TECHNICAL ISO/IECTS
SPECIFICATION 30103

First edition
2015-09-15

Software and Systems Engineering —
Lifecycle Processes — Framework for
Product Quality Achievement

Ingénierie du logiciel et des systémes — Processus du cycle de vie —
Cadre pour la réalisation de-la_qualité du produit

Reference number

@ m ISO/IEC TS 30103:2015(E)
Y=
©ISO/IEC 2015



https://iecnorm.com/api/?name=0c366a42d7d7366d66a872549667d7eb

ISO/IEC TS 30103:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2015, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

WwWw.iso.org

ii © ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=0c366a42d7d7366d66a872549667d7eb

ISO/IEC TS 30103:2015(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
I OUQUICION.......coc st vi
1 S0P ...
1.1 Application
1.2 ALAIETIICE .88
1.3 Limitations
Motivation 2
Terms, definitions and abbreviated terms
Quality achieVement CONCEPLS............ ey
4.1 Overview of quality aChieVEMENT ... g
4.2 Guiding principles and approach
4.3 Localization of quality responsibility ... 5 e
4.3.1 Establishing system element requirements................. e
4.3.2  Identification of process instances.....................
4.4 Creation of process instance descriptions......
4.4.1  Establishment of success criteria.......
4.4.2 Identification of detailed activities and tasks...
4.4.3  Process instance descriptions............... 5.
4.5 Consistency with institutional Knowledge....... % e
4.6 Maintenance of content CONSISLENCY ...l
5 Required background concepts.................. S0
5.1 System and Software Concepts
5.2 Life cycle concepts .....pi S
5.3 PrOCESS COMTEPLS ...oooierie e N ettt
54  0rganizational CONCEPES ... e
5.5 Information Item Concepts
5.6 Notion of technical MANAGEMENT ... e 14
6 Context Of APPICATION .1 e
6.1 Relationship to.ofher standards
6.2 Organizationdl GONtEXE ...
6.3 Stakeholder context
6.4 STAGE COTTTOXT ...tk
6.5 PlrOCESS CONEEKL ...
6.6 INfOrITAtION TEEIM COMEEXLE ..ot
7 Potential process augmentations. ... s 17
7.1 Project planning process
72 Project assessment and CONEIOl PIrOCESS...........o e e 17
8 Guidelines for process augmentations................oooooiiiiiiiiiiiiiiifo 17
8.1 Project PIANINING PIOCESS ...ttt 17
8.2 Project assessment and CONEIOl PIOCESS. ... 18
9 Potential information item augmentations. ... 18
9.1 Process Instance Descriptions
9.2 COMNSISTOIICY TTACKET ..ot
10 Guidelines for information item augmentations ... 19
10.1  Process iNStanCe d@SCIIPTIONS. ...t 19
T0.2  CONSISEENCY ETACKET ... 19
Annex A (informative) Example: Establishing System Element Requirements.................ccccocnn 20
Annex B (informative) Example: Creation of Process Instance Descriptions............... 23
Annex C (informative) Example: COnSiStencCy TIaCKeT ... 27

© ISO/IEC 2015 - All rights reserved iii


https://iecnorm.com/api/?name=0c366a42d7d7366d66a872549667d7eb

ISO/IEC TS 30103:2015(E)

Annex D (informative) Example: Process View for Specific Requirement

Annex E (informative) Theoretical FOuNAations ...
Annex F (informative) Example Set of Mutual Consistency Relationships................ 37
BIDIHOGTAPIY ... 38

iv © ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=0c366a42d7d7366d66a872549667d7eb

ISO/IECTS 3010

Foreword

3:2015(E)

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 non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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Introduction

This Technical Specification provides guidance on the application of ISO/IEC/IEEE 15288:2008[1]
life cycle processes with specific reference to addressing quality in projects that deliver systems and
software products and services. It focuses on a systematic approach to achieving quality, involving the
development of certain information items, the inter-relationships between these information items
and the maintenance and mutual consistency management of these information items. In particular,
it describes how to develop detailed specifications of the collection of process instances needed to
produce a specific product or system and achieve its quality goals. It describes how the guidance in
life cycle process standards may be applied in conjunction with other standards (such as the ISO/IEC
25000[12] SQuaRE series of standards that address the specification, measurement and evaluati¢n of
product quality) to achieve quality during the development of a specific system.

Application| of life cycle processes to develop a system involves the production of, ameng others, a
collection of information items such as stakeholder requirements, system requirements;deésigns, plans,
and technidal strategies, as well as a collection of artefacts including the various system elementq and
enabling syftems. The guidance in this Technical Specification is based on the following principles

— LocaliZation of quality responsibility: Requirements should be established for each sy$tem
element and enabling system, derived from the overall system requitements; the set of prdcess
instandes needed to develop each system element or enabling system“should be identified; their
respongibilities towards quality are demarcated by the outcomes,defined for the corresponding life
cycle process in [SO/IEC/IEEE 15288;

— Creatign of process instance descriptions: For each pro€ess instance, success criteria should be
establighed based onthe outcomesdefined forthe correspondinglife cycle process,the characterigtics
and requirements of the particular system element, and requirements and constraints arjsing
from product decisions made in other process instances; the set of specific tasks and associated
competencies needed to achieve these success criteria should be identified, particularly for system
elements with significant quality risk;

— Consistency with institutional knowlédge: Achievement of quality ultimately depend§ on
correct| technical decisions. Relevant institutional knowledge should be systematically identfified
and deployed for making product and-process decisions, and the resulting information itemsg and
artefacts should be checked for consistency with the applicable bodies of institutional knowledige;

— Maintenance of content consistency: All the information items, including the process insthnce
specifigations themselves,may evolve concurrently throughout the development life cycle. Conptent
consistency relationships among the various information items and artefacts should be tracked and
managgd as these information items and artefacts evolve concurrently.

The Technifal Specifieation is applicable to any project involving the development, enhancement or
re-engineerfing of systems with hardware, software and human elements. It is particularly usefpl to
project orghnizations that operate in multiple application domains where the set of critical quplity
characterisfic¢s’ varies widely across projects, requiring a more systematic and detailed approacgh to

auvalannaant cto o filbao cuctaxa 1304 ]
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This Technical Specification is intended to provide guidance for two-party situations and may be
equally applied where the two parties are from the same organization. This Technical Specification
can also be used by a single party as self-imposed tasks. This Technical Specification can also serve
as guidance in multi-party situations, where high risks are inherent in the supply and integration of
complex systems, and procurement can involve several suppliers, organizations or contracting parties.
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Software and Systems Engineering — Lifecycle Processes

Framework for Product Quality Achievement

1 Scope

1.1

Application

This

The
IEEH
that
Ever
dete)
inst
Tech

This

Applic
Technical Specification provides guidance on

hpplying processes from ISO/IEC/IEEE 15288:2008[1] in conjunction with- othen
fo contribute to achieving quality of systems and software products and-services
Hevelopment stage of the life cycle (6.4),

the information items that should be produced through the implementation of t
processes (6.5), and

the new information items (Clauses 9 and 10).

scope of this Technical Specification is to indicate how tovapply the life cycle processes

may be made to modify the generic process descriptions to suit the needs of a particy

after any applicable tailoring, there is a need.to apply the resulting process gy
rmine the specific detailed activities, tasks and associated success criteria for each of
inces needed to deliver the target system&That is the focus of the framework descr
nical Specification.

Technical Specification is applicable_to

those who use or plan to use ISO/IEC/IEEE 15288:2008 on projects dealing with man-m3g
software-intensive systems, software products, and services related to those systems ai
regardless of project scope,product(s), service(s), methodology, size or complexity,

those who use or plan te-tise ISO/IEC/IEEE 15289(2] on projects dealing with man-ma
software-intensive systems, software products, and services related to those systems af]
regardless of project scope, product(s), methodology, size or complexity,

hnyone perfotming technical processes and tasks,

those who* are responsible for the technical management of projects concerne
Hevelopment of systems,

standards
during the

he relevant

in ISO/IEC/

15288:2008 to achieve quality in the context of a specific product. It is independent of ajny tailoring

lar context.
idance and
the process
ibed in this

de systems,
\d products,
de systems,

1d products,

1 with the

Fhose responsible for performing ISO/IEC/IEEE 15288:2008 life cycle processes at a project level,

— organizations and individuals subcontracting a project management effort,

— anyone developing systems engineering managementdocumentation to complete technical planning
aspects of their project processes,

— anyone performing systems engineering activities,

— project managers responsible for staffing projects and identifying competency development needs,

— anyone developing information items during the application of project and technical processes, and

— anyone performing project and technical processes to aid in ensuring that the information items

developed during these processes conform to ISO/IEC/IEEE 15289.
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1.2 Audience

The guidance in this Technical Specification is intended to be used in the development and maintenance
stages of the life cycle by all organizations and projects that develop or maintain systems and software
products and services. It is of particular value to organizations that work in a variety of application
domains, where the set of critical quality characteristics and approaches to achieve them vary widely
across projects.

1.3 Limitations

The achiev
manageme
quality ach
not sufficie

This Techni
process ins
each proce;
tasks and p

t tasks. Whlle this Technlcal Spec1f1cat10n provides guidance on a systematlc approa
evement, including identification of needed competencies, the use of the approach alo
it to guarantee achievement of quality.

cal Specification provides guidance on developing detailed specifications ofithe collecti
fances needed to develop the product or service including the artefact-specific tasks w

rocesses. The area of situational method engineeringl8] addresses the problem of organ

the collectign of tasks into a network with defined information flow patterns.

Tradeoffs a

of requirenjents, design, planning and other processes. Any iteration rieeded to address tradeoffs is

of concurre
after tradec

The approa

nt elaboration. Consistency relationships must hold ameng information items and arte
ffs have been made. Guidance on tradeoffs is not proevided to avoid over-prescription.

systems. H

interactive pervice delivery, and this approach does notaddress that aspect of service quality.

2 Motivation

ISO/IEC/IEEE 15288:2008 establishes a common framework for describing the life cycle of sysf

s instance, but it does not address sequencing and information flow.isSues among t

ch described herein is applicable to design and<ealization of services and service deli
wever, the achievement of service quality also. depends on management of quality dy

and
th to
he is

bn of
thin
hese
zing

mong quality attributes are intentionally not addressed. Tradeoffs are part of the enactinent

part
Facts

[very
ring

ems

created by humans. It defines a set of pro¢esses and associated terminology. These processes can be

applied at
achieve qu

These proct
to all proj
ISO/IEC TR
cycle proce
process ma
that multip

When apply

project level and guidance'is provided on the outcomes, activities and tasks needq

lity.

bcts involving  systems and software products and services. ISO/IEC TR 24748
sses to a specific system, indicating that multiple recursive instances of each life
 be needed corresponding to system elements at each hierarchical level of the system
e iterative instances may be needed to deal with dependencies and changes.

bsses are intentionally defined to be product-agnostic so that they can be widely applig

24748-2[3] and-ISO/IEC/IEEE 29148I11] provide guidance on the application of thesé

ig’the guidance from these standards to develop a specific system, there are challenges

d to

able
11021,

life
ycle
and

that

s L1l 1 I - 1oy 1o + N LI | P | Jerd + | FELA B B - P | 1L
can potentiatly Tead to gaps T quUallity aclIe VENTet WITICIT ITIdy 1Tt DE uetectet Ut Iate 1T tie e Ty cle.

— All the specific tasks needed to develop each artefact associated with each system element and

enabling system must be identified. While the list of activities and tasks in each life cycle process
provides a starting point, the specific tasks to be performed depend on the requirements and
characteristics of the target system element. Any omissions in identifying the right set of specific
tasks will lead to defects that may not be detected until late in the life cycle.

The product decisions made in various process instances need to be mutually consistent. The
decisions in some information items and artefacts impose requirements and constraints on others.
Mutual consistency relationships among deliverables must be maintained as they evolve during the
concurrent enactment of the various process instances. Gaps arise if changes are not propagated
consistently among artefacts.

© ISO/IEC 2015 - All rights reserved
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Quality achievement depends on the right technical decisions being taken. There is considerable

institutional knowledge from standards and other sources that can guide these technical decisions,
but there are often gaps in identification and application of the relevant technical knowledge.

This Technical Specification closes these potential gaps, describing in detail how the life cycle processes

may

be used to achieve quality for a specific system.

3 Terms, definitions and abbreviated terms

31

rraentalabaoragdico
Uuriciit viduvul ativil

cong
life g
arte

Note

3.2

confent consistency

sem
3.3

info
sepa

[sou

3.4
inst
knoy

of kpowledge and organizational knowledge

3.5
inst
iden|
and
task

Note

3.6

Facts produced by these process instances evolve concurrently

1 to entry: This is referred to as concurrent elaboration of information items.

hintic consistency among the contents of information items

Fmation item
rately identifiable body of information that is produced, stored, and delivered for huma

RCE: ISO/IEC/IEEE 15289]

tutional knowledge
vledge from accepted sources, including standards, academic sources, domain and indy

Antiation
fification, for each instance of alife cycle process, of the success criteria, artefact-specif
tasks needed to achieve the process outcomes, and the competencies needed to pel
5, based on the characteristics and requirements of the target system element

1 to entry: Thisis referred to as instantiation of the life cycle processes for a specific system, prody

loc

assignment of responsibility for specific quality-related requirements or decompositions
partjcular proeess instance

3.7

prog¢ess instance

single specific and identifiable execution of 3 process
g‘ r r

ity of quality responsibility

ycle process instances are enacted concurrently during the project, and the informatioln items and

nuse

stry bodies

ic activities
rform these

ctorservice.

thereof to a

[SOURCE: ISO/IEC 33001:2015, 3.2.17]

Note 1 to entry: It is the result of instantiation of life cycle processes for a specific system, product or service.

3.8

quality responsibility

resp

onsibility for achievement of a quality requirement or decomposition thereof
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success criteria
set of conditions to be satisfied by a process instance at completion

Note 1 to entry: Information items and artefacts produced by the process instance must meet the success criteria.
Success criteria are established based on the outcomes of the corresponding life cycle process, requirements of
the system element to which the process instance contributes, and requirements and constraints arising from
decisions in other process instances.

4 Quality achievement concepts

4.1 Ove

Figure 1 s
to quality
requiremen
and measu
to achieve
approach. T
further pro

The figure
some of th¢
that provid
application

iew of quality achievement

ws an overview of the relationships between the process and product decisions rel
hievement in a project. Product decisions for a project include, among others; the sy
ts, design, realization technologies, as well as verification, integration, validation, trans
Fement strategies. Process decisions include identification of the specific tasks ne

he process decisions are influenced by previous product decisions, and in turn geng
Huct decisions.

ndicates the life cycle process standards that provide guidance on process decisions
b standards that provide guidance on product decision$.“There are also other stand
b guidance on product and process decisions related ta particular quality characteristi
domains, such as security, safety and automotive stahdards.

ated
btem
tion
pded

quality for the specific system, as well as the practices, tools and<technical manageinent

rate

and
ards
CS or

Process decisions
Stakeholder

Product decisions

Quality

requirements
definition

Requirements

characteristics

System

analysis

15288

Architectural

requirements

Architecture

design

Implementation
& integration

Verification,
validation &

description

Verification &
validation strategy
and enabling
systems

Transition strategy

Measurement &

i= Measurement

evaluation strategy

> “Produce”

<—— “Influence”

Figure 1 — Overview of quality achievement
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It should be noted that the lines in the above diagram represent informational and generative
relationships, not control flows. Life cycle processes are typically enacted concurrently and iteratively,
so that the various product-related decisions and the related process decisions evolve continuously
throughout the project. In general, it cannot be assumed either that the process decisions are all frozen
prior to enactment of that process, or that information items and artefacts are produced sequentially. In
complex projects, all of these evolve continuously and concurrently, and the consistency relationships
among them must be managed.

4.2
The

Guiding principles and approach

pprn:\r‘h to nlnqlify achievement described herein inrnrpnrquc four prinr‘ip]pc

The
succ
cons
prod
as in

The

Localization of quality responsibility: Quality requirements should be establish
cystem element and enabling system (herein referred to generically as artefdats), b
pverall system requirements and the architectural design; the responsibility) for mg

produce the system element, in accordance with the outcomes defined-for the corresj
cycle processes.

Creation of process instance descriptions: For each process instance, its responsibilif]
meeting the requirements of the system element should be captdred in the form of sucqg

perform them should be identified, especially for system.élements with significant qua

correct technical decisions. Relevant institutional~knowledge should be systematicall
hnd deployed for making product and process décisions, and the resulting informatio
hrtefacts should be checked for consistency with the applicable bodies of institutional K

Maintenance of content consistency: Content consistency relationships among the

hs they are concurrently elaborated.-during project enactment.

principles establish each process instance as a locality of quality responsibility W
ess criteria that reflect quality'requirements, along with the complementary concepts
istency of decisions acress;localities and systematic application of institutional kn
ess and product decisions: The creation of detailed descriptions of process instances ig
stantiation of the life Cycle processes to the particular system element.

resulting approach’is shown in Figure 2.

bd for each
hsed on the
eting these

requirements should be further distributed among the collection of processinstances that together

bonding life

ies towards
ess criteria.

The detailed activities and tasks needed to achieve the suctCess criteria, and the competencies to

ity risk.

Consistency with institutional knowledge: Achievement of quality ultimately depends on

y identified
h items and
fnowledge.

nformation

tems and artefacts (i.e. mutual consistency of product decisions) should be tracked and managed

ith defined
of ensuring
owledge to
referred to
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[nstitutional

—> Information flows knowledge

For each Establish requirements based Identify the set of process
system on overall system requirements instances needed to deliver
element and design decisions the system element

Establish success criteria based on
For eac the life cycle process outcomes, the Identify detailed activities and
process requirements of the target system tasks needed to achieve the
instanc element and relevant product success criteria

decisions in other processes

-

For thelset of Identify consistency relationships Monitor gaps in mutual
informgtion among the information items and consistency and consistency
items apd artefacts produced by the process with institutional knowledge
artefacts instances during concurrent elaboration

< S

Figure 2 — Approach to quality achievement
QO

The applicqtion of these principles should be tu;§@'to the complexity of the system, developient

context, crificality of quality characteristics and.idéntified technical risks to achieve the best balance

between the benefits conferred by the syster@ c approach and the effort required to implement the

approach. There are several dimensions of flexibility in the application of the approach, for ea¢h of
which choides need to be made based on identified risks and other contextual factors:

— the grahularity of system elem@‘(&o which the approach is applied;

.

— whether to drill all system requirements down to the lowest level of the system hierarchy, or|only
those requirements tha@ecritical to the particular system element;

— the setpf process in g‘{ces selected for detailed instantiation, and the level of detail needed i the
i identified risks;

— the set fcon%gp consistency relationships to be tracked and managed.

The theore }@z oundations underlying these principles are discussed in the informational Ahnex
E. This app L . . : : )
Time” concept[28].

4.3 Localization of quality responsibility

4.3.1 Establishing system element requirements

The system requirements and architecture description identify the collection of system elements that
need to be developed, typically by decomposing the system-of-interest hierarchically into lower level
system elements.

NOTE1 These system elements may be modules, components, services, features or updates and changes to
existing system elements (in the case of incremental development or re-engineering).

6 © ISO/IEC 2015 - All rights reserved
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Recursive instances of the Requirements Analysis and Architectural Design processes decompose
the overall system requirements to establish the requirements for each lower level system element.
Requirements relating to quality characteristics should be hierarchically decomposed and allocated.
Depending on the nature of the quality characteristic and the decomposition, a requirement may
be directly assigned to a single system element, assigned to each of several system elements, or
decomposed and distributed among multiple system elements.

NOTE 2 In incremental development, the allocated requirements may reflect the changes in characteristics
needed for each system element, rather than the overall characteristics of the element.

The granularity to which requirements are drilled down depends on the tradeoffs between the cost
of eptablishingrequirentents—fortower—tevet—etements—and—the—benefitsof more—gramylar quality
manpgement. This tradeoff may be managed at the level of individual requirements,“sq that more
critifal requirements are drilled down deeper in the system hierarchy.

In this Technical Specification, the approach to quality achievement is illustrated with the example
of adding barcode scanning capabilities to a hospital Blood Bag Inventory System. Figure|3 shows an
exarhple hierarchical decomposition and some requirements for each system’element.

e Accuracy of bar code entry: 99,9%.
e Average time taken'for receipt or
Blood bag inventory system issue of bag: 30 6.

release 2.4 e Convenient to.right & left-handed
operators.

Operator

Bar code
system

Application

procedures

updates .
and training

e Scanning availability = 95% e Data entry e Reliability of manual |cross-
(barcode not scannable 5% reliability = 90%. check = 80%.
of time). e Data entry time e Manual cross-checking
e Scanning reliability:.99,9% =90s. time = 15 s.
(errors in scanning). e Ergonomics design and
e Scanning time)= 10 s. training for right & left-
» Convenjent to right & left- handed operators.
handed)operators.
Figure 3 — Example (partial) system element requirements

Annex A describes the example problem in more detail, and indicates the approach for determining the
requirements for each system element from the overall system requirements.

In addition to system elements, the development of the system-of-interest may also need enabling
systems e.g. testbeds, deployment setup, swing hardware for transition etc. Requirements must also
be established for each enabling system by application of the Architectural Design and Requirements
processes in conjunction with the relevant Technical Process, i.e. Integration, Verification, Validation or
Transition process.

© ISO/IEC 2015 - All rights reserved 7
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4.3.2 Identification of process instances

For each system element or enabling system (referred to generically as artefacts herein), the collection
of life cycle process instances needed to develop the artefact should be identified. This is based on the
type of the artefact (e.g. hardware, software, service), and the realization approach (e.g. development,
acquisition, adaptation of existing system elements or assets, integration from lower level system
elements). For example, a system element to be acquired needs a recursive instance of the acquisition
process, while system elements to be developed need instances of the Architectural Design and
Implementation processes. Note that for software elements, ISO/IEC/IEEE 12207:2008 may be used to
identify the collection of recursive process instances.

NOTE [JO/TET TR Z4748-T also includes the concept ol iterative process instances, wherein a pro

applied iterd
Specification
process inst
in continuou|

Annex B idd

ISO/IEC/IE]
each proce
each proce;

, iterative instances are subsumed by the concept of concurrent elaboration, according.to 'whi
inces are assumed (in principle) to operate possibly concurrently throughout the project, resu
5 evolution of the set of information items and artefacts produced.

ntifies a set of recursive process instances for the example problem.

KE 15288:2008 identifies the outcomes for each life cycle process.”The responsibilitie
bs towards quality can be inferred from these outcomes. The (Quality responsibilitig
s instance may be established by identifying success criteria'fer the process instan

cdss is
tively to refine the information items and artefacts produced. For the purposes of this Tecljnical

h all
Iting

s for
bs of
re in

accordance|with the outcomes.

4.4 Creation of process instance descriptions

4.4.1 Establishment of success criteria

The succesq criteria for a process instance include the fallowing:

stics
b are

The out
of the p
carried|

comes forthelife cycle process, applied tethe requirementsand critical quality characteri
articular artefact. Outcomes that aretindependent of the target artefact characteristic
forward without change;

Additional “checklist” criteria or *practices based on institutional knowledge, refleq¢ting
considdrations specific to the particular artefact type;

EXAMPLE rlude

a checklist it

The success criteria for'the Bar Code System Requirements Analysis process instance may in
em to establish requirements on the material for the barcode sticker.

Requir¢ments and constraints based on decisions in other process instances.

EXAMPLE bd as

success crite

Applicablétarchitecture conformance constraints and support for verification may be add
ria for Impléementation Process instances.

For exampl¢, the Requirements Analysis process identifies the following outcomes[11]:

AN . - e . . - . - !
a) The I'eq ITCU CIIdI dCLETISLICS, dULTTDULCS, dITU TUIICLIOIdD d11U pCI T0TIIIAIICE T cquu CIIICIILS 10U d lJl ogquct DLIU'
tion are specified;

b) Constraints that will affect the architectural design of a system and the means to realize it are specified;
¢) The integrity and traceability of system requirements to stakeholder requirements is achieved;

d) A basis for verifying that the system requirements are satisfied is defined.

For the Bar Code System in the example problem, it is known from institutional knowledge and the
system requirements that availability, reliability, scanning accuracy and operator ergonomics are
important quality characteristics. This leads to establishment of the following success criteria for the
Bar Code System Requirements Analysis process:

al) the target availability, reliability and accuracy for the barcode system are specified;
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e)
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scanner characteristics needed to support operator ergonomics are specified;

3:2015(E)

constraints on integration of the barcode scanner with the inventory system are specified;

constraints on the barcode system arising from the physical infrastructure are specified;

fault modes that may affect the functioning of the barcode system are identified;

constraints on the material for barcode stickers are identified;

the integrity and traceability of barcode system requirements to barcode stakeholder requirements

and/or overall system requirements is achieved;

procedures for verifying the barcode system availability, reliability and accuracy, and-t
bperator ergonomics requirements, are defined;

nitial operational phase, stabilized operations.

e success criteria are derived based on institutional knowledge aboeut the types of

availability requirements need an accompanying fault modes.identification). The es

of suiccess criteria provides an opportunity to use knowledge‘about the domain and cha

of th
resp

It sh
larg
with

The

such
risk

esta
whe
whig
whe

Sucd
syst
toe

Moni

con

4.4,
Life

e system element to pull in the relevant institutional knewledge and establish deta
onsibilities for each process instance.

buld be noted that outcome c) does not lead to thefidentification of new success criteria
bly independent of the specific artefact. Success criteria supplement the life cycle proceg
more detailed identification of quality responsibilities, where applicable.

success criteria may be augmented based on product decisions made in other proces
as requirements for supporting features, technology and strategy decisions, measurem
mitigation strategies and conformance constraints. Success criterion e) is derived b
blishment in the Transition process of three deployment scenarios: a manual operatig
e operators enter barcodes mahually based on the stickers, an initial operational pl
h operators are still gainihg familiarity with the system and a stabilized operatio
Fe they are fully familiar-with the proper use of the system.

ess criteria capture fnternal and external quality requirements that relate to the beha
bm and its elements{13]. They can also be used to capture quality-in-use requirements
mergent propetties of the interaction between the system and its environment, incly
toring quality-in-use success criteria requires validation activities and is part of moi
istency rélationship between the system requirements and stakeholder needs.

Identification of detailed activities and tasks

scanning accuracy requirements are established for each deployment scénario: mg

rant to the system element (in this case, a physical device such as a barcode scanner) ar
irements analysis outcomes relevant to a particular quality attribute (in this case, thg

hat it meets

nual entry,

constraints
d about the
t reliability
rablishment
racteristics
iled quality

because it is
s outcomes

5 instances,
ent choices,
hsed on the
ns scenario
hase during
ns scenario

viour of the
that relate
ding users.
hitoring the

. Using this

guidance, projects should identify the specific tasks needed to achieve the success criteria for each
particular process instance. For example, the Requirements Process instance for the Bar Code System

uses

the task guidance provided in the ISO/IEC/IEEE 15288, Requirements Process:

Define necessary implementation constraints that are introduced by stakeholder requirements or are
unavoidable solution limitations.

To identify the following specific task within the process instance:

Identify API support needed for verification of scanning correctness.

© ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=0c366a42d7d7366d66a872549667d7eb

ISO/IEC TS 30103:2015(E)

The detailed activities and tasks needed to achieve the success criteria for each process instance are

identified b

ased on the following:

— Activities and tasks in the life cycle process definition;

Institutional knowledge about practices relevant to the particular application domain and target

quality characteristics. Product decisions about technologies, methods, architectural and design
patterns etc. may have associated guidance relating to specific activities and tasks that need to be
performed, and best practices to achieve quality.

The competencies needed to perform the activities and tasks should also be identified based on

institution

1 lenarazlad

The detaile
practices a
the list of d

instance. The activities and tasks for each process instance are combined to generate thelist of tech

tasks for th

4.4.3 Prag

Figure 4 sh
criteria and

be noted th
detailed act

The creatio
situations v
of system ¢
early detec
schema for

Ao oQ
TISTTOVV IC O ST

1 activities and tasks bind the activities and tasks of the life cycle processes to the spd
nd technologies selected for the particular project. The completeness and corriectne
ptailed activities and tasks should be validated against the success criteria fothe prd

e overall project plan.

cess instance descriptions

pws the schema for the creation of process instance descriptions: establishing its sug
identifying the detailed activities and tasks needed to achieve the success criteria. It sh
ht these descriptions also undergo concurrent elaboration, i‘e. the success criteria and 1
ivities and tasks for each process instance may themselyes evolve throughout the proje

n of process instance descriptions involves conSiderable effort and is only performe
here the perceived quality risk is sufficient to.warrant this effort, possibly only for a sy
lements and process instances. It is a high-maturity practice that enables prevention|
Fion of quality gaps, by creating localities of quality responsibility and visibility intq
hchieving quality.

cific
5s of
cess
hical

cess
ould
st of

d in
bset
and
the

10
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ISO/IEC/IEEE 15288 Life cycle processes

Activities and tasks

Specific product

Information

€ C items & |
cquireme 2k es & ta artefacts =
=
c
= : =
% System Success Detailed activities Inform o e
; =
I element 1 criteria A I
H : a
jsJll requirements Aartefacts g
i = :
N <

System Informatiqn }
e Detailed . 1
element 2 ! e items &| WU
requirements - . . _artefacts

|

N\
(for each recursive process @\a%ce)

\\Q
Figure 4 — Creation of <Iﬁ})cess instance descriptions

\‘QQ

Prodess instance descriptions enable ingp\rocess quality checks within each process and across the
outputs of processes. A\

a) Merification activities are pe ﬁsgned to check that the set of tasks and activities identiffied for each
process instance are suffic\' to achieve the success criteria.

b) Nerification activities ag)performed to check that the outputs from each process instarjce meet the
success criteria. ’

c) Verification acﬁ)gl?ies are performed to ensure that the outputs from process inytances are
mutually co@stent and also consistent with applicable institutional knowledge.

d) Monit gaps in the network of consistency relationships among the outputs of process instances
provides visibility into product quality maturity for management purposes.

The cb%ﬁon of process instance descriptions could be included as an additional task within the Project
Planning Process of ISO/IEC/IEEE 15288. 7.1 shows this potential augmentation to the Project Planning
Process. Process Instance Descriptions constitute a new information item, as identified in 9.1.

Annex B shows an example of instantiation, including the identification of detailed activities and tasks.
Annex D shows a process view to address a particular functional requirement (accuracy) as an exemplar
of the complete end-to-end approach, covering multiple processes and system elements at different
levels of the hierarchy, as well as showing the application of institutional knowledge in identifying
instantiated outcomes and tasks.

4.5 Consistency with institutional knowledge

The correctness of product and process decisions can be improved through systematic deployment of
relevant institutional knowledge. Institutional knowledge often takes the form of a collection of life
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cycle practices associated with an integrity level, quality characteristic or technology. Instantiation
enables this knowledge to be systematically injected into projects.

Institutional knowledge includes

SEBOK

organiz

knowle|

It may be c4
relevant kn
are consistg

The concey
provides a
deployment
concerns, a
defined str
applicable }

Another ap
and applicd
applicable t
the various

4.6 Main

While confi
items, ensu
artefacts re

The set of ¢
on institut
requiremen
implementg

system
validat

system

system

standards,

(system engineering body of knowledge),

trusted sources, e.g. books, technical papers, product manuals,

authoritative bodies of knowledge such as SWEBOK (software engineering body of knowledge) and

ational knowledge, including assets and learnings from previous projects, and
dge of experts.

iptured in various documents and repositories that facilitate identification and'retriey
pwledge. Verification activities should include checking that process andgproduct decig
nt with relevant institutional knowledge.

t of Organization and Application Normative Frameworks in_.ISO/IEC 27034-1:20
1 example of how institutional knowledge can be structured-to facilitate systen
into projects. At the organizational level, knowledge is organized relative to a set of qu
hd the collection of process and product practices requiredto address each concern
ngency level are populated into the Organization Normative framework. Projects s

tion of a standardized profile[31]. Relevant sections from multiple applicable stand
p a particular class of projects may be extracted and synthesized into a profile agreed {
stakeholders.

tenance of content consistency

buration management standards such as IEEE P828IZ] provide for versioning of configurs
ring mutual consistency .of the product decisions contained within information items
quires verification activities.

bntent consistencysrelationships among information items and artefacts is identified b
onal knowledge\ For example, ISO/IEC/IEEE 15288:2008 identifies several traceah
ts among information items and artefacts (system requirements, architectural de
d system)dnraddition, there are also content consistency relationships between

on,dnd‘transition,

al of
ions

11(6]
hatic
plity
to a
plect

practices based on their quality concerns and associated stringency levels and populate
them into the Application Normative Framework.

broach to systematic deployment of applicable institutional knowledge is the developinent

ards
o by

ition
and

hsed
ility
sign,

elements’and the strategies and enabling systems used for their integration, verificaftion,

aldyanantce S d +1
A2 9

dac nhianc aoftha e sncc ot oncth ot daalos +han oo
A= S

o a 1 1
CTICTITCTICS OItor TC O C ST TP TIUTTS UT it prott oSS tact s oot OU vV CTO Pt eI, ottt

requirements, architectural design and the measurement strategy.

A candidate set of content consistency relationships among information items and artefacts is shown
in Annex F. The set of applicable consistency relationships for each information item can be identified
based on such knowledge and a subset of them chosen for verification and monitoring based on
perceived technical risk.

The Verification and Validation processes should monitor consistency relationships and identify gaps
that need to be closed, as part of verifying the quality of any information item or artefact. This includes
verifying consistency with applicable institutional knowledge, that success criteria are met, and mutual
consistency relationships. These criteria are added to verification enablers such as review checklists.
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Typically, verification activities are triggered whenever a process instance generates a new version of
information items or artefacts.

The desire to maintain perfect consistency among information items and artefacts should be balanced
against other concerns, including timeliness of delivery and the effort needed to make repeated changes.
Anew information item called the Consistency Tracker (an extension of traceability matrices) is proposed
to facilitate the tracking and management of consistency gaps. It identifies the source and target items
(information items or artefacts), expected consistency relationships and known gaps (if any).

Gaps in content consistency identified by verification and validation activities are entered into the
Consistency Tracker and tracked to closure. Consistency tracking may be merged with defect tracking.

The
tech
desi

The
of pi
the 1
and

Guid
use
Cont
relaft
eithg
of cq
cond

relat
relaf

5

51
This

NOT
Syste

NOT

NOT
conc

ENtries in the ConsiStency ITracker Inciude not onty defects but atso intentionat gaps
hical management decisions, e.g. incremental coverage of requirements, partial impl
b1, limited test coverage, etc.

Consistency Tracker provides management visibility to gaps in content consistency an
ogress towards quality. Quality is achieved when there is sufficient content'consistenc
nformation items from stakeholder needs to the operational system, as)indicated by
validation activities.

ance on the Consistency Tracker is provided in Clauses 9 and 10,"Ahnex C shows an ex3
pf the Consistency Tracker.

ent consistency is an extension of traceability. While«traceability identifies the in
ionships that drive a decision, with a view to makingisure that there are no “orph
br with no driving rationale in the needs or with ne’footprint in the implementation,
ntent consistency goes further and continually ionitors the informational relations
urrent elaboration. It also extends the scope of ttaceability, from traceability only amo
ed artefacts and information items, to also‘include mutual consistency with inform
ing to the processes, product and enabling;systems.

Required background concepts

System and Software Coneepts
Technical Specification/presupposes an understanding of system and software concept

K1 System concept$.are introduced in ISO/IEC/IEEE 15288:2008, 5.1. Additional discusg
ms and system structure, is provided in ISO/IEC TR 24748-1:2010, 3.1.
£ 2 ISO/IEC'ER 24748-2 provides more information on concepts related to system life cycle 11

E 3
Epts.

ISO/IEC 25000 SQuaRE series of International Standards provide more detail on prg

5.2

)

rising from
emention of

i the status
y across all
verification

mple of the

formational
decisions”
aintenance
hips during
ng product-
ation items

S.

ion, such as

hanagement.

duct quality

Life ryrlp concepts

This

NOTE

Technical Specification presupposes an understanding of life cycle concepts.

ISO/IEC TR 24748-1:2010, 3.2.

Life cycle concepts are introduced in ISO/IEC/IEEE 15288:2008, 5.2. Additional discussion is in

In accordance with ISO/IEC/IEEE 15288:2008, this Technical Specification assumes that life cycle
processes may be performed concurrently during the life cycle. The information items and artefacts
they produce may evolve continually throughout the life cycle. This is referred to as concurrent
elaboration of information items and artefacts. For example, design decisions result in identification of
the detailed tasks needed to further elaborate the design.

ISO/IEC TR 24748-1:2010, 3.4 and ISO/IEC/IEEE 29148:2011 describe iterative and recursive application of

life cycle processes to address progressive refinement and different levels of detail in a system hierarchical
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structure respectively. This Technical Specification treats each recursive application as a process instance
with associated success criteria and detailed tasks. Iterative application is not considered separately in
this Technical Specification because it is covered by the concept of concurrent elaboration.

5.3 Process concepts

This Technical Specification presupposes an understanding of process concepts.

NOTE Process concepts are discussed in ISO/IEC/IEEE 15288:2008, 5.3 and ISO/IEC TR 24748-1:2010, 3.3.

5.4 Orgapizationalconcepts
(=]

This Technifal Specification presupposes an understanding of organizational concepts.
NOTE Organizational concepts are discussed in ISO/IEC TR 24748-3:2011, 4.5.

This Technical Specification is particularly useful for organizations that take on projects in multiple
application|domains, where the set of relevant quality characteristics and the approaches to achieve
them vary widely across projects.

5.5 Information Item Concepts

This Technifal Specification presupposes an understanding of inforngfation item concepts.

—_—

NOTE §0/IEC 15289 provides more detail on information items and-specifies how life cycle data is managed
in informatign items.

5.6 Notign of technical management

In the scop¢ of this Technical Specification, technicalimanagement is responsible for decisions reldting
to quality achievement, including definition and tailoring of life cycle processes, and choice of the
methods, tgchnologies and tools for development. Project management is responsible for resoufces,
schedules, ptakeholders’ management, risk~mtanagement and achievement of stakeholder conderns
other than fechnical concerns, such as prefitability and market alignment.

Technical mjanagement responsibilities-include the identification and performance of the right activjities
needed to |develop the system, ensuring the correctness of each technical information item|and
artefact, and ensuring mutual eonsistency among information items and artefacts during concugrent
elaboration| This Technical Specification primarily addresses these aspects.

6 Context of application

6.1 Relationship to other standards

dhnce
reports,

documents on Systems Engineering. It depends on several ISO/IEC standards and technical
and is expected to be used in conjunction with others, as indicated in Table 1.

Table 1 — Related ISO Standards

Document Relationship

ISO/IEC/IEEE 15288:2008 | Defines the system engineering life cycle processes to which this approach applies.

ISO/IEC TR 24748-1:2010, |Provide guidance on the application of the life cycle processes, including introducing
ISO/IEC TR 24748-2:2011 |the concept of recursive and iterative instances.
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Table 1 (continued)

3:2015(E)

Document

Relationship

ISO/IEC 24748-4 (draft)

The System Engineering Management Plan defines the collection of pr

to manage the entire system engineering effort, including the approach to quality
achievement. The approach described in this Technical Specification is a potential

candidate for inclusion in the System Engineering Management Plan.

actices used

ISO/IEC/IEEE 12207:2008

The approach described here can potentially also be applied to the Software Engi-

neering life cycle processes.

Provides guidance on requirements engineering, and further elucidates the concept of

H g3 43 H 4 Tlhics £..1 C dods 1 4 ial i
ITTUUTI I IVO AdITU ILTTI AlIVU ITIISUAIILTS,. TITTS 15 UoSTIuliouIliuativliar riiatci iar v

understand

ISO/FEEHEEE

the approach and concepts in this Technical Specification.

ISO/IEC/IEEE 15289:2011

Identifies the information items produced by projects.

ISOAIEC/IEEE 15026:2010

Approach to assurance. The material in this Technical Specification

additional inputs to quality-related assurance activities, since'it provid¢s more visi-

bility into the scheme for quality achievement at the level'of each system
recursive process instance.

an serve as

element and

ISOAIEC 25000:2014

The SQuaRE series of standards (ISO/IEC 250xx) relate to product quality pecification,

measurement and evaluation. The approach described here presuppos

the SQuaRE series standards to capture product quality requirements, easure and

evaluate their achievement.

bs the use of

ISO/IEC 25010 defines the quality modelused for defining product qual

Ity require-

ISOAIEC 25010:2011,
ments, while ISO/IEC 25012 definesthe model for data quality. This apgroach is
ISOAIEC 25012:2008 intended to be used in conjunctien with these quality characteristic mofels.
ISOAIEC 25020:2007,
ISOAIEC 25021:2012, These documents provide.guidance on the measurement of quality chdracteristics,
ISOAIEC 25022:—, including data quality@nd quality-in-use. This guidance may be used to[design indi-
ISOMIEC 25023:—, cators of whether the Success criteria for a given process instance are being met.
ISOAIEC 25024:—
Guidance on the establishment and specification of product quality requirements.
ISOAIEC 25030:2007 This mustbe applied not only for the system as a whole, but hierarchically to establish
requirements for each system element and enabling system.
ISOAIEC 25040:2011, ISO/EC 25040 establishes the process for the evaluation of product qudlity. ISO/
;| IEC 25041 provides an evaluation guide for developers, acquirers and irfdependent
ISOAIEC 25041:2012 evaluators.
The Testing standard identifies the approach and suite of practices for]verification
ISOAIEC 29119 (dxaft) and validation activities. This guidance can be used to select the mechani$ms to verify
whether success criteria are being met and to check for consistency relgtionships.

ISO/|IEC/IEEE 42010:2011

The Architecture Description standard can be used to express how t
intended to satisfy quality requirements. The design requirements and g
constraints arising from the architectural design should be captured as

he design in
onformance
success cri-

i H £ H 4
CTIa 1TUL PIULTOo ITIotAlItT o,

ISO/IEC 15504:2004

The approach described here can facilitate organizational capability assessment,
since it systematizes the application of institutional knowledge to both process and
product decisions.

ISO/IEC 27034:2011

This information security standard introduces the concept of organization and
application normative frameworks that illustrate how institutional knowledge can
be organized for systematic deployment into projects.

ISO/IEC/IEEE 15939:2007

This standard defines the process that can be used for measurement of quality and
other project attributes.

NOTE

ISO/IEC 15504-5:2012 and ISO/IEC 15504-6:2013, which provide process definitions from

ISO/IEC 12207 and ISO/IEC 15288 respectively including a set of process performance indicators called base
practices for each process, can be helpful for the systematic generation of the mapping.
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6.2 Organizational context

The guidance in this Technical Specification is applicable to any organization engaging in systems
engineering activities. However, it is of particular value to project organizations where there are wide
variations across projects in scope of engineering responsibility, in the type of systems and applications
domains involved, in the scale and complexity of projects, in the quality characteristics of interest and
their relative importance, and consequently the knowledge, competencies and practices required to
achieve quality in each project. In product organizations where there is considerable similarity across
projects, the mapping from life cycle process guidance to specific practices and activities is relatively
stable, enabling the development of competencies and organizational capability to develop this mapping
with repeatable accuracy. In project organizations where there are vast differences across projects,

generating
life cycle py
much more
Technical S
such organi

6.3 Stakq

The priman
cycle proce
needed, est

activities afd tasks needed to achieve the success criteria.

Technical N
relationship

Customers
achieving q

6.4 Stagc

The guida

n
the life cchz. It also applies to incremental development, corrective maintenance and re-enginesg

efforts that

6.5 Proc

The guidan
instances f

the mapping from organizational life process guidance or even tailored domain-spg
ocesses to the particular practices, activities and tasks needed in the specific conte
challenging because of the extreme case-by-case variations. The guidance provided in

zations.

bholder context

y stakeholders for this Technical Specification are project teams.that need to perfor

hblishment of success criteria for each process instance, and working out the detailed g

[anagement professionals are provided guidance ¢n managing and tracking consist
s among information items and artefacts during €éoncurrent elaboration.

ind other stakeholders can obtain greater visibility into the detailed technical approac
hality.

r context
e provided in this Technical Specification applies primarily to the development sta
may be needed during the miaintenance stage.

PSS context

Ce in this Techpical Specification covers identification and description of recursive prg

the develop

Stakehglder Requirements Definition Process;

Requir¢mients Analysis Process;

r some or all.ofthe following technical processes in ISO/IEC/IEEE 15288:2008, relatd
ent stageofthe system life cycle:

ses. They are provided guidance on identifying the collection ofrécursive process instgL

cific
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pecification on how to generate this mapping systematically can be particularlywaluable for
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et of

ency

h for

re of
ring

cess
d to

Integra

16

Architectural Design Process;

Implementation Process;

tion Process;

Verification Process;
Transition Process;

Validation Process.
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It proposes the inclusion of one additional task in the Project Planning Process: creation of process
instance descriptions (see 7.1). It also proposes that the Project Assessment Control Process should
maintain an additional information item, the Consistency Tracker (see 7.2).

6.6 Information item context

This Technical Specification provides guidance on maintaining content consistency among the
various information items and artefacts produced by the life cycle processes. It introduces two new
information items:

— Process Instance Descriptions, to be produced by the Project Planning process (see 9.1);

— [onsistency Tracker, an extension of traceability matrices, to be maintained by”[the Project
Assessment and Control Process (see 9.2).

7 Potential process augmentations

7.1 | Project planning process

Credtion of process instance descriptions could be performed as paft of the Project Plann|ng process.
The Project Planning process as defined in ISO/IEC/IEEE 15288;2008 includes the following:

p

4) Establish a work breakdown structure based on the evolving system architecture.

NOT|E Each element of the system architecture, and appropfiate processes and activities are described with a
leve| of detail that is consistent with the identified risks,'‘Related tasks in the work breakdown structure are
groyped into project tasks according to organizational résponsibilities. Project tasks identify everly work item
beinlg developed or produced and its associated tasks.

A fifth task could be added to this activity:

5) Fpr each system element and enabling*system, identify the collection of process instances needed
to produce it, and create detailed process instance descriptions if the perceived quality [risk is high
enough to justify the creation of su¢h’ descriptions.

7.2 | Project assessmentand control process

The Project Assessment.and Control Process in ISO/IEC/IEEE 15288:2008 includes the following task:

|2) Perform quality.assdrance in accordance with project plans.

This|task couldbe modified to the following:

2) Pprform~quality assurance in accordance with project plans. Monitor gaps in content fonsistency
amophg.information items and artefacts using the Consistency Tracker.”

8 Guidelines for process augmentations

8.1 Project planning process
Creating process instance descriptions for an artefact involves the following:

— Identifying the set of applicable life process instances for the artefact. This depends on the
realization strategy for the artefact (e.g. acquisition, design and build, reuse and/or adaptation of
existing assets, modification of existing artefacts, integration from other artefacts). These decisions
typically result from the performance of either the Project Planning process (for the artefact or its
parent) or the Architectural Design process;
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— Establishing the success criteria for each applicable life cycle process based on the requirements of
the target artefact, defined outcomes for the life cycle process and relevant product decisions made
in other processes;

— Identifyingthe detailed tasks needed to achieve the success criteriabased on institutional knowledge
relevant to the technologies and practices selected;

— Identifying the domain, technical and technological competencies required to perform the tasks.

Identification of the success criteria for each process instance, the detailed tasks needed to meet them
and verifying that success criteria are met is a high maturity practice that establishes localities of

quality respensibiityandreduecesguatityrisk:

Annex B sh
process vie
from the pr

8.2 Projc

One aspect

among the information items produced. This includes the following:

— Identify
iteman

— Determ
Verificd

— Record

Tracket.

implem

— Captur
closed;

bws an example of creating a process instance description. Annex D shows an examplg
v for meeting a particular system requirement, constructed by extracting relevait en
bcess instance descriptions.

tct assessment and control process

pf project assessment and control is that of verifying, tracking and maintaining consist

ring the set of mutual content consistency relationships to belmonitored, for each inform4
d artefact. The selected set of consistency relationships is captured in the Consistency Tra

tion Strategy;

ng technical management decisions that affecticonsistency maintenance in the Consist
This includes decisions on incremental coverage of requirements, incremsg
entation of design, test coverage decisions;’deferred defect fixes etc.;

ng the results of verification activities in the Consistency Tracker as defects or gaps {

ining the mechanisms needed to verify the consistency relationships. This is part of

of a
tries

ency
ition
tker;

the

ency
bntal

o be

— Providing visibility to management on the progress towards quality, in terms of the statys of

consist
gaps th

9 Poten

9.1 Proc

Process Inj
Instance D

ency relationships between information items: gaps resulting from management decis
bt need to be closed imrediately, and deferred gaps.

tial information item augmentations

bss Instafice Descriptions

tancesDPescriptions could be produced by the Project Planning process. Each Prg
scription could include the following content:

ons,

cess

— alisto

success criteria;

— detailed activities and tasks to achieve the success criteria;

— competencies needed for performing the tasks.

9.2 Consistency tracker

This information item could be produced by the Project Assessment and Control Process. Each entry
could include the following:

— the information item or artefact, or the specific subpart thereof, to which the entry relates;
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— the target information item or artefacts with which consistency is expected, if applicable. This field
is empty for defects and gaps that are internal to a single item;

— the type of consistency relationship expected between the two items;

— description of the gap/defect.

— status:

— TBD: The consistency relationship is yet to be established;

— OK: No gaps;

10

10.1

Prod
with
iden

10.3

The

amo
man
infol
with

The

— Pending: Re-evaluation of the consistency relationship is pending, following an ‘uj
current or target information item;

— Intentional: Gap resulting from an explicit management decision;
— Deferred: Known gaps, not to be closed immediately;

— To be closed.

Guidelines for information item augmentations

| Process instance descriptions

ess Instance Descriptions need to be created only‘for those system elements and proce
significant quality risks. The set of success critefia can also be limited to only those asj
fified risks warrant the effort to continually monitor those success criteria.

Consistency tracker

Consistency Tracker is related to‘traceability matrices. Its scope extends beyond

pagement decisions relating to mutual consistency, and verification activities which chg
mation items and artefactsimeet identified success criteria, are mutually consistent, an
applicable institutional knowledge.

information contained in the Tracker can be periodically processed and provided as rej

statlis of progress towards quality. Achievement of an acceptable level of quality requires tH

allg
syst

hps in the netwerk of consistency relationships from stakeholder requirements to the
bm, exceptthose resulting from technical management decisions and choices.

date to the

bS instances
bects where

traceability

hg product artefacts to enabling systems and process artefacts. It is populated based ¢n technical

ck whether
1 consistent

borts on the
e closure of
operational
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Annex A
(informative)

Example: Establishing System Element Requirements

This is an example to illustrate the concepts in this Technical Specification of a project to enhance the
inventory system for managing blood bags in a hospital. The current system places handwritten stickers

on each blo

serves as an index into a database. Currently acquisition and issue of blood bags involves manual g

of informat
that includg
their integr
acquisition,
some minof

This Annex
requiremen
project, and

Annex B shd
specifically
success critj

Annex C sh¢ws the usage of the Consistency Tracker.

Annex D sh
emphasis h
including b
processes (4

in identifying tasks and outcomes is also highlighted.

Figure A.1
inventory 1

represent c

bd bag that includes an ID number, as well as some provenance information. The ID nuy

on into the database. The goal of the project is to replace the handwritten stickefs with
a scannable barcode. The scope of the project includes the acquisition of seatmner dev
ation into the software system, definition of revised operational procedures for issue
and providing training services to the staff to use the new system. Italso includes fi
problems reported with the existing solution.

shows an example of how quality requirements are established (by drilldown from sy

the table showing the decomposed quality requirements.

ws how these quality requirements are used in the creatioh of process instance descript

eria and the identification of detailed tasks and competencies.

bws a process view that depicts the appraach to addressing the accuracy requirement
ere is on showing the end-to-end approach to product-specific instantiation of proce
bth multiple processes and multiple.process instances. This shows relationships bety
.g.architecture is responsible for verification interfaces). The use of institutional knowl

Ehows the system decomposition for the project (an incremental release of the blood

hpabilities to be delivered.

nber
ntry
pnes
ices,

and
xing

ttem

ts. The salient points are the system decomposition for this incremental developiment

ons,

the Requirements Analysis process for the system level. This includes the identificati¢n of

The
5ses,
veen
bdge

bag

hanagement system that;adds the handheld scanner and related functionality). Thiis is
created froi the development viewpoint, i.e. it decomposes the product into system elements that

each
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Blood Bag Inventory System
Release 2.4

Handh
scann

Scann

Bar co
sticke

Interface

Application
updates

Data entry
update

Reconciliation
update
Ul update

Documentation

eld
er

er

de
rs

update

S
\
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Figure A.1 — Example produéﬁreakdown structure

Operator

procedures
and training

Usage
procedures

Training
materials

Training

O

N\
Requiirements should be established for each \em element, drilled down from the overall system

reqyirements. Table A.1 shows an example of this drilldown for some requirements.

N
Table A.1 — mple requirements drilldown
AN\
System Element Requi{g;:ants (partial) Basis for determinatijon

Blodd Bag Inven-
tory|System Release
24

— Accurac Barcode entry: 99,9 %.
Average ti aken for receipt or issue of
bag: 30 s:

venient to right & left-handed oper-
S.

Business case for transitioning tp new sys-
tem, operational goals, user chaffacteristics.

N

&
O
od&@m

N

Barg

La
.\l Scanning availability = 95 % (barcode
not scannable 5 % of time).

Scanning reliability: 99,9 % (errors in
scanning).

Scanning time = 10 s.

Accuracy goal is allocated among scanning

function availability (95 %), scafner relia-
bility (99,9 %), manual data entrfy (appli-
cation, 90 %), and error detection through

Convenient to right & left-handed oper-
ators.

Application updates

Data entry reliability = 90 %.

Data entry time =90 s.

Operator proce-
dures and training

Manual cross-checking reliability =
80 %.

Cross-checking time = 15 s.

Ergonomics design and training for
right & left-handed operators.

TTOSS-CHEeCKINg procedures (User training,
80 %). This allocation has a combined error
rate of (1-0,95)x(1-0,9) x (1-0,8) + 0,95 x
(1-0,999) x (1-0 8) x (1-0,9) = 0,001 02 i.e.
99,9 % accuracy [i.e. undetected scanning
error + undetected manual entry error].
Allocation of time: 10 s + 15s + 5 % x

90 s = 29,5 s. User characteristics require-
ments assigned to all applicable system
elements.

© ISO/IEC 2015 - All rights reserved

21


https://iecnorm.com/api/?name=0c366a42d7d7366d66a872549667d7eb

ISO/IEC TS 30103:2015(E)

There are three system requirements shown in the Table A.1:

— Accuracy: Barcodes for blood bags added or removed from the inventory shall be entered into the

system with at least 99,9 % accuracy (subject to operators following procedures);

Usability: The system shall provide support for both left- and right-handed operators.

The usage model is as follows. When a blood bag is received or issued, first the operator attempts to

Latency: The average time to receive or issue a blood bag using the system shall be less than 30 s;

scan

the barcode using the handheld scanner. If this fails, they enter the barcode manually. In either case, the

operator is expected to cross-check whether the barcode was entered accurately into the system

The scanning function is considered to be unavailable if the scanner is unable to scan the barcode ol
reason. Thg scanning is unreliable if the barcode is scanned, but the result is incorrect forcany re
(including poor positioning of the bag by the operator). Data entry reliability covers_ the possit
of operator|errors in data entry. The operators may also fail to detect errors when they cross-c
whether th¢ barcodes were read correctly.

Two usage $cenarios are identified. In scenario A, the barcode is scanned automatically, with the

checking thle results. It produces an error if the scanning is unreliable and the operator fails to d¢
the error. The probability of this is (1 % to 99,9 %) x (1 % to 80 %) = 0,000.Z/based on the chosen de
requirements. In scenario B, the barcode cannot be scanned automatically, the data entry is errong
and the opgrator fails to detect the error. The probability of this is (1 %t0 95 %) x (1 % to 90 %) x

to 80 %) = (0,001 02. This corresponds to an accuracy of 99,9 %.

It is the responsibility of the design to decompose the accuraey. target into target percentages for

four paramgters (scanning function availability, scanner reljability, data entry reliability and cheg
reliability).| The design choices are limited by feasibility of achievement. Institutional knowl
and benchmarking are used to decompose the accutacy requirements into these various de

requiremen

Similarly, th
A is scanni
(failure) + d
5 % of the
target para

in effort andl cost associated with tkying to achieve tighter goals for various parameters.

The ergond

on applicability. The example illustrates that product requirements may be allocated as d¢g

requiremen
among mult

ts.

e latency requirement has also been-decomposed by the design. The time taken for scer
g time + cross-checking time = 10+ 15 = 25 s. The time for scenario B is scanning
ata entry time + cross-checking time = 10 + 90 + 15 = 115 s. Since scenario B occurs
time, the average latency is(0,95 x 25 + 0,05 x 115 = 29,5 s. Again, the design sets t
meters based on institutional knowledge about feasibility of achievement and the trad

mics requirementSistassigned to both the Barcode system and to user training b

ts to one or more system elements based on applicability, or decomposed and distrib,
iple system elements.

Fany
Hson
ility
heck

user
ptect
sign
ous,
(1%

the
king
bdge
sign

ario
time
only
hese
poffs

hsed
sign
uted
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Annex B
(informative)

Example: Creation of Process Instance Descriptions

This Annex shows a sample of creating process instance descriptions. In this case, it is the instantiated
Requirements Analysis process for the Barcode system. It is derived from the System Requirements

Sped
Reqtiirements Definition.

First

ification for the overall Blood Bag Inventory System Release 2.4, and based on thge

, the set of process instances need to be identified for each system element, as shown in T4

Stakeholder

ible B.1. The

set df instances varies based on the element type and the realization approach for each systei element.

Table B.1 — Example collection of process instances

Blood Bag Inventory Barcode System Application Updates Operator Prjocedures

Yystem Release 2.4 and Trafining
StaKeholder Requirements |Stakeholder Requirements |Stakeholder.Requirements |Stakeholder Rgquirements
Reqirements Analysis Requirements Analysis Requirements Analysis Requirements Analysis
Arcljitectural Design Acquisition Architectural Design
Implementation Implementation Implementatiop
Integration Integration Integration Integration
Verification Verification Verification Verification
Trarsition Transition
Valiglation

© ISO/IEC 2015 - All rights reserved
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Process instance: Requirements Analysis for Blood Bag Inventory System Release 2.4.

Process outcomes, activities and tasks (from ISO/IEC/IEEE 15288:2008):

Outcomes:

As aresult of the successful implementation of the Requirements Analysis Process:

solution are specified.

Activities and tasks:

unavoidable solution limitations.

tem, that relate to critical qualities, such as health, safety, security, reliabijlity, availability and supportability.

ments or sefls of requirements possess overall integrity.

requirements adequately reflect the stakeholder requirements to address the needs and expectations.

rationale, dgcisions and assumptions.

a) The required characteristics, attributes, and functional and performance requirements for a product

b) Constraints that will affect the architectural design of a system and the means to realize it are specified.

C) The intearity and tracaahility of cuctam roaauiramantc ta ctalboholdar raaniramantce ic achiavuad
tegHeyahasacedn SySteregqtirements—+ Lo+ t

TIIey —OT o o>ty o emre e oty o

d) A basjis for verifying that the system requirements are satisfied is defined.

a) Definle System Requirements. This activity consists of the following tasks:

1) Defline the functional boundary of the system in terms of the behaviour and propestiées to be provigled.

2) Deffine each function that the system is required to perform.

3) Deffine necessary implementation constraints that are introduced by stakeholder requirements or fare

4) Deffine technical and quality in use measures that enable the assessnient of technical achievement.

5) Spdcify system requirements and functions, as justified by risk identification or criticality of the sys-

b) Analyze and Maintain System Requirements. This activity:Consists of the following tasks:

1) Anglyze the integrity of the system requirements to ensure that each requirement, pairs of requirg

2) Feed back the analyzed requirements to applicable stakeholders to ensure that the specified system

3) Dethonstrate traceability between the systém requirements and the stakeholder requirements.

4) Majntain throughout the system life cycle the set of system requirements together with the associgted

The succesq criteria for the processsnstance are derived from the outcomes above, the Bar Code System
requirements, and domain knowledge relating to scannable information (e.g. barcodes, magnetic stirips,

RFID etc.) ajnd characteristics efhandheld devices.
Instantiatipn

Success critleria:

24

A system integrity level is established for the system, using ISO/IEC/IEEE 15026-3;

The target“accuracy of barcode entry is defined, including target availability of the scanning
function (ability to scan the barcode on the sticker) and target scanning reliability (code scanned
incorrectly);

Fault modes are identified for scanning of barcode labels, including possible operator errors,
malfunctions, defects in the item being scanned and errors in the software system state;

Productivity goals are defined for the barcode system in terms of average time for scanning a barcode;

Capital and operating costs for the barcode system are identified, including one-time equipment
acquisition and deployment costs, associated infrastructure and consumables;

Confirmation of the original business case is created in terms of the comparison of systems costs
with the ROI from productivity and reliability improvements;

User characteristics are identified for Barcode system operators. Usability goals are defined;
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— The changes needed in the data entry software to accommodate integration with the barcode
system are identified;

— APIs are defined to support the verification of the scanned/manually entered data against the
contents of the barcode.

Below are the detailed tasks needed to achieve the success criteria, also derived based on
institutional knowledge.

NOTE Activities and tasks from 15288 are included to illustrate that the detailed tasks are derived from them.

a) efine System Requirements

1) Define the functional boundary of the system in terms of the behaviour and proplerties to be
provided.

— Identify the interfaces to the existing data entry system and any,changes needed to the
existing data entry software to accommodate integration with thie\Barcode syqtem.

— Identify the changes to the existing data entry system usage processes.
— Identify the desired behaviour and properties of the Barcode system.
D) Define each function that the system is required to perform.

B) Define necessary implementation constraints that dre'introduced by stakeholder rgquirements
or are unavoidable solution limitations.

— Identify API support needed for verification of scanning correctness.
1) Define technical and quality in use measures that enable the assessment of technical afhievement.

— Define scanning reliability and$canning function availability measures.

— Define measure of scanning’productivity.

— Define measures of usability.

b) Specify system requirements and functions, as justified by risk identification o criticality
of the system, that_relate to critical qualities, such as health, safety, security] reliability,
availability and supportability.

— Definessystem integrity level (tasks identified from ISO/IEC/IEEE 15026-3):
—~“Perform risk analysis and evaluation.
— Assign system integrity level.

—= Specify scanning reliability, scanning function availability and average scanning time goals.

— Identify fault modes for scanning, including possible operator errors, malfunctions, defects
in the item being scanned and errors in the software system state.

— Specify usability goals.
— Identify user characteristics for Barcode system operators.
b) Analyse and Maintain System Requirements. This activity consists of the following tasks:

1) Analyse the integrity of the system requirements to ensure that each requirement, pairs of
requirements or sets of requirements possess overall integrity.

— Determine feasibility of integration with the data entry software and estimate effort needed.
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Analyse the handling of fault modes to determine preliminary feasibility of meeting the

reliability goals.

Preliminary analysis of Barcode system usage procedures to determine feasibility of

achieving the expected productivity goals.

2) Feed back the analysed requirements to applicable stakeholders to ensure that the specified
system requirements adequately reflect the stakeholder requirements to address the needs
and expectations.

3) Defnonstrate traceability between the system requirements and the stakeholder requirem

4) Ma
ass

Competenc
— Domaiy
— Knowle
— Requirg

— Typical
and usd

Feedback with operators, customer. Include ROI analysis feedback with customer.

ociated rationale, decisions and assumptions.
es needed to perform the tasks:
knowledge of handheld scanning.
dge of embedded device integration.
bments elicitation and analysis.

goals and measures for quality characteristics, includihg reliability, accuracy, product
bility.

Pnts.

intain throughout the system life cycle the set of system requirements togethér-with the

jvity
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(informative)

Example: Consistency Tracker

This Annex shows a few Consistency Tracker entries for the sample problem to illustrate the concept.

Clause numbers may be used to identify the information item and target information item. The
information contained here can be processed to derive a status for each information item|and shown
visuplly as a network of consistency gaps to be closed.
Table C.1 — Example Consistency Tracker
Inf¢ormation item | Target Information Expected Gap Description Status
or clause item/clause/decision | Relationship
Bardode system Inventory System Decomposition |none OK
reqyirements: reli- |requirements: accu-
ability requirement |racy requirement
Bargode system Inventory System Decomposition |Unclearif unavailability due to To be
reqyirements: requirements : accu- infrastructure problems (e.g. closed
availability racy requirement power) is included
requirement Feasibility of meeting requirement [Deferred
not yet checked against available
products in the market
Operator proce- Operator procedures |Coverage of Procedure for left-handed oper- Intentional
durgs and train- and training require- |requifements |ators has intentionally not been
ing grchitectural  |ments : ergonomics defined.
design requirement
Opefator proce- Operator procedures’ |Derived from Stakeholder feedback on operator |[Pending
durgs require- stakeholder reqtire- procedures not yet reflected in
menjts specification | ments requirements specification.
© ISO/IEC 2015 - All rights reserved 27


https://iecnorm.com/api/?name=0c366a42d7d7366d66a872549667d7eb

ISO/IEC TS 30103:2015(E)

Annex D
(informative)

Example: Process View for Specific Requirement

This Annexillustrates the use of process views to depict the collection of processes and tasks that address
a specific system requirement and how this correlates with institutional knowledge. The process view

extracts tagks from each process instance that relate to the particular product requirement.

This is a specialty engineering process view, as described in ISO/IEC/IEEE 15288:2008, Annex
shows the kuccess criteria and detailed tasks corresponding to each life cycle process-neede
implement fhe requirement below. These success criteria and detailed tasks are based-on outco
activities aid tasks defined in ISO/IEC/IEEE 15288:2008. Excerpts from ISO/IEC/IEEE 15288:200

cycle proce
(for each in
knowledge

These succq
ISO/IEC/IE]
shown.

Product R¢quirement: Expected accuracy of blood bag barcode$ entered into the system (subsequg

determined

bses relevant to the instantiation are shown in text boxes, with the suceess’criteria and t
stance of that life cycle process, where applicable) below it. The“associated instituti
s identified in italics.

ss criteria and detailed tasks supplement the outcomes, aetivities and tasks identifig
KE 15288:2008. Only success criteria and tasks relevant@ethe accuracy requiremen

to be 99,9 %).

D. It
d to

mes,

B life
asks
onal

d in
are

ently

Stakeholder;
a) Elicit

2) Elid

b) Defin

1) Def]

Requirements Definition process.

Stakeholder Requirements.

it stakeholder requirements from the idéntified stakeholders.
e Stakeholder Requirements.

ine the constraints on a system solution that are unavoidable consequences of existing agreemsg

manageme
2)D
anticipated
3) Ide

4) Spd
relate to crif

e‘Ine arepresentative set ofa¢tivity sequences to identify all required services that correspond ]

decisions and technical decisions.

bperational and support scenarios and environments.
ntify the interactionh between users and the system.

cify health, safety/security, environment and other stakeholder requirements and functions th
ical qualities:

bnts,

ht

Success crif]

Barcod

eria

b eritry accuracy and scanning function availability requirements are elicited.

— Infrastructural requirements relating to scanners have been conveyed to the customer.

Detailed tasks

scanner holders, sticker inventory management) and communicate them to the customer.

Institutional knowledge: Needs for infrastructure support.

Elicit operator requirements using the handheld devices operator requirements checklist.

Institutional knowledge: Requirements checklist for operators of handheld devices.

28

Identify infrastructural requirements associated with handheld scanners (e.g. provisions for
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Determine usage scenarios for the handheld scanner, including scenarios involving manual data entry.

Institutional knowledge: Typical usage scenarios for handheld scanning devices (input to task).

Elicit stakeholder requirements for barcode entry accuracy and availability o
scanning function.

f handheld

tem

menits or sets of requirements possess overall integrity.

Requirements Analysis Process.

a) Define System Requirements.

4) Define technical and quality in use measures that enable the assessment of technical achievement.

5) Specify system requirements and functions, as justified by risk identification or criticality
that relate to critical qualities, such as health, safety, security, reliability, availability and supp

b) Analyze and Maintain System Requirements.

1) Analyze the integrity of the system requirements to ensure that each requirenient, pairs o

of the sys-
brtability.

require-

Suca

Detd

less criteria

Che target accuracy of barcode entry, target availability of the scanning function (ability
barcode on the sticker) and target scanning reliability (code s¢anfied incorrectly) are d

Fault modes and their handling for handheld scanning are-identified.

Institutional knowledge: Importance of fault modes identification for the handheld device
iled tasks

Define barcode entry accuracy, scanning reliability and scanning function availability n
Institutional knowledge: Typical reliabili€y-and availability measures for handheld scanni
Specify barcode entry accuracy, scappting reliability and scanning function availability
Institutional knowledge: ISO/IEC) 25030 standard for specification of product quality requ

dentify fault modes for scanning, including possible operator errors, malfunctions, de
tem being scanned and\errors in the software system state.

Institutional knowledge: Typical procedures and fault modes for handheld scanning.

reliability goals.

Institutieral knowledge: Typical handling actions. Handheld scanner reliability and scann
nvailability benchmarks (including problems with unreadable barcodes).

r to scan the
pfined.

s domain.

heasures.
ng.

boals.
irements.

fects in the

Analyse the handling of fault modes to determine preliminary feasibility of meeting the

ing function

Arcl

syst

avai

ftecturatDesigm Process
a) Define the Architecture.

2) Partition the system functions identified in requirements analysis and allocate them to ele
em architecture. Generate derived requirements as needed for the allocations.

b) Analyze and Evaluate the Architecture.
1) Analyze the resulting architectural design to establish design criteria for each element.
2) Determine which system requirements are allocated to operators.

3) Determine whether hardware and software elements that satisfy the design and interface
lable off-the-shelf.

ments of

criteria are
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Success criteria - Release 2.4 overall

— The architectural design specified supports 99,9 % accuracy of blood bag barcodes entry.

— Verification interfaces are supported for determining the data obtained from the barcode scanner.

Detailed tasks — Release 2.4 overall

— Allocate the reliability and availability requirements, and the validation interface support
requirement among the system elements, including operator training.

Institutional knowledge: Benchmark scanner capabilities, barcode sticker quality, operator error

rates. A
Create
require
human
Institut

Success crit

The ard
reliabil

Detailed tas

Allocat
handhd

Instituf
functio

— Determ

Success crit

The spq
barcod

The sp
operatq

Detailed tas

Design

Success crit

pproach for decomposition of reliability and availability requirements.

a fault tree for barcode entry and analyse it to ensure feasibility of achieving\accu
ment, based on benchmarks of scanning availability and reliability, and-data a
error rates.

ional knowledge: Use of fault trees.

eria - Barcode system

ty of scanning (i.e. scanning rarely produces incorrect code(entries).

ks - Barcode system

ld scanner and barcode stickers.

1 availability.

eria - Application

cified architectural design ineludes an interface for determining the data obtained fron
P scanner.

bcified architectural design supports manual data entry and user interfaces to sup
rs in checking correctness of barcode entry.

ks — Application
interfacefor providing the data obtained from the barcode scanner.

eria(—- User Training

Usage preee

raocadurac ara dafinad that cyynmnart tho o011 Af 00 Q 0 oo
ot reoatrc-o ) od 5 5 70—>tor

hitectural design specified supports 95 % availability of the scanning function and 99

e the reliability and availability requirements among the system elements, including

ional knowledge: Relative contribution of barcode stickers and handheld scanner to scar

ine whether hardware elements thatsatisfy the reliability criteria are available off-the-s

[racy
bout

L9 %

the

ning

helf.

n the

port

npinag accracyy
i) J

crrrretrtrroreotr o1ttt oo 70—t orrriTit TrectTrore

Institutional knowledge: Impact of usage ergonomics and operator practices on scanning accuracy.

Detailed tasks - User Training

— Define operator procedures and guidelines for scanning and entry of barcodes.

Institutional knowledge: Typical procedures and guidelines for data entry using handheld scanners.
Special handling requirements associated with the blood bags domain, including any applicable
regulatory requirements.
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