check
of reused requirements with the system-of-interest's specific requirements should be performed in
order [to assure colisistency.

NOTE[L  SeelISO/IEC 26551 for additional guidance on requirements reuse.

The classifications in 5.2.8 can help with this task. The 'prepare for verification' activity of ISO/IEC/
IEEE 15288 6493 :\) ar lQﬂI/IF'('I/IF’F'F’ 12207:2017 6493 :1)’ should be used for the definition p]:\nning,

and execution of requirements verification.

Define critical performance measures that enable the assessment of technical achievement.
[ISO/IEC/IEEE 15288:2015, 6.4.3.3 c) 2)]

[ISO/IEC/IEEE 12207:2017, 6.4.3.3 ¢) 2)]

Identify the measures of performance and technical performance measures that are needed to
assess achievement of each system requirement. The architecture can be used to help define critical
performance measures. Sometimes the architecture will explicitly identify where measures are
important for overall system suitability.
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In addition to verification of the requirements, the following activity addresses validation of the
requirements, individually and as a set, as properly representing the stakeholder needs.

Feed back the analyzed requirements to applicable stakeholders for review.
[ISO/IEC/IEEE 15288:2015, 6.4.3.3 ) 3)]

[ISO/IEC/IEEE 12207:2017, 6.4.3.3 ¢) 3)]

Requirements validation helps to ensure that stakeholder requirements have been correctly

transformed into system requirements. Various techniques can be used, including stakeholder reOLiews,
prototyping, modelling and simulation, conceptual modelling and formal modelling. The appropriate
technique can vary based on the characteristics of the stakeholders, so multiple techniqués-may need
to be employed so that all stakeholders are accounted for. Reviews are discussed in/6.3.3.7 ¢f this
document under task 1.

Stakeholder reviews are a common technique to validate requirements that canvbelimplemented gasily.
The stakeholder reviews involve conducting an analysis of the requirements with' a group that infludes
the key stakeholders to determine that the system requirements are complété€, correct and congistent
reflecting the intent of the stakeholder requirements. Checklists are often developed to aid the rdviews
to help ensure that all applicable categories of requirements have been<¢onsidered and documented.

Prototyping is commonly employed for eliciting requirements,validating the interpretation pf the
system requirements, clarifying or examining requirement attributes and identifying any omitted
requirements. The advantage of prototypes is that they, provide a richer context for stakeholder
evaluation and input, they can make it easier to interpretthe assumptions, and they can provide useful
feedback on why they are wrong. For example, the dynamiic behaviour of a user interface can be petter
understood through an animated or static prototype. than through textual description or graphical
models. There are also some disadvantages, however These include the cost of developing protoftypes,
potential erroneous assumptions and unwarrantéd expectations and quality problems with low fldelity
prototypes. Effective early requirements review and validation can be achieved using the appropriate
level of fidelity for prototypes when the purpose of the prototype is well understood. The lgvel of
fidelity and build quality should be based\on the purpose of the prototype.

Modelling and simulation can be used to assist the stakeholder validation of the requirementf. The
advantage of modelling and simulations is that they can demonstrate interactions and allqw for
sensitivity analysis when the results are not what the stakeholder expected. Models and views frqm the
Architecture Definition progcess can be used to assist in stakeholder validation of requirements.

NOTE 2  See ISO/IEC/IEEE 42020 for additional information on the role of modelling in developihg the
architecture and in helping to identify relevant requirements.

Static conceptualmodelling is another technique that can be used. The purpose is to aid understgdnding
of the problenicrather than to initiate design of the solution. Hence, conceptual models corpprise
models of €ntities from the problem domain configured to reflect their real-world relationships and
dependencies. There are several kinds of models that can be developed. These include data and cpntrol
flows, 'state models, event traces, user interactions, object models, system context models and[many
others: The factors that influence the choice of model include:

—' The nature of the problem: some types of application demand that certain aspects be anglyzed

particularly rigorously. For example, control flow and state models are likely to be more important
for real-time systems than for an information system.

— Expertise: it is often more productive to adopt a modelling notation or method with which the
supplier has experience. However, it may be appropriate or necessary to adopt a notation that is
better supported by tools, imposed as a process requirement, or simply ‘better’.

— The process requirements of the acquirer: acquirers may impose a particular notation or method.
This can conflict with the previous factor.
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The availability of methods and tools: notations or methods that are poorly supported by training
and tools might not reach widespread acceptance even if they are better suited to particular types
of problem.

Formal modelling that uses notations based upon discrete mathematics and that is traceable to logical
reasoning has made an impact in some specialized domains. Formal modelling may be imposed by
acquirers or standards or may offer compelling advantages to the analysis of certain critical functions
or elements.

Resolve system requirements issues.

Identjify and resolve issues, deficiencies, conflicts, and weaknesses within the complete set of re:
quirements.

[ISO/IEC/IEEE 15288:2015, 6.4.3.3 J4)]

[ISO/IEC/IEEE 12207:2017\64.3.3 ) 4)]

It is ithportant to continue to perform requirements negotiation during the analysi§/and allocation of
systern requirements, because conflicts will occur. Requirements support a usable’ design when the
requifements set is complete, consistent and accurate.

6.4.3.p Manage system|[/software] requirements

This dctivity consists of the following tasks.

Obtain explicit agreement on the system[/software] requiremehts.

[ISO/IEC/IEEE 15288:2015, 6.4.3.3 d) 1)]
[ISO/IEC/IEEE 12207:2017, 6.4.3.3 d) 1)]

Once again, conducting requirements reviews is perhaps the most common means of both verification
and validation of the requirements and to fagjlitate agreement on requirements. Additionally,
stakeholders should be prepared to reach and miaintain the agreement through negotiation. Typically,
the owner of the system/software requirements is responsible for leading the negotiation. Whoever is
respohsible should have the necessary negdtiation skills.

Maintain traceability of the system[/seftware] requirements.

[ISO/IEC/IEEE 15288:2015, 6.4.3.3 d) 2)]
[ISO/IEC/IEEE 12207:2017, 6.4.3.3 d) 2)]

Requirements tracing isCepncerned with recovering the source of requirements and predicting the
effecty of requirements,"change. The traceability should include interface requirements. Tracing is
fundamental to performing coverage analysis (to help ensure that all stakeholder requirements are
met in) the design.and that each low-level requirement is justified); compliance analysis (to document
that stakeholdéryrequirements have been satisfied); and impact analysis when requirements change. A
requifementshould be traceable:

40

td lower-level requirements (e.g., stakeholder to system to element and ultimately to hardware and

SOftWare TEqUITEIMENtS);

NOTE In application, traceability down is accomplished through requirements allocation as the derived
requirements are yet to be developed.

to architecture (e.g., logical or physical);
to system elements (e.g., software and hardware elements that implement the requirement);
to verification/test entities that satisfy it, along with any supporting models and analysis; and

upwards to the parent requirements from which it was derived or to the stakeholder needs from
which it was transformed.

© ISO/IEC 2018 - All rights reserved

© IEEE 2018 - All rights reserved


https://standardsiso.com/api/?name=8c45e7765891b1956585d3471fcdc2c4

ISO/IEC/IEEE 29148:2018(E)

Each requirement should also be traceable upwards to the requirements and stakeholders that
motivated it (from a software requirement back to the system requirement(s) that it helps satisfy, for
example). In the case of requirements derived from trade or design studies, those derived requirements
should be traceable back to the study from which they derive, and the study should be traceable back to
the high-level requirements by which it was informed. Bi-directional traceability is a technique that can
be used to:

— improve the integrity and accuracy of all requirements, from the system level all the way down to
the lowest level system element;

— allow tracking of the requirements development and allocation with related measures S|I1Ch as
requirements coverage, compliance and complexity;

— provide a means of documenting and reviewing the relationships between layers pf requirements
that capture certain aspects of the design; and

— support easier maintenance and change implementation of the system in the future.

Provide key [artifacts and] information items that have been selected for haselines.
[ISO/IEG/JEEE 15288:2015, 6.4.3.3d) 3)]

[ISO/IEC/IEEE 12207:2017, 6.4.3.3 {d) 3)]

The requirements shall be configuration controlled. The aneillary information recorded along with
the requirements can include a summary rationale for eack requirement, decisions, assumptiong and a
change history, along with the requirements categorization information described in 5.2.8. Onceagain,
use of a requirements management tool facilitates a cuibersome and complex project of mainthining
requirements traceability and configuration contrel,

Information items that can be output as part ofthe System Requirements Definition process inclyde:
— System Requirements Specification; and
— Software Requirements Specification.

Additional information on these requirements-related information items can be found in Clauses|7 to 9.
6.5 Requirements engineering activities in other technical processes
6.5.1 Requirements dctivities in architecture definition

6.5.1.1 General

The purpose-of the Architecture Definition Process is to generate system architecture alternatiyes, to
select oneor more alternative(s) that frame stakeholder concerns and meet system requirements, and
to express this in a set of consistent views.

NOTE Activities a), b), c), e), and f) are not included as there is no specific guidance related to requir¢ments
éngineering.

6.5.1.2 Relate the architecture to design
This activity consists of the following tasks.

NOTE Tasks 1), 4), and 5) under this activity are not included, as there is no specific guidance related to
requirements engineering.
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Define the interfaces and interactions between system elements and with external systems.
[ISO/IEC/IEEE 15288:2015, 6.4.4.3 d) 2)]

Define the interfaces and interactions among the software system elements and external entities.
[ISO/IEC/IEEE 12207:2017, 6.4.4.3 d) 2)]

eed to be thoroughly documented. They can be included in specifications or Interface Control
Docurpents and need to be traceable to both sides of the interface. The interface requirements-are
incorporated into the architecture definition. Interface documents are shared by the programs inyolved
with the interactions between systems. Models can also be used to control interfaces.

Partition, align and allocate requirements to architectural entities and system elements¢
[ISO/IEC/IEEE 15288:2015, 6.4.4.3 d) 3)]

[ISO/IEC/IEEE 122072017, 6.4.4.3 d) 3)]

A canflidate architecture is defined in terms of the requirements for the set‘of system elements from
whichl the system is configured. It is important to establish and maintain\the traceability between
requirements and the architecture, including the system elements and)interfaces. Verification and
validation criteria for the system elements should be identified and recorded as derived requirements
are generated.

NOTE The Architecture Definition process is expanded on in {SO/IEC/IEEE 42020 where six architecture
procegses are specified.

6.5.2 | Requirements activities in verification

6.5.2. General

The pyirpose of the Verification Process is to previde objective evidence that a system or system element
fulfils|its specified requirements and characteristics.

NOTE[L  Additional guidance on verifieation can be found in ISO/IEC/IEEE 15288:2015, 6.4.9 or ISO/IEC/
IEEE 12207:2017, 6.4.9.

NOTER  Activity b) is not included as there is no specific guidance related to requirements engineering.

6.5.2.p Prepare for vérification
This activity consists of the following task.

NOTE[L  Tasks™1), 2), and 4) through 7) under this activity are not included, as there is no specific guidance
related to requixements engineering.

Select appropriate verification methods or techniques and associated criteria for every verifica-
tion action.

[ISO/IEC/IEEE 15288:2015, 6.4.9.3 a) 3)]
[ISO/IEC/IEEE 12207:2017, 6.4.9.3 a) 4)]

This activity is facilitated by initially associating a verification method as requirements are created.
Verification methods should be documented. Documentation may include requirements verification and
traceability matrix or verification statements in a verification plan. A verification method defines how
(including success criteria and closure approach), where and when each requirement's compliance can
be proven for acquirer acceptance. A verification method is associated with each requirement to define
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activities that yield objective information to prove satisfaction of the requirement. A good verification
method definition addresses some or all of the following content considerations.

— How - identify which verification method to be applied (see list below).

— Who -identify the organization or person with thelead responsibility for performing the verification,
such as a contractor, subcontractor, vendor, product team or supplier.

— When - designate a time in the program plan when the verification is to be done. This should be an

EVENt-based, and ot a catendar date, acCompShTTent:
— Where - specify any unique venue and environment needed for the verification activity:

There are four standard verification methods to use to obtain the objective evidence that the
requirements have been fulfilled: inspection, analysis or simulation, demonstration and test.

Inspection - an examination of the item against applicable documentation to cenfirm compliancg with
requirements. Inspection is used to verify properties best determined by exafnitiation and obseryation
(e.g., - paint colour, weight, etc.). Inspection is generally non-destructive and typically includps the
use of sight, hearing, smell, touch and taste; simple physical manipulation; mechanical and ele¢trical
gauging; and measurement.

Good practice: Include identification of the document(s) or drawing(s) to use to make the compgarison
between what is required versus what is being inspected.

Analysis (including modelling and simulation) - use of analytical data or simulations under dgfined
conditions to show theoretical compliance. Used where testing to realistic conditions cannot be achieved
or is not cost-effective. Analysis (including simulatien) ‘may be used when such means establish that
the appropriate requirement, specification, or defivéd requirement is met by the proposed solution.
Analysis may also be based on 'similarity’ by reviéwing a similar item’s prior verification and confifrming
that its verification status can legitimately bé.transferred to the present system element. Simjlarity
can only be used if the items are similar in.design, manufacture and use; equivalent or more str{ngent
verification specifications were used fof‘the similar system element; and the intended operdtional
environment is identical to or less rigofous than the similar system element.

Good practice: Identify the generic'name of the analysis (like Failure Modes and Effects Andlysis),
analytical or computer tools, 6ryhumeric methods; the source of input data; and how raw datj is to
be analyzed. Review and agree with the acquirer that the analysis methods and tools, including
simulations, are acceptablefor the provision of objective proof or requirements compliance.

Demonstration - a qualitative exhibition of functional performance, usually accomplished with| no or
minimal instrumentation or test equipment. Demonstration uses a set of test activities with sfystem
stimuli selected by“the supplier to show that system or system element response to stimuli is syitable
or to show thatoperators can perform their allocated functions when using the system. Observptions
are made_aitd compared with predetermined responses. Demonstration may be appropriate|when
requirements or specifications are given in statistical terms (e.g., mean time to repair, average power
conswmption, etc.).

Good practice: State who the witnesses should be for the purpose of collecting the evidence of syccess,

what gannrc\] cfnpc aretobe Fn”nun:\r‘l’ and-what cpnr‘ia] resources-are nnnr‘lnd’ such-asinstrumen ationl

special test equipment or facilities, simulators, specific data gathering, or rigorous analysis of
demonstration results.

Test - an action by which the operability, supportability, or performance capability of an item is
quantitatively verified when subjected to controlled conditions that are real or simulated. These
verifications often use special test equipment or instrumentation to obtain very accurate quantitative
data for analysis.

Good practice: State who the witnesses should be for the purpose of collecting the evidence of success.

Identify the test facility, test equipment, any unique resource needs and environmental conditions,
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required qualifications and test personnel, general steps that are to be followed, specific data to be
collected, criteria for repeatability of collected data, and methods for analyzing the results.

NOTE 2  Certification is often included as an alternative method. Certification is a written assurance that
the system or system element has been developed in accordance with the required standard and meets the
requirements. This assures that the system or system element can perform its assigned functions to a negotiated
standard. The development reviews and system verification and validation results form the basis for certification.
Certification is generally performed by a third party against an accepted standard.
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Verifigation Cross Reference Matrix (VCRM).

6.5.2.8 Manage results of verification
This activity consists of the following task.

NOTE[L  Tasks 1), 2), 3), and 5) under this activity are not included, as there is no specific guidance related to
requirpments engineering.

NOTER  Anomalies identified can result in requirement changes in any of the techni¢alprocesses.

Maintjain traceability of the verified [software] system elements.
[ISOAEC/IEEE 15288:2015, 6.4.9.3 c) 4)]

[ISO/IEC/IEEE 12207:2017, 6.4.9.3 ) 4)]

Requirements Traceability is frequently used as a single point of accountability for tracing a requirement
back to the source of the requirement and forward through the life cycle to assess that the requirement
has bg¢en met. In requirements traceability, verification methods and information are associated with
the requirements to indicate how the system or systemlement is to be verified to show it meets the
requifements. As the system moves through the life‘eycle phases, traceability of the requirements to
the work products should be added. It is important:to'include unique identifiers for each requirement.

6.5.3 | Requirements activities in validation

6.5.3. General

The ppurpose of the Validation process is to provide objective evidence that the system, when in use,
fulfils|its business or mission objéctives and stakeholder requirements, achieving its intended use in its
intended operational environment.

NOTE[L  Additional guidafice on validation can be found in ISO/IEC/IEEE 15288:2015, 6.4.11 or ISO/IEC/
IEEE 12207:2017, 6.4.11!

NOTER  Activity.b) is not included as there is no specific guidance related to requirements engineering.

6.5.3.2 Prepare for validation

This activity consists of the following task.

NOTE Tasks 2) through 7) under this activity are not included, as there is no specific guidance related to
requirements engineering.
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Identify the validation scope and corresponding validation actions.
[ISO/IEC/IEEE 15288:2015, 6.4.11.3 a) 1)]

Identify the validation scope, including the characteristics of the software system, element, or artifact
to be validated, and the expected results of validation.

[ISO/IEC/IEEE 12207:2017, 6.4.11.3 a) 1) i)]

The system operational concept and baselined stakeholder requirements of the containing system, of
which the system of interest is a system element, are part of the validation scope activity.

6.5.3.3 Manage results of validation
This activity consists of the following task.

NOTE Tasks 1), 2), 3), and 5) under this activity are not included as there is no‘specific guidance related to
requirements engineering.

Maintain traceability of the validated system elements.
[LSO/IEC/IEEE 15288:2015, 6.4.11.3|c) 4)]

[ISO/IEC/IEEE 12207:2017, 6.4.11.3 ¢)4)]

System validation confirms that the system, as.built, satisfies stakeholder stated needp and
requirements, that it is the right system. Traceability)should be maintained and may be documerited in
a Requirements Traceability Matrix (RTM) or similar information item.

6.6 Requirements management

6.6.1 Management overview

Requirements management encompasses those tasks that record and maintain the evplving
requirements and associated centext and historical information from the requirements engingering
activities. Requirements . management also establishes procedures for defining, controlling and
publishing the baseline(requirements for all levels of the system-of-interest. Effective requirements
management occurs within the context of an organization's project and technical processes as defined

in ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207.

Requirements.‘abe rarely static. Requirements that are likely to evolve should be identified and
communicatgd/to both acquirers and the technical community. A core subset of requirements npay be
frozen eatly: The impact of proposed new requirements are evaluated to help ensure that the finitial
intent.0f the requirements baseline is maintained or that changes to the intent are understodd and
accepted by the acquirer.

lmalmost all cases, requirements understanding continues to evolve as life cycle activities prpceed.

This often leads to the revision of requirements late in the Iife cycle. Perhaps the most crucial point of
understanding about requirements engineering is that a significant proportion of the requirements will
change. This is sometimes due to errors in the analysis, but it is frequently an inevitable consequence of
change in the environment, such as changes in the acquirer’s operating or business environment, or in
the market into which the system is sold.

However, care should be exercised in making requirements changes during the life cycle. While some
may be unavoidable, excessive uncontrolled changes can resultin 'requirements creep' that can resultin
cost overruns, schedule delays, design errors, buyer dissatisfaction or even cancellation of the project.
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6.6.2 Change management

6.6.2.1 General

Whatever the cause of requirements changes, it is important to recognize the inevitability of change and
adopt measures to mitigate the effects of change. Change has to be managed by ensuring that proposed
changes go through a defined impact assessment, review and approval process, and by applying careful
requirements tracing and version management. Hence, the requirements engineering process is not
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management evolve over time from elicitation to change management.
6.6.2.2 Configuration management

6.6.2.2.1 General

The lerpose of Configuration Managementis to manage and control system elements @nd‘configurations
over the life cycle. Configuration Management also manages consistency betweénd a product and its
assocjated configuration definition.

NOTE Activities a) and d) through f) are not discussed as there is no-gspecific guidance related to
requirpments engineering.

6.6.2.2.2 Perform configuration identification
This dctivity consists of the following task.

NOTE Tasks 2) and 5) under this activity are not included; as there is no specific guidance related to
requirpments engineering.

Identfify the system elements and information items that are configuration items.
[ISO/IEC/IEEE 15288:2015, 6.3.5.3 b) 1)]

Select the software system elements to\be'uniquely identified as configuration items subject to con-
figuration control.

[ISO/IEC/IEEE 12207:2017, 6.3.5.3 b) 1)]

Estahlish system, system-element, and information item identifiers.
[ISO/IEC/IEEE 15288:2015, 6.3.5.3 b) 3)]
Identjify the attribuites of configuration items.

[ISO/IEC/IEEE 12207:2017, 6.3.5.3 b) 3)]

The systém‘operational concept and stakeholder, system, software and system element requirements
are identified as information items for configuration control in the configuration management planning

and should have unique identifiers.

Define baselines through the life cycle.
[ISO/IEC/IEEE 15288:2015, 6.3.5.3 b) 4)]

[ISO/IEC/IEEE 12207:2017, 6.3.5.3 b) 4)]

Commonly used baselines are the functional, allocated, developmental and product baselines. The
baselines to be used for a given project, along with their associated levels of authority needed for change
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approval, are typically identified in the project's configuration management plan. These baselines are
described as follows.

— Functional baseline (requirements baseline) establishesacommon understanding of whatthe system
is expected to do (i.e., the agreed system requirement specification and associated specifications
such as external interface definitions). It defines the capabilities the customer expects to receive
from the system. The functional baseline generally provides a basis of agreement between parties.

— Allocated baseline corresponds to the reviewed and versioned system element requirements

specifications, including the interface requirements, at the physical level below the systfem of
interest.

— Developmental baseline represents the evolving system and system element configliratipns at
selected times during the life cycle. Change authority for this baseline typically rests<primarily with
the supplier organization.

— Product baseline corresponds to the detailed specifications and associated détailed design artifacts
that represent the completed system.

6.6.2.2.3 Perform configuration change management
This activity consists of the following task.

NOTE1 Tasks 1) through 3) under this activity are not included;as there is no specific guidance relgted to
requirements engineering.

Track and manage approved changes to the baseline, Requests for Change, and Requests for Variaince.
[ISO/IEC/IEEE 15288:2015, 6.3.5.3|c) 4)]

[ISO/IEC/IEEE 12207:2017, 6.3.5.3|c) 3)]

As changes are made to the operational concepts and stakeholder, system, software and slystem
element requirements, the changes-need to be formally captured and in documented baselipes of
the requirements along with the.eonfiguration information that identifies the specific changgs and
associated rationale. Requirements traceability should be maintained.

Requirements shall be~gonfiguration managed, in accordance with project and organigation
configuration management processes.

NOTE 2  ISO/IEC/IEEE 15288:2015, 6.3.5 and ISO/IEC/IEEE 12207:2017, 6.3.5 has additional informafion on
configuration managément.

6.6.2.3 Information management

6.6.2.3.1 General

The purpose of the Information Management process is to generate, obtain, confirm, transform, tetain,

retrieve, disseminate and dispose of information, to designated stakeholders.

6.6.2.3.2 Prepare for information management
This activity consists of the following task.

NOTE Tasks 1) and 3) through 5) under this activity are not included, as there is no specific guidance related
to requirements engineering.
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Define the items of information that will be managed.
[ISO/IEC/IEEE 15288:2015, 6.3.6.3 a) 2)]
[ISO/IEC/IEEE 12207:2017, 6.3.6.3 a) 2)]

The system operational concept document and stakeholder requirements specification, system
requirements specification, software requirements specification, and other system element requirements

speciffications are identified as information items to be managed during the system life cycle.

6.6.2.8.3 Perform information management
This dctivity consists of the following task.

NOTE[L  Tasks 2) through 5) under this activity are not included, as there is no specific guidarice related to
requirgments engineering.

Obtain, develop, or transform the identified items of information.
[ISO/IEC/IEEE 15288:2015, 6.3.6.3 b) 1)]

[ISO/HEC/IEEE 12207:2017, 6.3.6.3 b) 1)]

As th¢ operational concept document and various requirements specifications are created reflecting
the cqnfiguration baselines, the information items are previded to the designated authorities and
responsibilities for information management. As the requirements are changed and new baselines are
creatdd, the revised information items are provided for information management.

The regquirements information shall be managed in accordance with the organization's information
management process.

NOTER  ISO/IEC/IEEE 15288:2015, 6.3.6 andISO/IEC/IEEE 12207:2017, 6.3.6 have additional detail on
infornjation management.

6.6.3 | Measurement for requirements

6.6.3. General

The plirpose of the Measurement process is to collect, analyze and report objective data and information
to support effective management and demonstrate the quality of the products, services and processes.

6.6.3.2 Preparefor measurement
This dctivity.cersists of the following tasks.

NOTE [L ~ Tasks 1), 6), and 7) under this activity are not included, as there is no specific guidance related to
requirements engineering
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Describe the characteristics of the organization that are relevant to measurement[, such as business
and technical objectives].

Identify and prioritize the information needs.
Select and specify measures that satisfy the information needs.

Define data collection, analysis, access and reporting procedures.

[ISO/IEC/IEEE 15288:2015, 6.3.7.3 a) 2) through 5)]
[ISO/IEC/IEEE 12207:2017, 6.3.7.3 a) 2)-firough 5)]

Requirements engineering, as a discipline, benefits from measuring requirements in bgth the process
and the product contexts. More than one measure may be needed to provide the“insight info the
information needs for the requirements. Practice has consistently proven various useful measures,
including:

— Requirements quality - existing requirements quality (e.g., against attributes of 5.2.5) Yersus
expected quality feeds into estimating the requirements analysis effort) can be used to seta stajndard
for release of requirements, can be used as an entry criterion intoréquirements and detailedTesign
reviews, and can be used in contracting for requirements engiheering services.

— Requirements quantity - requirements quantity can be used for measuring rate of progiess of
requirements engineering activities, estimating requirements completeness, and developihg (or
reusing) other requirements engineering metrics such as average hours per requirement in arjalysis
or design.

— Requirementsvolatility -inthe process context, féquirementsvolatility canindicatean organizftion's
requirements engineering process will not.cefaverge a collection of requirements into a well-formed
set. In the product context, a high volatility'value can indicate risk early by stakeholders failing to
reach consensus on system requirements, putting significant risk on subsequent activities [in the
life cycle.

Other useful requirements measures.include:
— requirements trends;
— requirements change rate and backlog;

— traceability measures (e.g., percentage of parents without children, average number of| child
requirements per parent — an indicator of design complexity);

— requirements verification;
— requirements validation; and
— 'FBD"and TBR closure progress per plan.

Software requirements are used in software Functional Size Measurement (FSM) methods to|assist

vrith many acnacte Af manaaginag caftuinra nraincte ECM minthadc avra arganioad inta £arn narid- uses
............ y-aspeets—of managing seftware projects—ESM-methods-are-organized-into-twopartd:

for project management and uses for forecasting and performance management. If FSM methods are
to provide high-fidelity results, it is very important to achieve an accurate and complete allocation and

derivation of a system's software requirements from the system requirements.
NOTE 2  ISO/IEC 14143-1 provides details of FSM concepts and their uses.

NOTE3 ISO/IEC/IEEE 15288:2015, 6.3.7 and ISO/IEC/IEEE 12207:2017, 6.3.7 provide additional information
on measurement process, as does ISO/IEC/IEEE 15939.
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6.6.3.3 Perform measurement

This activity consists of the following tasks.

Integrate [manual or automated] procedures for data generation, collection, analysis and reporting
into the relevant processes.

Collect, store, and verify data.

Analyze data and develop information items

Record results and inform measurement users.
[ISO/IEC/IEEE 15288:2015, 6.3.7.3 b) 1) through*4)]

[ISO/IEC/IEEE 12207:2017, 6.3.7.3 b) 1) thigugh 4)]

It is gpod practice to choose measures for which data are readily available through thedife cycle. The
data dollection can then be integrated into the requirements related processes to obtain the data and
insight on a regular basis as the requirements engineering proceeds. It is also good practice to review
the arjalyzed requirements related measures collectively, looking for predictive trends and projections
that can aid risk management.

The r¢quirements measurement shall be managed in accordance with the(oganization's measurement
process.

7 Inmformation items
he I

T oject shall produce the following information itemsvas part of the requirements engineering
processes:

— Bpisiness requirement specification (BRS);

— Stakeholder requirements specification (StRSY;

— System requirements specification (SyRS);yand

— Software requirements specificatjon (SRS), if adhering to ISO/IEC/IEEE 12207.

NOTE[L  The Software Requirements Specification can also be identified as the System/Software Requirements
Specification.

The information items shall.contain the content as defined in Clause 9 of this document.

NOTER  Multiple specification information items for each of the four document types can be produced in the
projecf as discussed in-5.4 For example, the SyRS can be produced for systems and system elements.

NOTEB  The fous-specification information items, BRS, StRS, SyRS and SRS can contain similar information
items that could be considered as different views for the same product. For ease of use, this document presents
typical conterits'of the four forms of the specification separately.

NOTE fC~The BRS and StRS can have different titles in different domains and can be contained in other
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NOTES5  ISO/IEC/IEEE 15289 provides guidance on identifying and planning the specific information items to
be produced during systems and software life cycles.

The management of information items shall be performed by applying the Information Management
process of ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207.

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


https://standardsiso.com/api/?name=8c45e7765891b1956585d3471fcdc2c4

ISO/IEC/IEEE 29148:2018(E)

The information items do not require physical documentation, so long as required content is easily
available and logically organized.

EXAMPLE Model-Driven Development (MDD) approaches maintain almost all system information in a

modelling tool. In this case, the information is contextually stored in the modelling tool’s repository. The required
information can be viewed in the model or extracted in report or table formats.

8 Guidelines for information items

8.1 Requirements information item outlines

This clause also provides recommended structure in the form of an outline for)the redulting
information items.

8.2 Business requirements specification

8.2.1 General

The Business Requirements Specification (BRS) describes the organization’s motivation for why the
system is being developed or changed, defines processes and policies/rules under which the sysfem is
used and documents the top-level requirements from the stakehelder perspective including exprgssing
needs of users/operators/maintainers as derived from the context of use in a specific, precide and
unambiguous manner. In a business environment, the BRS{describes how the organization is pufsuing
new business or changing the current business in ordersto/fit a new business environment, and jow to
utilize the system as a means to contribute to the business. The description includes, at the organifation
level, the organizational environment, goals and ebjectives, the business model, and the inforrhation
environment, and, at the business operation level, the business operation model, business opefration
modes, business operational quality, organizational formation and concept of the proposed systein. It is
very important that the business managemeit level should actively participate or lead the development
of the business requirement specification;

The information elements of the BRS should be specified by the business. Business management ghould
be responsible for the content of ¢theé specification. The BRS serves as the basis of the stakeh¢lders'
active participation in the requirement processes. For example, a business analyst or represeritative
user from the business can review the BRS and discuss the business model or operation, bukiness
management can revise the-BRS, or a system analyst can review the BRS and discuss potential technical
solutions. Typical types.of requirements included in the BRS are organizational requirements and
business requirements:

NOTE1 ISO/IEG/IEEE 15289 provides guidance to include business and organizational requirements|in the
system requirenients specification. This document includes these requirements in the BRS since the contepts are
specified from the perspective of business management.

NOTE 2<_)The BRS is often identified with the stakeholder requirement specification (StRS) in many indystries.
Users'of'this document can combine the StRS with BRS according to the users’ environment.

NOQTE 3  The stakeholder requirements and business requirements are distinguished in The Guide|to the
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goal, objectives, or needs of the enterprise. They describe why a projectis initiated, what the project will achieve,
and which metrics can be used to measure the project's success. Stakeholder Requirements are statements of the
needs of a particular stakeholder or class of stakeholders. They describe the needs that a given stakeholder has
and how that stakeholder will interact with a solution. Stakeholder Requirements serves as a bridge between
Business Requirements and the various classes of solution requirements.

8.2.2 BRS example outline

The specific requirements clause of the BRS should be organized such that a consensus of the
stakeholders agrees that the organization method aids understanding of the requirements. There is
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no one optimal organization for all projects. An example outline of a BRS created in an organizational/
business context is shown in Figure 5.

1. Introduction
1.1 Business purpose
1.2 Business scope
1.3 Business overview
1.4 Definitions

1.5 Major stakeholders

2. References

3. Business management requirements
3.1 Business environment
3.2 Mission, goals, and objectives
3.3 Business model
3.4 Information environment

4. Business operational requirements
4.1 Business processes
4.2 Business operational policies and rules
4.3 Business operational constraints
4.4 Business operational modes
4.5 Business operational quality
4.6 Business structure

5. Preliminary operational concept of\proposed system
5.1 Preliminary operational concept
5.2 Preliminary operational'scenarios

6. Other preliminary life-cycle:concepts
6.1 Preliminary acquisition concept
6.2 Preliminary, deployment concept
6.3 Preliminary support concept
6.4 Prelimjnary retirement concept

7 Project Constraints

8. Appendix
8.1 Acronyms and abbreviations

Figure 5 — Example BRS Outline

NOTE Detailed’eontent of the BRS is found in 9.3.

8.3 [Stakeholder requirements specification

8.3.1 General

The Stakeholder Requirements Specification (StRS) describes the organization’s motivation for why the
system is being developed or changed, defines processes and policies/rules under which the system
is used and documents the top-level requirements from the stakeholders’ perspective including
expressing needs of users/operators/maintainers as derived from the context of use in a specific,
precise and unambiguous manner. In the context described in the BRS, the StRS describes how the
organization will utilize the system as a means to contribute to the business.

The information elements of the StRS should be specified by the stakeholders. The stakeholders should
be responsible for the content of the specification. The StRS serves as the basis of the stakeholders'
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active participation in the requirement processes. Typical types of stakeholder requirements included
in the StRS are organizational requirements, business requirements and user requirements.

NOTE1 ISO/IEC/IEEE 15289 provides guidance to include user (stakeholder) requirements in the system
requirements specification. This document includes these requirements in the StRS since the contents are
specified from the stakeholders' perspective. They can be succeeded in the SyRS by addressing technical
concerns.

NOTE 2  The StRS is often identified with the business requlrement spec1f1cat10n (BRS) in many industries.
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8.3.2 StRS example outline

The specific requirements clause of the StRS should be organized such that a comsensus pf the
stakeholders agrees that the organization method aids understanding of the requirements. Ther¢ is no
one optimal organization for all projects. An example outline of an StRS created in-an organizational/
business context is shown in Figure 6.

1. Introduction
1.1 Stakeholder purpose
1.2 Stakeholder scope
1.3 Overview
1.4 Definitions
1.5 Stakeholders
2. References
3. Business management requirements
3.1 Business environment
3.2 Mission, goals{and objective
3.3 Business madel
3.4 Information environment
4. System operational requirements
4.1 System processes
4-.2.System operational policies and rules
4.3 System operational constraints
4.4 System operational modes and states
5, User requirements
6. Detailed Life-cycle concepts of proposed system
6.1 Operational concept
6.2 Operational scenarios
6.3 Acquisition concept
6.4 Deployment concept
6.5 Support concept
6.6 Retirement concept

FProject-Constraints
1
8. Appendix
8.1 Acronyms and abbreviations

Figure 6 — Example StRS Outline

NOTE Detailed content of the StRS is found in 9.4.
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8.4 System requirements specification

8.4.1 General

The System Requirements Specification (SyRS) identifies the technical requirements for the selected
system-of-interest and usability for the envisaged human-system interaction. It defines the high-level
system requirements from the domain perspective, along with background information about the
overall objectives for the system, its target environment and a statement of the constraints, assumptions
and ner rettoratreqtitremen S may-ihchrdeconceptua-models—destgrred-to-iHustrate-the-systerr
context, usage scenarios, the principal domain entities, data, information and workflows.

The purpose of the SyRS is to provide a description of what the system should do, in terms.of - the
system's interactions or interfaces with its external environment. The SyRS should completely.describe
all inguts, outputs and required relationships between inputs and outputs. An SyRS has traditionally
been fiewed as a document that communicates the requirements of the acquirer tofthe technical
community who will specify and build the system. The collection of requirements<that constitutes
the specification and its representation acts as the bridge between the two groups.and needs to be
understandable by both the acquirer and the technical community. One of the most\difficult tasks in the
creatipn of a system is that of communicating to all of the subgroups within both' groups, especially in
one dgcument. This type of communication generally requires different formalisms and languages.

This document suggests a distinction between this structured collectiol of information and the way
in which it is presented to its various audiences. The presentation of-the SyRS should take a form that
is appfopriate for its intended use. This can be a paper document,models, prototypes, other non-paper
document representations or any combination. All of these representations can be derived from this one
SyRS to meet the needs of a specific audience. However, care should be taken to be certain that each of
these presentations is traceable to a common source of systeém requirements information. The audience
should be made aware that this structured collection of information remains the one definitive source
for resolving ambiguities in the particular presentatiefi chosen.

Generplly, process requirements (how to develop;or construct the system) should be contained in
contract documentation such as a Statement of Work, not in a requirements specification. If included in
a spedification, they should be clearly identified as process requirements.

The SyRS presents the results of the definition of need, the system operational concept, the system
architiecture and the system requirements analysis tasks. As such, it is a description of what the
systern's acquirers expect it to dovfor them, the system's expected environment, the system's usage
profilg, performance parameters)expected quality and effectiveness and verification activities.

8.4.2 | SyRS example outline

The specific requirentents section of an SyRS should be organized such that a consensus of the
stakeholders agrees.that the organization method aids understanding of the requirements. There is no
one optimal organization for all projects. An example outline of an SyRS is shown in Figure 7.

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


https://standardsiso.com/api/?name=8c45e7765891b1956585d3471fcdc2c4

ISO/IEC/IEEE 29148:2018(E)

1. Introduction
1.1 System purpose
1.2 System scope
1.3 System overview
1.3.1 System context
1.3.2 System functions

1.3.3 User characteristics
1.4 Definitions
2. References

3. System requirements

3.1 Functional requirements

3.2 Usability requirements

3.3 Performance requirements

3.4 Interface requirements
3.4.1 External interface requirements
3.4.2 Internal interface requirements

3.5 System operations

3.6 System modes and states

3.7 Physical characteristics

3.8 Environmental conditions

3.9 Security requirements

3.10 Information management requirements

3.11 Policy and regulation requirements

3.13 Packaging,
requirements

handling,

4. Verification
(parallel to subsections in Section 3)
5. Appendices
5.1 Assumptions and dependencies
5.2 Acronyms and abbreviations

3.12 System life.¢ycle sustainment requirements
shipping and transportation

NOTE
even those that\include software.

Figure 7 — Example SyRS Outline

NOTE Detailed content of the SyRS is found in 9.5

This~SyRS outline can be used, with tailoring, for subordinate specifications for system elements,

8.5 Software requirements specification

8.5.1 General

The software requirements specification (SRS) is a specification for a particular software product,
program, or set of programs that performs certain functions in a specific environment. The SRS may be
written by one or more representatives of the supplier, one or more representatives of the acquirer, or

by both.
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It is important to consider the part that the SRS plays in the total project plan. The software may
contain essentially all the functionality of the project or it may be part of a larger system. In the latter
case typically there would be a requirement specification that states the interfaces between the
system and its software portion, and places external performance and functionality requirements
upon the software portion. Of course, the SRS should then agree with and expand upon these system
requirements. The SRS indicates the precedence and criticality of requirements. The SRS defines all of
the required capabilities of the specified software product to which it applies, as well as documenting

the conditions and constraints under which the software has to perform, and the intended verification
appro ches forthe rnqnirnmanfc

8.5.2 | SRS example outline

The specific requirements clause of the SRS should be organized such that a consensus of the'system
stakelolders agrees that the organization method aids understanding of the requirements-There is no
one optimal organization for all systems. An example outline for an SRS is in Figure 8.

1. Introduction
1.1 Purpose
1.2 Scope
1.3 Product overview
1.3.1 Product perspective
1.3.2 Product functions
1.3.3 User characteristics
1.3.4 Limitations
1.4 Definitions
2. References
3. Requirements
3.1 Functions
3.2 Performance reglirements
3.3 Usability requirements
3.4 Interface requirements
3.5 Logicalkdatabase requirements
3.6 Design constraints
3+ Software system attributes
3.8 Supporting information
4. Verification
(parallel to subsections in Section 3)
5. Appendices
5.1 Assumptions and dependencies
5.2 Acronyms and abbreviations

Figure 8 — Example SRS Outline

NOTE1 Detailed content of the SRS is found in 9.6.
Examples of organizational approaches to requirements in an SRS include:

— System mode - some systems behave quite differently depending on the mode of operation. For
example, a control system may have different sets of functions depending on its mode: training,
normal, degraded or emergency.

— User class - some systems provide different sets of functions to different classes of users. For
example, an elevator control system presents different capabilities to passengers, maintenance
workers and firefighters.
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— Objects - objects are real-world entities that have a counterpart within the system. For example, in a
patient monitoring system, objects include patients, sensors, nurses, rooms, physicians, medicines,
etc. Associated with each object is a set of attributes (of that object) and functions (performed by

that object). These functions are also called services, methods or processes.

— Feature - a feature is an externally desired service by the system that may require a sequence of
inputs to effect the desired result. For example, in a telephone system, features include local call,
call forwarding and conference call. Each feature is generally described in a sequence of stimulus-

response pairs.

— Stimulus - some systems can be best organized by describing their functions in terms of stim
example, the functions of an automatic aircraft landing system may be organized intesectid
loss of power, wind shear, sudden change in roll, vertical velocity excessive, etc.

— Response - some systems can be best organized by describing all the functions in support
generation of a response. For example, the functions of a personnel systemmay be org:

li. For
ns for

of the
nized

into sections corresponding to all functions associated with generating/pay’ checks, all funfctions

associated with generating a current list of employees, etc.

— Functional hierarchy - when none of the above organizational schemes prove helpful, the d
functionality can be organized into a hierarchy of functions organized by common inputs, co
outputs or common internal data access. Data flow diagramgs-and data dictionaries can be u
show the relationships between and among the functions and-data.

verall
mmon
sed to

NOTE 2  There are many notations, methods and automated support tools available to aid in the documentation

of SRS requirements. For the most part, their usefulness iS, a function of organization. For example] when
organizing by mode, finite state machines or state charts.cafi prove helpful; when organizing by object, pbject-
oriented analysis can prove helpful; when organizing by feature, stimulus-response sequences can prove Helpful;
and when organizing by functional hierarchy, data flow diagrams and data dictionaries can prove helpful.

9 Information item content

9.1 General

This clause states the normative'content of the required information items.

NOTE Information contenitin'9.2 is generally applicable to items of information maintained in documenit form.

9.2 General content

9.2.1 Identification
Include theifollowing identification matter:
a) title;and

by revision notice.

The title and a revision notice uniquely identify the document. Revision information may include the
project name, version number of the document, date of release, approved signature, a list of sub-clauses
that have been changed in the current version of the document and a list of version numbers and dates

of release of all previous versions of the document.

9.2.2 Front matter
Include the following front matter:
a) atable of contents;

b) alistof figures; and
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c) alistoftables.

9.2.3 Definitions

Provide definitions for any words or phrases that have special meaning beyond normal dictionary
definitions.

9.2.4 References

Include the following information regarding references:

a) provide a complete list of all documents referenced elsewhere;

b) identify each document by title, report number (if applicable), date and publishing organization; and
c) specify the sources from which the references can be obtained.

This ihformation may be provided by reference to an appendix or to another documient. The references
information should be subdivided into a 'Compliance’ section, containing references to those cited
documents containing requirements which are included by that citation and“a ‘Guidance’ section,
contalning reference to those cited documents containing information, butnowequirements.

9.2.5| Acronyms and abbreviations
Spell gut or define all acronyms and abbreviations used in the doetiments.

NOTE This information can be provided by reference to one.or more appendixes in the documents or by
referefce to other documents.

9.3 Business requirements specification (BRS} content

9.3.1| BRS overview

This dubclause defines the normative content of the business requirements specification (BRS). The
projeqt shall produce the following information item content in accordance with the project’s policies
with respect to the business requirements specification. Organization of the content such as the order
and spction structure may be selected in accordance with the project’s information management
policig¢s.

9.3.2 | Business purpose

Descrjbe at the organization level the reason and background for which the organization is pursuing
new business or cianging the current business in order to fit a new management environment. In this
context it should'describe how the proposed system will contribute to meeting business objectives.

9.3.3 | BusSiness scope

Definethe business domain under consideration hy-

a) identifying the business domain by name;

b) defining the range of business activities included in the business domain concerned. The scope can
be defined in terms of divisions in the organization and external entities that relate directly to the
business activities, or functions to be performed by the business activities. It is helpful to show
environmental entities that are outside of the scope;

c) describing the scope of the system being developed or changed. The description includes
assumptions on which business activities are supported by the system.
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9.3.4 Business overview

Describe major internal divisions and external entities of the business domain concerned and how they
are interrelated. A diagrammatic description is recommended.

9.3.5 Major Stakeholders

List the major stakeholders or the classes of stakeholders and describe how they will influence the
organization and business, or can be related to the development and operation of the system

9.3.6 Business environment

Define external and internal environmental factors that should be taken into considerat]on in
understanding the new or existing business and eliciting the stakeholder requirements-for the sysfem to
be developed or changed. The environmental factors should include possible influénces to the business
and consequently the system from external conditions like market trends, laws$and regulations,|social
responsibilities and technology base.

9.3.7 Mission, goals and objectives

Describe the business results to be obtained through or by the preposed system.

9.3.8 Business model

Describe methods by which the business mission is expected to be achieved. The description should
be concentrated on the methods supported by the system to be developed or changed with the|items
such as product and services, geographies and lécales, distribution channels, business alliande and
partnership, and finance and revenue model.

NOTE Detailed discussions and definitions2of the business model elements can be found in Bysiness
Motivation Model (BMM) Specification by OM(«

9.3.9 Information environment

Describe the overall strategy(for the organization level decisions on common bases for mpltiple
information systems. It should.include the following items.

a) project portfolio - when multiple system projects are running or planned to pursue the| same
business goal, the\priority, relative positioning and possible constraints come from the poftfolio
management strategy.

b) long term System plan - when common system infrastructure or architecture has been d¢cided
or planned, it should be described as constraints on possible design decisions.

c) database configuration - an organization level database configuration plan and pgssible
constraints on availability and accessibility of organization global data should be specified.

9:3.10 Business processes

Provide description of the procedures of business activities and possible system interfaces within the
processes. The purpose of this information item is to represent how and in which context the system
supports the business activities. In general, business processes make an ordered structure with
decomposition and classification. Each business process should be uniquely named and numbered in
the structure. The description of the individual business process should be represented as a diagram
representing a sequence of activities.
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9.3.11 Business operational policies and rules

Describe logical propositions applied in conducting the business processes. The propositions may
be conditions to start, branch and terminate the sequence of the business activities in the business
processes; criteria for judgment in the business processes; or formula to evaluate a quantity, which
will likely be addressed in functional requirements in the SyRS and SRS. The policies and rules shall be
uniquely named and numbered, and shall be referenced in the description of the business processes.

9.3.12—Business-operationalconstraints— —————

Descrjbe conditions to be imposed in conducting the business process. The conditions may be on“a
perfofmance constraint (e.g., the process shall be finished within a day after the triggering'event
occurs), or may be from a management requisite such as 'every occurrence of the process.shall be
monitpred and recorded".

9.3.13 Business operational modes

Descrjbe methods to conduct the business operation in an unsteady state, for example, a state when
busingss operations might be extremely busy due to some intensive occurrenee.of events. An unsteady
state [of business operation includes a manual operation mode when the\proposed system is not
availaple due to some unexpected situation like an accident or natural disaster.

9.3.14 Business operational quality

Defing the level of quality required for the business operation.\For example, a business process may
addreps required urgency with higher priority than the reliability of the business process.

NOTE This can include high-level objectives for usability and quality in use (effectiveness, efficiency,
satisfaction and freedom from risk from use, see ISO 9241-220:—, 9.3.1.1).

9.3.13 Business structure

Identify and describe the structures in the‘business relevant to the system, such as organizational
structlure (divisions and departments),.role and responsibility structures, geographic structures and
resoufce sharing structures. There mdy be a need to align the system functions to these structures and
to support future structural changes.

9.3.16 High-level operational-concept

Describe the proposed system in a high-level manner, indicating the operational features that are to be
provided without specifying design details. The following information should be included:

a) operational pelieies and constraints;
b) description.of the proposed system;

c) modés of system operation;

d) user classes and other involved personnel; and
e) supportenvironment.

NOTE Detailed discussion of the information item content for the System Operational Concept Document is
in Annex A, particularly A.2.5.

9.3.17 High-level operational scenarios

Describe examples of how users/operators/maintainers will interact with the system in important
contexts of use. The high-level scenarios are described for an activity or a series of activities of business
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processes supported by the system. The scenarios should be uniquely named and numbered and should
be referenced in the description of the business processes in 9.3.9.

NOTE More information for the context of use and the usability requirements can be found in ISO/IEC 25030,
ISO/IEC TR 25060, ISO 9241-220 and I1SO 9241-210.

9.3.18 Other high-level life-cycle concepts

Describe how the system of interest is to be acquired, deployed, supported and retired.

9.3.19 Project constraints

Describe constraints to performing the project within cost and schedule.
9.4 Stakeholder requirements specification (StRS) content

9.4.1 StRS overview

This clause defines the normative content of the stakeholder requirements specification (StRY). The
project shall produce the following information item content in acecordance with the project’s pplicies
with respect to the stakeholder requirements specification. Organization of the content such ps the
order and section structure may be selected in accordance with the project’s information management
policies.

9.4.2 Stakeholder purpose

Describe at the organization level the reason and baekground for which the organization is pursping a
new business or changing the current business iiorder to fit a new management environment. |n this
context it should describe how the proposed system will contribute to meeting business objectivés.

9.4.3 Stakeholder scope
Define the business domain under consideration by:
a) identifying the business domain by name;

b) defining the range of business activities included in the business domain concerned. The scope can
be defined in terms of divisions in the organization and external entities that relate directly|to the
business activities, or functions to be performed by the business activities. It is helpful to show
environmental-entities which are outside of the scope;

c) describingythe scope of the system being developed or changed. The description infludes
assumptions on which business activities are supported by the system.

9.4.4<~0verview

Describe major internal divisions and external entities of the business domain concerned and hoy they

T h IR | 1 e 1 s : 11
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9.4.5 Stakeholders

Listthe stakeholders or the classes of stakeholders and describe how they are related to the development
and operation of the system.

9.4.6 Business environment

Define external and internal environmental factors that should be taken into consideration in
understanding the new or existing business and eliciting the stakeholder requirements for the system to
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be developed or changed. The environmental factors should include possible influences to the business
and consequently the system from external conditions like market trends, laws and regulations, social
responsibilities, and technology base.

9.4.7

Mission, goals and objectives

Describe the business results to be obtained through or by the proposed system.

9.4.8

Descr
conce
such

partn

NOTE

Motiv{

9.4.9

Descr

inforn

a p

b) I
ol

—Busimess modet

be methods by which the business goal is expected to be achieved. The description should\be
htrated on the methods supported by the system to be developed or changed with the items
s product and services, geographies and locales, distribution channels, business alliance and
ership, and finance and revenue model.

Detailed discussions and definitions of the business model elements can be found in Business
tion Model (BMM) Specification by OMG.

Information environment

be the overall strategy for the organization level decisions on. (common bases for multiple
hation systems. It should include the following items.

roject portfolio - when multiple system projects are running or planned to pursue the same

byisiness goal, the priority, relative positioning and possible‘constraints come from the portfolio
nm

anagement strategy.

ng term system plan - when common system infrastructure or architecture has been decided
planned, it should be described as constraints en-possible design decisions.

c) database configuration - an organization;level database configuration plan and possible

(o(

nstraints on availability and accessibility.ef organization global data should be specified.

9.4.11 System processes

Providle a description of how and in which context the system supports the business activities. In general,

syster

and c
The d
seque

9.4.11

Descr

requit

h processes flow from the ‘erdered structure of the business processes with decomposition
assification. Each systemrprocess should be uniquely named and numbered in the structure.
escription of the individual system process should be represented as a diagram representing a
hce of activities.

System operational policies and rules

be how the-‘business operational policies and rules will likely be addressed in functional
ements\in/the SyRS and SRS. The policies and rules shall be uniquely named and numbered, and

shall be referenced in the description of the business processes.

9.4.12

erational constraints
et iH-conStANtS

n
|

Describe system conditions and functional requirements to be imposed on the system in conducting
the business process. The conditions may result in a performance requirement in the SyRS.

9.4.13 System operational modes and states

Describe operational modes and states to support system operation.
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9.4.14 System operational quality

Define the level of quality required for the system operation, such as performance, compatibility,
reliability, security, maintainability and portability. For example, a process can address required
urgency with higher priority than the reliability of the process.

NOTE See ISO/IEC 25010 for additional guidance on quality requirements.

9.4.15 User requirements

User requirements are requirements for use that provide the basis for design and evaluation.of.syjstems
to meet identified user needs. User requirements can include requirements for use-related dquality
(including usability) that specify the intended outcomes and associated quality criteria; User-system
interaction requirements that specify the required interaction to achieve the intended‘outcomgs, and
any constraints that could limit the freedom of design and implementation of soliitions to satidfy the
user requirements. The user requirements can be used as a basis for the operational scenarids that
specify how to meet these requirements when interacting with the system.

The context of use specified for a design (i.e., the context in which the systeém is to be used) shopld be
specified as part of the user requirements specification to clearly idefitify the conditions under which
the requirements apply. Usability requirements and objectives for\the system include measfirable
effectiveness, efficiency and satisfaction criteria in specific contextsof use.

NOTE1 For more information about the context of use see ISO/IEC) 25030 and ISO 9241-11. See ISO 202§2-1 for
more information about context of use for everyday products.

NOTE 2  Additional material on user needs and user requirements can be found in ISO/IEC TR 25060, ISO/
IEC 25064, IS0 9241-210 and 1SO 9241-220.

9.4.16 Operational concept

Describe the proposed system in a high-level manner, indicating the operational features that ar¢ to be
provided without specifying design details. The following information should be included:

a) operational policies and constraints;

b) description of the proposed-system;

c) modes of system operation;

d) user classes and-other involved personnel; and
e) support environment.

NOTE Detailed discussion of the information item content for the System Operational Concept Docuinent is
in Annex Apparticularly A.2.

9.4.17° Operational scenarios

Describe examples of how users/operators/maintainers will interact with the system in impbrtant

contexts of use. The scenarios are described for an activity or a series of activities of business processes
supported by the system. The scenario should be uniquely named and numbered and should be
referenced in the description of the business processes in 9.3.10.

NOTE More information for the context of use and the usability requirements can be found in ISO/IEC 25030,
ISO/IEC TR 25060, ISO 9241-220, and 1SO 9241-210.

9.4.18 Other detailed concepts of proposed system

Describe the detailed content of the concepts for acquisition, deployment, support and retirement.
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9.4.19 Project constraints

If appropriate, describe constraints to performing the project within cost and schedule.

9.5 System requirements specification (SyRS) content

9.5.1 SyRS overview

This qtausedefimesthe ormmative content of asystenr requirententsspecificatiomr {SyRSi—Theproject
shall produce the following information item content in accordance with the project’s policies with
respeft to the system requirements specification. Organization of the content such as the order‘and
section structure may be selected in accordance with the project’s information management policié€s.

9.5.2 | System purpose

Defing the reason(s) for which the system is being developed or modified.

9.5.3| System scope

Defing the scope of the system under consideration by:

a)
b)

identifying the system to be produced by name;

rgferring to and stating the results of the earlier finalized ne€ds analysis, in the form of a brief but
clear expression of the user's problem(s). It explains what the system will and will not do to satisfy
those needs;

describing the application of the system being specified. As a portion of this, it should describe all
rglevant top-level benefits, objectives and goals as‘precisely as possible.

9.5.4 | System overview

9.5.4.1 System context

Descrjbe at a general level the major élements of the system, to include human elements and how they
interact. The system overview includes appropriate diagrams and narrative to provide the context of
the syjstem, defining all significantinterfaces crossing the system's boundaries.

9.5.4.2 System functions

Descrjbe major systenmi-capabilities, conditions and constraints.

9.5.4.8 User characteristics

Identify eagh'fype of user/operator/maintainer of the system (by function, location, type of device), the
number ifh.each group, the nature of their use of the system and their characteristics and capabilities.

NOTE Where appropriate, the user characteristics of the SyRS and SRS are consistent.

9.5.5 Functional requirements

Define functional requirements applicable to system operation.

9.5.6 Usability requirements

Define usability and quality in use requirements and objectives for the system that can include
measurable effectiveness, efficiency, satisfaction criteria and avoidance of harm that could arise from
use in specific contexts of use.
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9.5.7 Performance requirements

Define the critical performance conditions and their associated capabilities by including such

considerations as:

a) dynamic actions or changes that occur (e.g., rates, velocities, movements and noise levels);

b) quantitative criteria covering endurance capabilities of the equipment required to meet the
user needs under stipulated environmental and other conditions, including minimum total life

expectancy. Indicate required operdtiondl session duration and planned UtllZation rate;

c) performance requirements for the operational phases and modes.

9.5.8 System interface requirements

Specify requirements for interfaces among system elements and with external entities. Inte
among system elements should include interfaces with the human element,Interfaces with ex
entities should include other systems.

Define any interdependencies or constraints associated with the jinterfaces (e.g., communi
protocols, special devices, standards, fixed formats). Each interface miay represent a bidirectiong
of information. A graphic representation of the interfaces can be used when appropriate for the s
clarity.

9.5.9 System operations

9.5.9.1 Human system integration requirements

Reference applicable documents and specify any“$pecial or unique requirements, e.g., constrai
allocation of functions to personnel and commumications and personnel/equipment interactions.

Define requirements for any specific areds, stations or equipment that would require concen
human engineering attention due to the sensitivity of the operation or criticality of the task (i.e.
areas where the effects of human errot would be particularly serious).

NOTE ISO 9241-220 contain$§ a‘“formalized model that can be used in the specification, assessme
improvement of the human-centred processes in system development and operation.

9.5.9.2 Maintainability requirements

Specify the quantitative maintainability requirements that apply to maintenance in the pl
maintenance apd support environment. Examples are as follows.

a) Time (€% mean and maximum downtime, reaction time, turnaround time, mean and max
times\to repair, mean time between maintenance actions).

b) , Rate (e.g., maintenance staff hours per specific maintenance action, operational ready
maintenance time per operating hour, frequency of preventative maintenance).
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c) Maintenance complexity (e.g., number of people and skill levels, variety of support equipment,

removing/replacing/repairing components).

d) Maintenance action indices (e.g., maintenance costs per operating hour, staff hours per overhaul).

e) Accessibility to components within systems and to parts within components.

9.5.9.3 Reliability requirements

Specify the system reliability requirements in quantitative terms, including the conditions under

which

the reliability requirements are to be met. This may also include the reliability apportionment model to
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support allocation of reliability values assigned to system functions for their share in achieving desired
system reliability.

9.5.9.4 Other quality requirements

Define how the system will implement other quality requirements such as compatibility and portability.

9.5.10 System modes and states

If the|system can exist in various operational modes or states define these and, as appropriate, use
diagrgms. Define modes and states requirements.

9.5.11 Physical characteristics

9.5.11.1 Physical requirements

Include constraints on weight, volume and dimension. Include the construction chardeteristics of where
the syistem will be installed, requirements for materials to be used in the iteni or service covered by
this specification, and requirements covering nameplates and system markings, interchangeability of
equipment and workmanship.

9.5.11.2 Adaptability requirements

Defing requirements for growth, expansion, capability and contraction. For example, if the system will
require future network bandwidth, the applicable hardware Should be specified with extra card slots
to acchmmodate new network cards as demand increases,

9.5.12 Environmental conditions

Include environmental conditions to be encountéred by the system. The following areas should be
addrepsed: natural environment (e.g., wind, rain, temperature, humidity, flora, fauna, fungus, mold,
sand, salt spray, dust, radiation, chemical, airborne contaminants and immersion); induced environment
(e.g., Imotion, shock, noise, electromagnetic, thermal); electromagnetic signal environment; self-
induc¢d environment (e.g., motion, shogk, noise, electromagnetic, thermal); threat; and cooperative
envirgnment. Consideration should -also be given to legal/regulatory, political, economic, social and
busing¢ss environments.

9.5.13 System security requirements

Defing the system seeurity requirements related to both the facility that houses the system and
operafional security rnequirements of the system itself. One example of security requirements might
be to $pecify the security and privacy requirements, including access limitations to the system, such as
existejnce of log=on procedures and passwords and of data protection and recovery methods. This could
include the factors that would protect the system from accidental or malicious access, use, modification,
destryctien/or disclosure. Especially in safety-critical embedded systems this might incorporate a
distributed log or history of data sets, the assignment of certain functions to different single systems,

PR £ : 4o h TS £41 4
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9.5.14 Information management requirements

Define the requirements for the system's management of information that it receives, generates or
exports. Examples include types and amounts of information the system is required to receive and
store, any proprietary or other protections levied on the information the system deals with, and what
backup and archiving requirements exist for the information.
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9.5.15 Policy and regulation requirements

Derive requirements from organizational policies and business practices that will affect the ope

ration

or performance of the system. Derive requirements from relevant external regulations. Examples of

requirements include multilingual support, labour policies and protection of personnel informati

Specify derived requirements for health and safety criteria, including those basic to the design

on.

of the

system, with respect to equipment characteristics, methods of operation and environmental influences

such as toxic systems and electromagnetic radiation.

9.5.16 System life cycle sustainment requirements

Outline quality activities, such as review and measurement collection and analysis, t6/help re:
quality system. Life cycle sustainment also includes provision of facilities needed to previde operat
and depot-level support, spares, sourcing and supply, provisioning, technical documentation and
support-personnel training, initial cadre training and initial contractor-logistics,support.

9.5.17 Packaging, handling, shipping and transportation requirements

lize a
ional-
data,

Define requirements imposed on the system to make certain that it caitbe packaged, handled, shfipped,

transported and stored within its intended operational context.

9.5.18 Verification

Provide the verification approaches and methods planfied to qualify the system or system elg

ment.

The information elements for verification are recommended to be given in a parallel manner with the

information elements in 9.5.5 to 9.5.17.

9.5.19 Assumptions and dependencies

List any assumptions and dependencies applicable to the system requirements that should be
into account in the allocation and derivation of lower-level system requirements.

9.6 Software requirements specification (SRS) content

9.6.1 SRS overview

This clause defines thé normative content of the software requirements specification (SRS). The g
shall produce the following information item content in accordance with the project’s policie
respect to the software requirements specification. Organization of the content such as the ord
section structure may be selected in accordance with the project’s information management poli

9.6.2 _Purpose

Delineate the purpose of the software to be specified.

taken
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Describe the scope of the software under consideration by:

a) identifying the software product(s) to be produced by name (e.g., Host DBMS, Report Generator, etc.);

b) explaining what the software product(s) will do;

c) describing the application of the software being specified, including relevant benefits, objectives

and goals; and

d) being consistent with similar statements in higher-level specifications (e.g., a system requirements

specification), if they exist.
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9.6.4 Product perspective
Define the system's relationship to other related products.

If the product is an element of a larger system, relate the requirements of that larger system to the
functionality of the product covered by the SRS.

If the product is an element of a larger system, identify the interfaces between the product covered by
the SRS and the larger system of which the product is an element.

Consi‘{ier a block diagram showing the major elements of the larger system, interconnections and
external interfaces.

Descrjbe how the software operates within the following constraints:
a) system interfaces;

b) user interfaces;

c¢) hardware interfaces;

d) software interfaces;

e) communications interfaces;

f) memory;

g) operations;

h) site adaptation requirements; and

i) interfaces with services.

9.6.4.1 System interfaces

List epch system interface and identify the“functionality of the software to accomplish the system
requirement and the interface description to match the system.

9.6.4.p User interfaces

Specifly the logical characteristies of each interface between the software product and its users.

NOTE A style guide fer-the user interface can provide consistent rules for organization, coding and
intera¢tion of the user with the system.

9.6.4.3 Hardwareinterfaces

Specifly the logical characteristics of each interface between the software product and the hardware
elements ofithe system. This includes configuration characteristics (number of ports, instruction sets,

etc.). [t also covers such matters as what devices are to be supported, how they are to be supported, and
protoeels—For-exampletermina sortmray-speetyfull-sereerrs SPert-as-epposes oHrre-by-tine
support.

9.6.4.4 Software interfaces

Specify the use of other required software products (e.g., a data management system, an operating
system or a mathematical package), and interfaces with other application systems (e.g., the linkage
between an accounts receivable system and a general ledger system).

For each required software product, specify:

a) name;
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b) mnemonic;

c) specification number;
d) version number; and
e) source.

NOTE It is acceptable to specify required platforms or operating systems, but rarely feasible to require a
cpprifir‘ version Typir‘:\”y a version number mast recent version or any r‘nrrpnﬂy maintain version can be

specified for software.
For each interface, specify:
a) discussion of the purpose of the interfacing software as related to this software product;

b) definition of the interface in terms of message content and format. It is not neceSsary to detdil any
well-documented interface, but a reference to the document defining the intérface is requiredl.

9.6.4.5 Communications interfaces

Specify the various interfaces to communications such as local network protocols.

9.6.4.6 Memory constraints

Specify any applicable characteristics and limits on primary.and secondary memory.

9.6.4.7 Operations

Specify the normal and special operations requiréd by the user such as:

a) the various modes of operations in the user organization (e.g., user-initiated operations);
b) periods of interactive operations and periods of unattended operations;

c) data processing support functions; and

d) backup and recovery operations.

NOTE This is sometimes'specified as part of the User Interfaces section.

9.6.4.8 Site adaptation requirements
The site adaptation requirements include:

a) definitién of the requirements for any data or initialization sequences that are specific to af given
sit€, mission or operational mode (e.g., grid values, safety limits, etc.);

b)¢ ‘specification of the site or mission-related features that should be modified to adapt the software
to a particular installation.

9.6.4.9 Interfaces with services

Specify interactions with services, e.g., Software as a Service (SaaS) or cloud services.

9.6.5 Product functions

Provide a summary of the major functions that the software will perform. For example, an SRS for an
accounting program may use this part to address customer account maintenance, customer statement
and invoice preparation without mentioning the vast amount of detail that each of those functions
requires.
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Sometimes the function summary that is necessary for this part can be taken directly from the section
of the higher-level specification (if one exists) that allocates particular functions to the software
product.

Use cases, user stories and scenarios are also used to describe product functions.

Note that for the sake of clarity:

a)

b)

the product functions should be organized in a way that makes the list of functions understandable

tqtheacquiTer oT to anyoTE eISe Teading tire docurnent for tire firsttimTe:

tgxtual or graphical methods can be used to show the different functions and their relationships.
Stich a diagram is not intended to show a design of a product, but simply shows the logical
rglationships among variables.

9.6.6 | User characteristics

Descrijbe those general characteristics of the intended groups of users of the, product including
charagteristics that may influence usability, such as educational level, experience, disabilities and
techn]cal expertise. This description should not state specific requirements, butrather should state the
reasons why certain specific requirements are later specified in specific requirements in 9.6.9.

NOTE[L  Where appropriate, the user characteristics of the SyRS and SRS are consistent.

NOTER  For additional information on context of use and user needs, gee ISO/IEC 25063 and ISO/IEC 25064.

9.6.7 | Limitations

Providle a general description of any other items that will,limit the supplier's options, including:

a)
b)
‘)
d)
e)
f)
g)
h)
i)
j)
k)
)

m)

rggulatory requirements and policies;

hardware limitations (e.g., signal timing requirements);
interfaces to other applications;

parallel operation;

andit functions;

cgntrol functions;

higher-order language)requirements;

sipnal handshake protocols (e.g., XON-XOFF, ACK-NACK);
qfality requirements (e.g., reliability);

cfiticality of the application;

s3fefy and security considerations;

physical/mental considerations; and

limitations that are sourced from other systems, including real-time requirements from the
controlled system through interfaces.

9.6.8 Assumptions and dependencies

List each of the factors that affect the requirements stated in the SRS. These factors are not design
constraints on the software but any changes to these factors can affect the requirements in the SRS.
For example, an assumption may be that a specific operating system will be available on the hardware
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designated for the software product. If, in fact, the operating system is not available, the SRS would

have to change accordingly.

9.6.9 Apportioning of requirements

Apportion the software requirements to software elements. For requirements that will require
implementation over multiple software elements, or when allocation to a software element is initially

undefined, this should be so stated. A cross-reference table by function and software element sho

uscsadtaocummaariza tha annartionmantc
ot

uld be

TS oTo-STTTat T r A o e PP TTOTTIIITCTIIeoT

Identify requirements that may be delayed until future versions of the system (e.g., bloeks 3
increments).

9.6.10 Specified requirements

Specify the software system requirements to a level of detail sufficient for software design, develo
and verification of the software increment or release in process.

The requirements should:

a) be stated in conformance with all the characteristics describedin 5.2 of this document;
b) be cross-referenced to earlier versions or related documents;

c) beuniquely identifiable;

d) describe every input (stimulus) into the software system, every output (response) fro

nd/or

bment

m the

software system, and all functions performed by\the software system in response to an input or in

support of an output.

9.6.11 External interfaces

Define all inputs into and outputs from the software system. The description should compleme
interface descriptions in 9.6.4.1 through 9.6.4.5, and should not repeat information there.

Each interface defined should incliide the following content:
a) name of item;

b) description of purpaose;

c) source of input-or destination of output;

d) valid range,-accuracy and/or tolerance;

e) units'ofmeasure;

f) iming;

nt the

g) relationships to other inputs/outputs;

h) data formats;
i) command formats; and

j) dataitems or information included in the input and output.
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9.6.12 Functions

Define the fundamental actions that have to take place in the software in accepting and processing the
inputs and in processing and generating the outputs, including:

a) validity checks on the inputs;

b) exactsequence of operations;

C) n etao b ora ol o nding:

respenseste-abnormal-sttuationstncluding:
1] overflow;

2] communication facilities;

3] hardware faults and failures; and

4] error handling and recovery;

d) efffect of parameters;

e) rdlationship of outputs to inputs, including:
1] input/output sequences; and

2] formulas for input to output conversion.

It may be appropriate to partition the functional requirements.into sub-functions or sub-processes.
This does not imply that the software design will also be partitioned that way.

9.6.13 Usability requirements

Defing usability and quality in use requirements andiobjectives for the software system that can include
measyrable effectiveness, efficiency, satisfaction’criteria and avoidance of harm that could arise from
use in[specific contexts of use.

NOTE Additional guidance on usability-réquirements can be found in ISO/IEC TR 25060.

9.6.14 Performance requirements

Specifly both the static and the dynamic numerical requirements placed on the software or on human
interaction with the software as a whole.

Static[numerical requirémeénts may include the following:
a) tHe number offerminals to be supported;
b) the numbér of simultaneous users to be supported; and

c) the amadunt and type of information to be handled.

: . 1 : - b 2 PRI | h] - b PR B . e
Statlc ITUIIICTILATI TCUUITTIIICIILS dI'© SUIITCUIIICS TUCIIUITNITU UITUCT d SEP I dLT STLLIVIT CIILILICU UdpPdCLIly.

Dynamic numerical requirements may include, for example, the numbers of transactions and tasks and
the amount of data to be processed within certain time periods for both normal and peak workload
conditions.

The performance requirements should be stated in measurable terms.
For example,
95 % of the transactions shall be processed in less than 1 s.

rather than,
© ISO/IEC 2018 - All rights reserved
72 © IEEE 2018 - All rights reserved


https://standardsiso.com/api/?name=8c45e7765891b1956585d3471fcdc2c4

ISO/IEC/IEEE 29148:2018(E)

An operator shall not have to wait for the transaction to complete.

NOTE Numerical limits applied to one specific function are normally specified as part of the processing

subparagraph description of that function.

9.6.15 Logical database requirements

Specify the logical requirements for any information that is to be placed into a database, including:

a) types of Information used by various functions;
b) frequency of use;

c) accessing capabilities;

d) data entities and their relationships;

e) integrity constraints;

f) security; and

g) dataretention requirements.

9.6.16 Design constraints

Specify constraints on the system design imposed by exteérnal standards, regulatory requireme
project limitations.

9.6.17 Standards compliance

Specify the requirements derived from existing.standards or regulations, including:
a) report format;

b) data naming;

c) accounting procedures; and

d) audittracing.

For example, this could specify the requirement for software to trace processing activity. Such
are needed for some~applications to meet minimum regulatory or financial standards. An audit
requirement mayyfor example, state that all changes to a payroll database shall be recorded in 4
file with beforétand after values.

9.6.18 Software system attributes

Specifythe required attributes of the software product. The following is a partial list of exampleg:

nts or

Lraces
trace
trace

a)y Reliability - specify the factors required to establish the required reliability of the software s

ystem

at the time of delivery.

b) Availability - specify the factors required to guarantee a defined availability level for the
system such as checkpoint, recovery and restart.

entire

c) Security - specify the requirements to protect the software from accidental or malicious access,
use modification, destruction or disclosure. Specific requirements in this area could include the

need to:
1) utilize certain cryptographic techniques;
2) keep specific log or history data sets;
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3) assign certain functions to different modules;

4) restrict communications between some areas of the programme;

5) check data integrity for critical variables; and

6) assure data privacy.

d) Maintainability - specify attributes of software that relate to the ease of maintenance of the

li

e) P
h

1
mitation. Requirements should not be placed here just because they are thought to be good desigit

practices.

prtability - specify attributes of software that relate to the ease of porting the software to other
pst machines and/or operating systems, including:

1] percentage of elements with host-dependent code;
2] percentage of code that is host dependent;
3] use of a proven portable language;

4] use of a particular compiler or language subset; and

use of a particular operating system.

9.6.19 Verification

Provigle the verification approaches and methods planned\to qualify the software. The information

items

for verification are recommended to be given in aparallel manner with the information items in

9.6.10/to 9.6.18.

9.6.20 Supporting information

Addit

a) se

onal supporting information to be considered includes:

mple input/output formats, deseriptions of cost analysis studies or results of user surveys;

b) supporting or background information that can help the readers of the SRS;

c) a

description of the problénis'to be solved by the software; and

d) special packaging instructions for the code and the media to meet security, export, initial loading

(0)

The S
requit

other requirements.

RS should explicitly state whether or not these information items are to be considered part of the
ements.
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Annex A
(normative)

System operational concept

18(E)

A.1 Overview

A System Operational Concept (OpsCon) document describes what the system will do (noéthow it yill do
it) and why (rationale). An OpsCon is a user-oriented document that describes system'characterigtics of
the to-be-delivered system from the user's viewpoint. The OpsCon document is used to commupicate
overall quantitative and qualitative system characteristics to the acquirer, wser, supplier and|other

organizational elements.

Users of this document should consider producing separate System OpsCon and SyRS documentfs. The
OpsCon document can then focus on all necessary requirements spécifically from the user's| point
of view, and can use vocabulary and illustration tools that are familiar to the user's experien¢e and
knowledge base. The benefits include: definition of the issues,.€onstraints and opportunities rglated
to human involvement with the system, production of an estimate of what has not been spekified,
clarification of the constraints, opportunities and degree ,of flexibility required of the systerh, and

setting of priorities for the requirements. However, thene is nothing in this document that
preclude producing an information item combining the'System OpsCon and the SyRS.

would

The project shall produce the following information.item in accordance with the project's policiep with
respect to the System Operational Concept. The-ififormation item content in A.2.7 shall be produfced in
the course of producing the Stakeholder Requirements Specification as referred to in 9.3.16 and 9.3.17.

NOTE1 A separate OpsCon document enables the engineering team during development of the SyRS t

focus

more on the technical community and thewocabulary and knowledge base of the system suppliers and usqrs.

NOTE 2  Similarities exist between the Concept of Operations and the System Operational Concept. The Cpncept
of Operations describes the view from the organization regarding the intent and assumptions for operatign(s). It

captures a broad picture of the organizational level purpose. See Annex B.

A.2 Operational ¢concept document (OpsCon)

A.2.1 General

Describe eachvof the essential elements of an OpsCon document. Each version of an OpsCon doc

iment

based on this guide should contain a title and a revision notice that uniquely identifies the docyment.
Revisien information may include the project name, version number of the document, date of r¢lease,
appreval signatures, a list of clauses that have been changed in the current version of the documert, and
alist of version numbers and dates of release of all previous versions of the document. The apgroved

OpsCon document should be placed under configuration control

The preface of an OpsCon document provides information that the writer wants the reader to
prior to reading the document. The preface should include the purpose of the document, the sc

know
ope of

activities that resulted in its development, who wrote the document and why, the intended audience for

the document and the expected evolution of the document.

A table of contents, a list of figures and a list of tables should be included in every OpsCon document.
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