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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

establish
technical

=C

ommittees collaborate in fields of mutual interest. Other international organizations, governmental

and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation

technolog
Internatio

The main
Standards
an Interna

Attention
rights. 1SC

ISO/IEC 2
Subcomm

ISO/IEC 2
and/or Te

ittee SC 7, Software and system engineering.

chnical Reports.

, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

al Standards are drafted in accordance with the rules given in the ISO/IEC Directives,Part 2.

task of the joint technical committee is to prepare International Standards.,Draft International
adopted by the joint technical committee are circulated to national bodies fér yoting. Publication [as
tional Standard requires approval by at least 75 % of the national bodies easting a vote.

s drawn to the possibility that some of the elements of this document'may be the subject of patent
and IEC shall not be held responsible for identifying any or all such_patent rights.

5000 was prepared by Joint Technical Committee ISOMEC JTC 1, Information technology,

5050 to ISO/IEC 25099 are reserved to be used for;SQuaRE extension International Standards
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Introduction

Computers are being used in an increasingly wide variety of application areas, and their intended and correct
operation is often critical for business success and/or human safety. Developing or selecting high quality
software products is therefore of prime |mportance Comprehenswe spe(:lflcatlon and evaluatlon of software
ppropriate
ality characterlstlcs wh|Ie taklng account of the intended use of the software product. It is impprtant that
ery relevant software product quality characteristic is specified and evaluated, whenever-posdible using
idated or widely accepted measures.

quality characteristics and associated measures can be useful not only for evaluating a softwafre product
also for defining quality requirements, the predecessor of SQuaRE, ISO/EC 9126:1991 |has been
replaced by two related multipart International Standards: ISO/IEC 9126 (Seoftware product gyality) and
ISP/IEC 14598 (Software product evaluation). The following points derived from practical use of hoth series

Both ISO/IEC 9126 and ISO/IEC 14598 have common normative, teferential and functional roots

ISO/IEC 9126 and ISO/IEC 14598 form a complementary set-of standards,
The independent life cycles of both series have created.inconsistencies between them.

e general goal of creating the SQuaRE set of Interpational Standards is to move to a logically prganized,
riched and unified series covering two main prqocesses: software quality requirements specifi¢ation and
tware quality evaluation, supported by a software quality measurement process. The purpgse of the
SQuaRE set of International Standards is to assist those developing and acquiring software products with the
cification and evaluation of quality requirements. It establishes criteria for the specification of software
product quality requirements, their measurement, and evaluation. It includes a two-part quality [model for
aligning customer definitions of quality(with attributes of the development process. In addition, the series
provides recommended measures of jsoftware product quality attributes that can be used by developers,

It has to be stressed that the-SQuaRE series of International Standards is dedicated to software product
ality only. SQuaRE ISO/IEC 25000n — Quality Management Division addresses software prodpict quality
requirements specification, measurement and evaluation, and is separate and distinct from the "Quality
anagement" of proeesses, which is defined in the ISO 9000 family of standards.

THe major benefits 'of the SQuaRE series over its predecessor standards include:

¢ | the coordination of guidance on software product quality measurement and evaluation,

¢ | cguidance for the specification of software product quality requirements, and

e harmonization with ISO/IEC 15939 in the form of Software product Quality Measurement Reference
Model presented in ISO/IEC 25020 - Software engineering - Software product Quality Requirements and
Evaluation (SQuaRE) Measurement reference model and guide.

The major differences between ISO/IEC 9126, ISO/IEC 14598 and SQuaRE series of International Standards
are:

o the introduction of the new general reference model,

o the introduction of dedicated, detailed guides for each division,

© ISO/IEC 2005 — All rights reserved \
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e thein

e thein

troduction of Quality Measure elements within Quality Measurement Division,

troduction of the Quality Requirements Division,

e incorporation and revision of the evaluation processes,

e thein

troduction of guidance of practical use in form of examples,

e coordination and harmonization of the content with ISO/IEC 15939.

SQuaRE

e ISO/

e ISO/

e IS0/

e IS0/

e ISO/

ISO/IEC 2
and/or Te

SQuaRE

e Term

e Refer

e Gene

e Indivi

. Intern
evalu

SQuaRE
and evalu

tonsists of the following five divisions:

EC 2500n - Quality Management Division,

EC 2501n - Quality Model Division,

EC 2502n - Quality Measurement Division,

EC 2503n - Quality Requirements Division, and

EC 2504n - Quality Evaluation Division,

chnical Reports.
provides:

5 and definitions,

ence models,

ral guide,

Hual division guides, and

ational Standards for requirements specification, planning and management, measurement a
ation purposes.

ncludes International-Standards on quality model and measures, as well as on quality requireme
htion.

SQuaRE teplaces the-cirrent ISO/IEC 9126 series and the 14598 series.

This part
set of refe

pf SQuaRE series of standards is a new International Standard with the goal of providing a comm

and techn

5050 to ISO/IEC 25099 are reserved to be used for SQuaRE<extension International Standarnds

s

on

rence(models, terminology, definitions and guidance for practical use of the associated standards

calreports.
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IN

TERNATIONAL STANDARD ISO/IEC 25000:2005(E)

S

oftware engineering — Software product Quality

Requirements and Evaluation (SQuaRE) — Guide to SQuaRE

1

TH
N3
pr
re

standards, according to their purpose of use. This document contains an explanation of the transitig

be
us

S(
eV

Scope

is International Standards provides guidance for the use of the new series of International

med Software product Quality Requirements and Evaluation (SQuaRE). The purpose of this G
bvide a general overview of SQuaRE contents, common reference models anddéfinitions, as v
ationship among the documents, allowing users of the Guide a good understanding of those

tween the old ISO/IEC 9126 and the 14598 series and SQuaRE and alse\presents information
e the ISO/IEC 9126 and 14598 series in their previous form.

DuaRE series of standards is intended for, but not limited to, developers, acquirers and in

Standards
uide is to
ell as the
series of
n process
on how to

lependent

aluators of software products, particularly those responsible for defining software quality requirements and

for software product evaluation. It is recommended that users/of\the SQuaRE as well as ISO/IEC 14598 and
91|26 series of standards also use this International Standard as'a guide to execute their tasks.

2| Conformance

THere is no particular conformance clause for this document. Users, for their intended use of SQU4RE series
of |Standards should follow individual conformance clauses stated in each document of the series.

3| Normative references

THis International Standard (does not require any normative references. All informative refer¢gnces are
presented in the Bibliography.

4| Terms and-definitions

FQgr the purposes of this document, the following definitions apply.

NQTE The definitions are common to all parts of SQuaRE series of standards.

4,

acquirer

individual or organisation that acquires or procures a system, software product or software service from a
supplier

NOTE Based on the definition in ISO/IEC 12207:1995.

4.2
analysis model
algorithm or calculation combining one or more base and/or derived measures with associated decision

Cri

©l

teria
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4.3

attribute

inherent property or characteristic of an entity that can be distinguished quantitatively or qualitatively by
human or automated means

NOTE 1  Based on ISO/IEC 15939:2002.

NOTE 2 ISO 9000 distinguishes two types of attributes: a permanent 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 product). The
assigned characteristic is not an inherent quality characteristic of that product, process or system.

4.4
attribute for quality measure
attribute that relates to software product itself, to the use of the software product or to its development process

NOTE Attributes for quality measure are used in order to obtain quality measure elements.
4.5
base megsure

measure dlefined in terms of an attribute and the method for quantifying it

NOTE A base measure is functionally independent of other measures.

[ISO/IEC 15939:2002, based on the definition in International Vocabuldry of Basic and General Terms
Metrology} 1993].

n

4.6
commercjal-off-the-shelf software product
software product defined by a market-driven need, commer¢ially available, and whose fitness for use Has
been dempnstrated by a broad spectrum of commercial users

4.7

context of use

users, tagks, equipment (hardware, software, and materials), and the physical and social environments
which a pfoduct is used

n

[1ISO 9241-11:1998]

4.8
custom spftware
software groduct developed forza specific application from a user requirements specification

4.9
data
collection [of values‘assigned to base measures, derived measures and/or indicators

[ISO/IEC 15939:2002]

4.10

decision criteria

thresholds, targets, or patterns used to determine the need for action or further investigation, or to describe
the level of confidence in a given result

[ISO/IEC 15939:2002]

2 © ISO/IEC 2005 — All rights reserved
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easure

measure that is defined as a function of two or more values of base measures

[ISO/IEC 15939:2002, based on the definition in International Vocabulary of Basic and General Terms in
Metrology, 1993].

NOTE A transformation of a base measure using a mathematical function can also be considered as a derived
measure.

412

dgveloper

inglividual or organisation that performs development activities (including requirements analysis, design,

testing through acceptance) during the software life cycle process

NQTE

4.13

414
end user

individual person who ultimately benefits from the outcomes of the.system

NQTE
puplic.

4.15
entity
object that
EXAMPLE
[ISO/IEC 1

4.16

evialuation method

procedure
measurem

4.17

evialuation module

diyision of standards
diyision forms a family of standards serving complementary purposes

Based on the definition in ISO/IEC 12207:1995.

The end user may be a regular operator of the software product or a casual user such as a member of the

is to be characterised by measuring itséattributes
An object can be a process, product, project, or resource.

5939:2002]

describing actions’ to be performed by the evaluator in order to obtain results for thg specified
ent applied to(the specified product components or on the product as a whole

package of évaluation technology for measuring software quality characteristics, subcharacteristics or

atfributes

NQTE
colleeted an

The package includes evaluation methods and techniques, inputs to be evaluated, data to be mepsured and
d supporting procedures and tools.

4.18
evaluator

individual or organisation that performs an evaluation

419

external software quality
capability of a software product to enable the behaviour of a system to satisfy stated and implied needs when

the system

NOTE

is used under specified conditions

Attributes of the behaviour can be verified and/or validated by executing the software product during testing

and operation.

© ISO/IEC 2005 — All rights reserved 3
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EXAMPLE The number of failures found during testing is an external software quality measure related to the number
of faults present in the program. The two measures are not necessarily identical since testing may not find all faults, and a
fault may give rise to apparently different failures in different circumstances.

4.20

failure

termination of the ability of a product to perform a required function or its inability to perform within previously
specified limits

NOTE Based on the definition in IEEE 610.12-1990.

4.21
fault
incorrect gtep, process or data definition in a computer program

[[EEE 610.12-1990]

4.22
functional requirement
requirement that specifies a function that a system or system component must be ablg to perform

[IEEE 610.12-1990]

NOTE The software quality characteristic “functionality” can be used to specify or evaluate the suitability, accuragy,
interoperal]ility, security and compliance of a function (see ISO/IEC 9126-1 [ISO/NEC 25010]).

4.23
implied npeds
needs thaf may not have been stated but are actual needs

NOTE Some implied needs only become evident when thésoftware product is used in particular conditions.

EXAMPLE Implied needs include: needs not stated«but implied by other stated needs and needs not stated becayse
they are considered to be evident or obvious.

4.24
indicator
measure that provides an estimate or-evaluation of specified attributes derived from a model with respect
defined information needs

—

(0]

[ISO/IEC 15939:2002]
NOTE In ISO/IEC 14598 this definition was: "a measure that can be used to estimate or predict another measure".

4.25
informatipn need
insight negessany to manage objectives, goals, risks, and problems

[ISO/IEC 1593972002}

4.26

information product

one or more indicators and their associated interpretations that address information need

EXAMPLE A comparison of a measured defect rate to planned defect rate along with an assessment of whether or
not the difference indicates a problem.

[ISO/IEC 15939:2002]

4 © ISO/IEC 2005 — All rights reserved
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4.27

information system needs

needs that can be specified as quality requirements by external measures and sometimes by internal
measures

4.28
intermediate software product

product of the software development process that is used as input to another stage of the software
development process

when the

hrough are

measure (vVenb)
make a measurement

[ISOAEC 14598-1:1999]

4.34
measurement
set of operations having the object of determining a value of a measure

[ISO/IEC 15939:2002, based on the definition in International Vocabulary of Basic and General Terms in
Metrology, 1993]

NOTE Measurement can include assigning a qualitative category such as the language of a source program (ADA, C,
COBOL, etc.).

© ISO/IEC 2005 — All rights reserved 5
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4.35

measurement function

algorithm

or calculation performed to combine two or more base measures

[ISO/IEC 15939:2002]

4.36

measurement method
logical sequence of operations, described generically, used in quantifying an attribute with respect to a
specified scale

[ISO/IEC
Metrology

4.37

5939:2002, based on the definition in International Vocabulary of Basic and General Terms
1993].

measurement procedure
set of operations, described specifically, used in the performance of a particular measurement according tq

given met

[ISO/IEC
Metrology

4.38

hod

5939:2002, based on the definition in International Vocabulary of Basic'and General Terms
1993]

measurement process
process far establishing, planning, performing and evaluating softwaré méasurement within an overall proj
or organisgtional measurement structure

[ISO/IEC

4.39
observati

5939:2002]

on

instance df applying a measurement procedure to produce a value for a base measure

[ISO/IEC

4.40
operator
individual

NOTE

4.41
process
system of

5939:2002]

or organisation that operates-the system

Based on the definitionin1SO/IEC 12207:1995.

activities which use resources to transform inputs into outputs

[1SO 90002000]

4.42
quality in

n

n

bct

use (measure)

the extent to which a product used by specific users meets their needs to achieve specific goals with
effectiveness, productivity, safety and satisfaction in specific contexts of use

4.43
quality m

easure elements

measure, which is either a base measure or a derived measure, that is used for constructing software quality

measures

NOTE

The software quality characteristic or subcharacteristic of the entity is derived afterwards by calculating a
software quality measure.

© ISO/IEC 2005 — All rights reserved
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4.44

quality model

defined set of characteristics, and of relationships between them, which provides a framework for
quality requirements and evaluating quality

4.45
rating

specifying

action of mapping the measured value to the appropriate rating level. Used to determine the rating level

associated with the software product for a specific quality characteristic

4.46

rating level
scple point on an ordinal scale, which is used to categorise a measurement scale

NQTE 1 The rating level enables software product to be classified (rated) in accordance with.the stated
negds.

or implied

NQTE 2  Appropriate rating levels may be associated with the different views of qaality i.e. Users', Managers' or

Dgvelopers'.

orflered set of values, continuous or discrete, or-a’set of categories to which the attribute is mapped

[IO/IEC 15939:2002, based on the definition in International Vocabulary of Basic and General
Megtrology, 1993]

EXAMPLE Types of scales are: a nominal scale which corresponds to a set of categories; an ordinal s
cofresponds to an ordered set of scale ‘points; an interval scale which corresponds to an ordered scale with
scglle points; and a ratio scale which.not only has equidistant scale point but also possesses an absolute zero.
us|ng nominal or ordinal scales“produce qualitative data, and measures using interval and ratio scalg
qupntitative data.

sdftware product
set of computer\programs, procedures, and possibly associated documentation and data

[ISO/IEC12207:1995]

NQTE. 1 Products include intermediate products, and products intended for users such as developers and m

hisation, as
pre general,

Terms in

cale which
equidistant

Measures
bs produce

@intainers.

NOTE 2  In SQuaRE standards software quality has the same meaning as software product quality.

4.50
software product evaluation

technical operation that consists of producing an assessment of one or more characteristics of a software

product according to a specified procedure

4.51
software quality

capability of software product to satisfy stated and implied needs when used under specified conditions

© ISO/IEC 2005 — All rights reserved
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NOTE This definitions differs from the ISO 9000:2000 quality definition mainly because the software quality definition
refers to the satisfaction of stated and implied needs, while the ISO 9000 quality definition refers to the satisfaction of
requirements.

4.52
software quality characteristic
category of software quality attributes that bears on software quality

NOTE Software quality characteristics may be refined into multiple levels of subcharacteristics and finally into
software quality attributes.

4.53
software puality evaluation
systemati¢ examination of the extent to which a software product is capable of satisfying stated and implied
needs

4.54
software puality in use
capability [of the software product to enable specific users to achieve specific goeals“with effectiveness,
productivily, safety and satisfaction in specific contexts of use

NOTE Before the product is released, quality in use can be specified and measured’ in a test environment for fhe
intended upers, goals and contexts of use. Once in use, it can be measured for actual users, goals and contexts| of
use. The agtual needs of users may not be the same as those anticipated in requirements, so actual quality in use may|be
different frgm quality in use measured earlier in a test environment.

4.55
software guality measure
measure ¢f internal software quality, external software quality-orsoftware quality in use

NOTE Internal software quality, external software quality;and software quality in use are described in the quaity
model in ISO/IEC 9126-1 [ISO/IEC 25010].

4.56
stakeholder
a party hgving a right, share or claim in a system or in its possession of characteristics that meet that party’s
needs and expectations

[ISO/IEC 15288:2002]

NOTE Stakeholders include; but are not limited to, end users, end user organisations, supporters, developgrs,
producers, [trainers, maintainers, disposers, acquirers, supplier organisations and regulatory bodies

4.57

supplier
individual Jor organisation that enters into a contract with the acquirer for the supply of a system, softwgre
product or software service under the terms of the contract

[ISO/IEC 12207:1995]

4.58

system

a combination of interacting elements organised to achieve one or more stated purposes
NOTE 1 A system may be considered as a product or as the services it provides.

NOTE 2  In practice, the interpretation of its meaning is frequently clarified by the use of an associative noun, e.g.
aircraft system. Alternatively the word system may be substituted simply by a context dependent synonym, e.g. aircraft,

though this may then obscure a system principles perspective.

[ISO/IEC 15288:2002]

8 © ISO/IEC 2005 — All rights reserved
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4.59
target of process
software product or task executed by software product to which measurement or evaluation process is applied

4.60

unit of measurement

particular quantity defined and adopted by convention, with which other quantities of the same kind are
compared in order to express their magnitude relative to that quantity

[ISO/IEC 15939:2002, based on the definition in International Vocabulary of Basic and General Terms in

Mett u:uyy, 4 333]

4.61
uger
individual or organisation that uses the system to perform a specific function

NQTE Users may include operators, recipients of the results of the software, or developéers or maintainers of software.

—
0

O/IEC 15939:2002]

4.62

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

NQTE 1 "Validated" is used to designate the corresponding status.

[1S0 9000:2000]

NQTE 2 In design and development, validation concérns the process of examining a product to determing conformity
with user needs.

NQTE 3  Validation is normally performed on the final product under defined operating conditions. It may bg necessary
in parlier stages.

NQTE 4  Multiple validations may be. carfried out if there are different intended uses.

4.63
lue
mber or category assigned to an attribute of an entity by making a measurement

3 <

P

4
rification
firmation, through the provision of objective evidence, that specified requirements have been fulfjlled

o <

NQTE 1 "Verified" is used to designate the corresponding status.

—_—

1S0-9000:2000]

NOTE 2 In design and development, verification concerns the process of examining the result of a given activity to
determine conformity with the stated requirement for that activity.
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5 SQuaRE: Software product Quality Requirements and Evaluation — the series of
standards on product quality requirements and evaluation

This clause presents an overview of the structure and the contents of SQuaRE series of standards. The
objective is to give the users of this series of standards necessary information allowing the efficient choice of
applicable documents.

5.1 Organisation of SQuaRE series of standards

Quality Model
Division
2501n
Quality | Quality
Requirements Quality Evaluation
Division Management Division| Division
2500n
2503n | 2504n
Quality
Measurement Division
2502n

Figure 1 — Organisation of SQuaRE series of standards

Figure 1 illustrates the organisation of the SQuaRE series representing families of standards, further called
Divisions.

The Divisipns within SQuaRE)model are:
e ISO/IEC 2500n -1Quality Management Division. The standards that form this division define all commion

models, terms<and definitions referred further by all other standards from SQuaRE series. Referring paths
(guic;Ence through SQuaRE documents) and high level practical suggestions in applying proper standaan

to specifi€_application cases offer help to all types of users. The division provides also requirements and
guidanee) for a supporting function which is responsible for the management of software prodiict
requirements specrication and evaluation.

e ISO/IEC 2501n - Quality Model Division. The standard that forms this division presents a detailed
quality model including characteristics for internal software quality, external software quality and software
quality in use. Furthermore, the internal and external software quality characteristics are decomposed into
subcharacteristics. Practical guidance on the use of the quality model is also provided.

e ISO/IEC 2502n - Quality Measurement Division. The standards that form this division include a
software product quality measurement reference model, mathematical definitions of quality measures,
and practical guidance for their application. Presented measures apply to internal software quality,
external software quality and quality in use. Quality measure elements forming foundations for the latter
measures are defined and presented.

10 © ISO/IEC 2005 — All rights reserved
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ISO/IEC 2503n - Quality Requirements Division. The standard that forms this division helps specifying
quality requirements. These quality requirements can be used in the process of quality requirements
elicitation for a software product to be developed or as input for an evaluation process. The requirements
definition process is mapped to technical processes defined in ISO/IEC 15288 — Information Technology -
Life Cycle Management - System Life Cycle Processes.

ISO/IEC 2504n - Quality Evaluation Division. The standards that form this division provide
requirements, recommendations and guidelines for software product evaluation, whether performed by
evaluators, acquirers or developers. The support for documenting a measure as an Evaluation Module is
also presented.

S(
Int
us

5.

Th
Th
ing

5.]

5.]

5.]

P SQuaRE: overview of documents within series

P.1  ISO/IEC 2500n - Quality Management Division

p.2 ISO/IEC 2501n - Quality Model Division

2.3 ISO/IEC 2502n -(Quality Measurement Division

DuaRE extension (ISO/IEC 25050 to ISO/IEC 25099) is designated to contain software prodtljct quality
ernational Standards and/or Technical Reports that address specific application domains, or that can be
ed to complement one or more SQuaRE International Standards.

e SQuaRE series of standards consists of 14 documents grouped in 5 Divisiens within SQualRE model.

is clause presents a short overview of all documents with their classification”to Divisions. The documents
orporate provisions from documents mentioned in brackets.

25000 - Guide to SQuaRE: Provides the SQuaRE architecture model, terminology, documents| overview,
intended users and associated parts of the series as\well as reference models (ISO/IEC 9126-1 and
14598-1),

25001 - Planning and management: Provides requirements and guidance for a supporting funcgtion which
is responsible for the management of software product requirements specification and ¢valuation.
(ISO/IEC 14598-2).

25010 - Quality model: describes’/the model for software product internal and external softwgre quality,
and software quality in use. The document presents characteristics and subcharacteristics for internal and
external software quality and characteristics for quality in use (ISO/IEC 9126-1 and 14598-1).

25020 - Measurement reference model and guide: presents introductory explanation and a|reference
model that-is.common to quality measure elements, measures of internal software quality, external
software guality and quality in use. Also provides guidance to users for selecting or develgping, and
applying )measures from the International Standards (ISO/IEC 9126-1, 9126-2, 9126-3, 9126-4 and
14598-1),

25021 — Quality measure elements: definitions and specifications of a set of recommended|base and

derived measures, whichare inmtendedto beused duringthe whote software devetopmernttifecycle. The
document describes a set of measures that can be used as an input for the internal software quality,
external software quality or software quality in use measurement (ISO/IEC 9126-1, 9126-2, 9126-3,
9126-4 and 14598-1),

25022 — Measurement of internal quality: defines internal measures for quantitatively measuring internal
software quality in terms of characteristics and subcharacteristics (ISO/IEC 9126-3),

25023 — Measurement of external quality: defines external measures for quantitatively measuring external
software quality in terms of characteristics and subcharacteristics (ISO/IEC 9126-2),

25024 — Measurement of quality in use: describes a set of measures for measuring quality in use.
Provides guidance to use the measures of software quality in use (ISO/IEC 9126-4),

© ISO/IEC 2005 — All rights reserved 1
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5.2.4 ISO/IEC 2503n - Quality Requirements Division

e 25030 — Quality requirements: provides requirements and guidance for the process used to develop
y requirements, as well as requirements and recommendations for quality requirements
(ISO/IEC 9126-1, 9126-2, 9126-3, 9126-4, 14598-1, 14598-3, 14598-4 and 14598-5).

qualit

5.2.5 ISO/IEC 2504n - Quality Evaluation Division

e 25040 — Evaluation reference model and guide: contains general requirements for specification and
evaluation of software quality and clarifies the general concepts. Provides a framework for evaluating

qualit
and €

e 2504
descr

o 25041
imple
devel

o 2504
the sy
“off-th
prody

o 25044

imple
evalu

5.26 IS

e 2505
for t

documentation for the testing of COTS_software products, including test requirements, test cases, a

test r¢

e 2506
usabi

53 SQ

5.3.1 General

The follow
models fo

valuation (ISO/IEC 9126-1 and 14598-1),

- Evaluation modules: defines the structure and content of the documentation to(be used
be an Evaluation Module (ISO/IEC 14598-6),

P — Evaluation process for developers: provides requirements and recommendations for the practi

bpment (ISO/IEC 14598-3),

B — Evaluation process for acquirers: contains requirements, recommendations and guidelines
stematic measurement, assessment and evaluation of software praduct quality during acquisition
e-shelf0148 software products, custom software products, orvmodifications to existing softwa
cts (ISO/IEC 12119 and 14598-4),

I — Evaluation process for evaluators: provides requirements and recommendations for the practi

ption results (ISO/IEC 14598-5).

D/IEC 25050 to 25099 - SQuaRE extension

— Requirements for quality of Commercial Off-The-Shelf (COTS) software product and instructio

y of software product and states the requirements for methods of software product measuremént

to

cal

mentation of software product evaluation when the evaluation is conducted-in parallel with the

for
of
re

cal

mentation of software product evaluation, when several,parties need to understand, accept and triist

ns

psting: establishes quality requiremients for COTS software product; requirements for t
pporting; and instruction for conformity evaluation of COTS software products.

p — Common industry format-for usability test reports: specifies how to report the results of a test|
ity in a specified context of use.

laRE common‘models

ing subelauses present all common models used within the SQuaRE series of standards. As the
rm.abasis for practical navigation through the series they are further referred by all dedicated and

detailed s

pst
nd

of

or

andard documents. The following models are presented:

e SQuaRE general reference model — navigation guide through SQuaRE series of standards as a function
of user’s task(s),

e Software product quality life cycle model - the views of internal software quality, external software quality

and s

oftware quality in use during the software life cycle,

e Quality model structure — categorisation of software quality attributes into characteristics,
subcharacteristics and quality attributes.

12
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Business system

Information system

Target of Process Software product

Internal software quality

External software quality.

Quality in use

Process Requirements Evaluation
Specification
25030 25022 25041
A 25023 25042
25024 25043
25044
Execution
25021
Particular Guidance 25001 25020 25040 25001
25010
General Guidance f
25000
Figure 2 — SQuaRE general reference model
5.3.2 SQuaRE general reference model
SQuaRE general reference model (Figure 2) was created to help the users navigate through SQuU4RE series
of jstandards.
THe choice of the appropriate standards and documents from the SQuaRE series depends upon [the user's
roleZand information needs. It is recommended that all users initially consult the general| guidance

(ISO/IEC 25000) in addition to the parts that are relevant to their specific information need and role.

5.3.3 Software product quality life cycle model

The software product quality life cycle model (Figure 3) addresses software product quality in three principal
phases of software product life cycle: product under development, product in operation and product in use.

e The phase of a product under development is the subject of internal software quality
e The phase of a product in operation is the subject of external software quality, and

e The phase of a product in use is the subject of software quality in use.
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Needs
Requirement Product

Quality in Use 0 Quality in Use
Requirements

Validation —

v
External quality External
Requirements verNicZtion quality

and

Validation = o

v
Internal quality Internal
Requirements quality

Q Verification :

Implementation

Figure 3 — Software'Product Quality Life Cycle Model

The software product quality life cycle’ model also indicates that the implementation of software quality
requires a process similar to the\software development process for each type of quality: requirements,
implementation and validation of the results

Quality in| use requirementsspecify the required level of quality from the end user’s point of view. These
requirements are derived ffom needs of each context of use. Quality in use requirements are used as re
target for yalidation ofithe software product by the user. Requirements for quality in use characteristics shouild
be stated jin the quality requirements specification using quality in use measures and used as criteria when a
product is|evaluated

NOTE Quality in use requirements contribute to identify and to define external software quality requirements.

External software quality requirements specify the required level of quality from the external view. They
include requirements derived from user quality requirements, including quality in use requirements. External
software quality requirements are used as the target for technical verification and validation of the software
product. Requirements for external software quality characteristics should be stated quantitatively in the
quality requirements specification using external measures and used as criteria when a product is evaluated.

NOTE 1 External software quality requirements contribute to identify and to define internal software quality
requirements.

NOTE 2  External software quality evaluation can be used to predict quality in use.

14 © ISO/IEC 2005 — Al rights reserved
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Internal software quality requirements specify the level of required quality from the internal view of the product.
They include requirements derived from external software quality requirements. Internal software quality
requirements are used to specify properties of intermediate software products. Internal software quality
requirements may also be applied to deliverable, non-executable software products such as documentation
and manuals. Internal software quality requirements can be used as targets for verification at various stages
of development. They can also be used for defining strategies of development and criteria for evaluation and
verification during development. This includes the use of additional measures (e.g. for reusability), which are
outside of the scope of SQuaRE series of standards. Internal quality requirements should be specified

qu

S(
su

S¢
m
pr
de

.3.4 Quality model structure

antitatively in terms of internal measures.

DuaRE quality model categorises software quality into characteristics which are further subdi
bcharacteristics and quality attributes (Figure 4).

DuaRE quality model consists of two parts, the model for External and Interhal Software Quali
bdel for Quality in Use, being presented in details in ISO/IEC 25010 - .Seéftware engineering

Software product

vided into

y and the
Software

bduct Quality Requirements and Evaluation (SQuaRE) - Quality model)‘In this document thg detailed
finitions for each quality characteristic and the subcharacteristics of the-software product are given.

Figure 4 — Quality model structure
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A.1 ISOHEC12207:1995/Amd-1:2002

This standard establishes a common framework for software life cycle processes, with well-defin
terminology. It contains processes, activities and tasks that are to be applied during the supply, developme
operation pnd maintenance of software products.

During the development process, the developer shall establish and document software’ requiremen
including the quality characteristics specifications. Guidance for specifying quality characteristics may
found in ISO/IEC 25010. ISO/IEC 25022, 25023 and 25024 can be used to support{assigning quantitat
target valyes for the quality requirements. SQuaRE series of International Standards,can also be used duri
the develgpment process in order to evaluate intermediate and final software products.

A.2 ISQ/IEC 15504

Annex A
(informative)

Relationship between SQuaRE series and other ISO Standards

ISO/IEC 1
software [

The first b
develop it
be improV
process i
capability

The asses
of standa
organisati
capability

a)
b)
c)

d)

perfo
Procd
Procd

verify

5504 is a 5 part standard based on experiences gained\in the SPICE Project. It can be used
rocess assessment and process capability determination:.

asic assumption is that the quality of a software product is largely influenced by the process used
Therefore, to improve the quality of a softwarejproduct, the quality of the software process needs
ed. The second assumption is that the quality of a software process is the extend to which t
of a process.

sment inputs are defined in ISO/IEC 15504-2 — Performing an assessment. ISO/IEC 25000 ser
rds may be used as a reference when assessing the measurement and quality process of f
bn. The standard provides~guidance and identifies the Measurement Framework for procs
and the requirements fors:

ming an assessment;

ss Reference-Models;

ss Assessment Models;

ng.conformity of process assessment.

ed
nt,

ts,
be
ve

ng

for

to
to
nis

explicitly defined, managed, measured:.‘and continuously improved. This is represented by the

es
he

A.3 1SO 9000 family of standards

The ISO 9000 family of standards, listed below, were developed to assist organisations, of all types and sizes,
and regardless of product provided, to implement and operate effective quality management systems:

16

e IS0 9000 describes fundamentals of quality management systems and specifies the terminology for
quality management systems;

e |ISO/IEC 90003 provides guidance for organisations in the application of ISO 9001:2000 to the
acquisition, supply, development, operation and maintenance of computer software;
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ISO 9001 specifies requirements for a quality management system, where an organisation needs to
demonstrate its ability to provide products that fulfil customer and applicable regulatory requirements,
and aims to enhance customer satisfaction;

ISO 9004 provides guidelines that consider both the effectiveness and efficiency of the quality
management system. The aim of this standard is improvement of the performance of the

organisation and satisfaction of customers and other interested parties;

e [SO 19011 provides guidance on auditing quality and environmental management systems.

in hational and international trade.

THe quality management system requirements specified in these International Standards-are‘comp
to| requirements for products, such as those specified in ISO/IEC JTC1/SC 7 Software an
Engineering standards.

THe quality management system approach encourages organisations to analyse customer req
define the processes that contribute to the achievement of a product, which is;aéceptable to the cust
keep these processes under control. A quality management system provides the framework for
improvement, to increase the probability of enhancing customer satisfaction and improve the ¢
advantage of the organisation. It provides confidence to the organisation and its customers that it
provide products that consistently fulfil requirements.

ISP 9000 describes fundamentals of quality management systems, which form the subject of the
family of standards, and defines related terms.

THis International Standard is applicable to the following.
a)| organisations seeking advantage through the-implementation of a quality management system,
b)| organisations seeking confidence from.their suppliers that their product requirements will be sat

c)| users of the products,

brstanding

lementary
d System

lirements,
omer, and
continual
pmpetitive
is able to

ISO 9000

sfied,

d)| those concerned with a mutual understanding of the terminology used in quality management (e.g.

suppliers, customers, regulators),

e)| those internal or external to the organisation who assess the quality management system or

gudit it for

conformity with the-requirements of ISO 9001 (e.g. auditors, regulators, certification/registration [bodies),

f)| those internal~or/external to the organisation, who give advice or training on the quality mgnagement
system appropfiate to that organisation, and

g)| developers of related standards.

ISPD/IEC*90003 provides guidance for organisations in the application of ISO 9001:2000 to the acquisition,

supply, development, operation and maintenance of computer software.

The guidance applies to computer system:

a) as part of a commercial contract with another organisation;

b) as a product available for a market sector;

c) in support of the business processes of the organisation;

d) as software embedded in a hardware product; and

e) for provision of software operations, maintenance and support services

© ISO/IEC 2005 — Al rights reserved 17
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Frequent references are provided, to additional guidance in the standards for Software Engineering defined by
ISO/IEC/JTC1/SC7, in particular, ISO/IEC 9126, 12207, 15939 and 15504.

This International Standard identifies the issues which should be addressed and is independent of the
technology, life cycle models, development processes, sequence of activities, or organisation structure used
by an organisation. The guidance and identified issues are intended to be comprehensive but not exhaustive.
Where the scope of an organisation's activities includes areas other than computer software development, the
relationship between the computer software elements of that organisation's quality management system and
the remaining aspects should be clearly documented within the quality management system as a whole.

H H ‘o f. Lt + 4+ 1 H I
ISO 9001 PMCUITITO TOCYUITTITITTIO TUT A quallLy iral IGHCIIICI 1 OyOlUIII wireTrc ari UIBGI nmodatliuvll.

a) need$ to demonstrate its ability to consistently provide product that meets customer and applicab
regulatory requirements, and

e

b) aims|to enhance customer satisfaction through the effective application of the system, including
procgsses for continual improvement of the system and the assurance of conformity)to customer and
appligable regulatory requirements.

All requirements of this International Standard are generic and are intended™\to be applicable to |all
organisatipns, regardless of type, size and product provided. Where any requirement(s) of this Internatiopal
Standard fannot be applied due to the nature of the organisation and its prodict, these can be considered for
exclusion | but such exclusions are limited to a specified subset of the requirements. Such exclusions must [pe
justified, gnd cannot affect the organisation's ability, or responsibility, to-previde product that meets customer
and appligable regulatory requirements.

The year [2000 edition of this International Standard promotes thie adoption of a process approach, whien
developing and implementing a quality management system.!cThis approach, coupled with the increased
emphasis|on continual improvement, requires objective monitoring and measurement of the processes,|in
order to make effective, factual-based decisions on improvements. Consideration should be given to the
information available from the application of metricsn\in software product evaluations, in assessing the
effectivengss of the quality management system processes. SQuaRE series of standards can also be used
with ISO 9001 when defining quality requirements;as a means to specifying customer needs and expectatigns.

ISO 9004 provides guidelines beyond the (requirements given in 1ISO 9001, in order to consider both the
effectivengss and efficiency of a quality management system, and consequently the potential for improvement
of the performance of the organisationSWhen compared to ISO 9001, the objectives of customer satisfactipn
and prodJct quality are extended te-include the satisfaction of interested parties and the performance of the
organisatipn.

NOTE In the context of this\International Standard, "interested parties" is defined as a person or group having[an
interest in {he performance orsuccess of the organisation (e.g. customers, owners, people in the organisation, suppligrs,
bankers, umions, partnersr.society).

This Interpational ‘Standard is applicable to the processes of the organisation and consequently, the quality
managemient principles on which it is based can be deployed throughout the organisation. The focus of this
International/Standard is the achievement of ongoing improvement, measured through the satisfaction|of
customerJI and other interested parties.

This International Standard consists of guidance and recommendations and is not intended for certification,
regulatory or contractual use, or as a guide to the implementation of ISO 9001.

ISO 19011 provides guidance on the principles of auditing, the management of audit programs, the conduct of
quality management system audits and environmental management system audits as well as the competence
of quality and environmental management system auditors.

It is applicable to all organisations having a need to conduct and manage internal or external software quality
and/or environmental management system audits.
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The application of this International Standard to other types of audits/evaluations/assessments is possible, in
principle, but special consideration should be paid to defining the competence needed by the audit team
members in such cases.

A.4 ISO/IEC 15939

SQuaRE series of standards has a close relationship with ISO/IEC 15939 since the measurement related
definitions have been harmonised and the measurement process from ISO/IEC 15939 can be tailored for the
evaluation process defined in SQuaRE.
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D/IEC 15939 defines the common processes and activities that are necessary to successful
fine, select, apply, validate, and improve software measures within an overall projectcor organisational
basurement structure. It will also identify those principles and characteristics of the measureme
huired to effectively address software technical and managerial information needs within a
janisational context.

e purpose of ISO/IEC 15939 standard is to:

y identify,

ht process
project or

provide a commonly defined but tailorable measurement process, ‘which supports the implgmentation

of specific measures required by software engineering domains;

establish the characteristics of a measurement process<which support the aggregation ¢f process

and product measurement data into meaningful information,

establish a basis for the collection and use of measurement data over a range of projects
project estimation and tracking, product evaluation, and process assessment and im
requirements,

define common measurement terminolo@y applicable to all users and to the entire life cycle

5 ISO/IEC 15288

D/IEC 15288 establishes a common framework for describing the life cycle systems created by
fines a set of processes and associated terminology. These processes can be applied at any |
rarchy of a system’s structure. Selected sets of these processes can be applied throughout the li
naging and performing, the stages of a system's life cycle. The difference between ISO/IEC 12207 and
288 is the emphasis.to Stakeholder Requirements Definition Process. The purpose of ISO/IEC 15288
ecifically in the Technical Process is to:

define“the requirements for a system that can provide the services needed by users
stakeholder in a defined environment,

transform the stakeholder, requirement-driven view of desired services into a technical
required product that could deliver those services,

to support
brovement

humans. It
vel in the
cycle for

and other

view of a

synthesise a solution that satisfies system requirements by architectural design,
produce a specified system element,
assemble a system that is consistent with the architectural design,

confirm that the specified design requirements are fulfilled by the system,

establish a capability to provide services specified by stakeholder requirements in the operational,

environment;

© ISO/IEC 2005 — All rights reserved
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e provide objective evidence that the services provided by a system when in use comply with
stakeholder, requirements;

e sustain the capability of the system to provide a service.
The process used for developing quality requirements in ISO/IEC 25030 is based on the technical processes

in ISO/IEC 15288. By the other hand, the evaluation process defined in SQuaRE can be used to help the
“Validation process” in ISO/IEC 15288.
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Annex B
(informative)

Overview of ISO/IEC 14598 and ISO/IEC 9126

B 4—Overview-of ISOHEC14598-andISOAEC-9126

BJ1.1 Structure of ISO/IEC 14598 and ISO/IEC 9126

ISP/IEC 9126 series of International Standards and Technical Reports define a general-purpose quality model,
quality characteristics and give examples of metrics. The ISO/IEC 14598 series ofAnternational Standards
giyes an overview of software product evaluation processes and provide guidance and requirgments for
evpluation. Parts 2 and 6 relate to corporate or departmental level for evaluationmanagement and support,
while parts 3, 4 and 5 give requirements and guidance for evaluation at the project level. Figure B1 shows the
refationship between these standards and technical reports.

Resources
and
environment

Effect of the
software
product

Evaluation
process

(e N (e AWE N\ (exerma ) (o )

valuation valuation Internal xternal Quality in
support process metrics metrics use metrics
( 14598-1 )

14598-2 14598-3 9126-1
14598-4

14598-6\f | =7=sa=1| || 91263 9126-2 9126-4
X A ~ \J \ —

Figure B.1.>—)Relationship between ISO/IEC 9126 and ISO/IEC 14598 International Standards
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B.2 Quality model framework

This clause describes a quality model framework, which explains the relationship between different
approaches to quality.

B.2.1 Approaches to quality

process software product effect of software

product

Proceq
qudit

procey
measur

User qual

can be ysed when specifying external and internal software™ quality using software product qua
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Evaluatiorn

software dlevelopment life cycle. Software product quality can be evaluated by measuring internal softw4
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Process q
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Figure B.2 — Quality in the life cycle

ty needs include requirements for quality in use in specific contexts of use. These identified neg
stics and subcharacteristics.
of software products in order to satisfy software quality needs is one of the processes in f

pically static measures of intermediate products), or by measuring external software quality (typica
ring the behaviour of the code whenexecuted), or by measuring software quality in use. T
s for the product to have the required-effect in a particular context of use (Figure B2).

uality (the quality of any of the: life cycle processes defined in ISO/IEC 12207) contributes
product quality, and produet quality contributes to improving quality in use. Therefore, assessi
ving a process is a means to’improve product quality, and evaluating and improving product qua
ans of improving quality\in"use. Similarly, evaluating quality in use can provide feedback to impro
and evaluating a product can provide feedback to improve a process.

e internal attributes of the software are a pre-requisite for achieving the required external behavio
priate external’behaviour is a pre-requisite for achieving quality in use (Figure B2).

ements-for software product quality will generally include assessment criteria for internal softwa
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ternal/software quality and quality in use, to meet the needs of developers, maintainers, acquirgrs

sers.” (See ISO/IEC 14598-1:1999, clause 8.)

B.2.2 Product quality and the life cycle

The views of internal software quality, external software quality and quality in use change during the software
life cycle. For example, quality specified as quality requirements at the start of the life cycle is mostly seen
from the external and users’ view, and it differs from the interim product quality, such as design quality, which
is mostly seen from the internal and developers view. The technologies used for achieving the necessary level
of quality, such as specification and evaluation of quality, need to support these diverse points of view. It is
necessary to define these perspectives and the associated technologies for quality, in order to manage quality
properly at each stage of the life cycle.
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The goal is to achieve the necessary and sufficient quality to meet the real needs of users. ISO 8402 defines
quality in terms of the ability to satisfy stated and implied needs. However, needs stated by a user do not
always reflect the real user needs, because: (1) a user is often not aware of his real needs, (2) needs may
change after they are stated, (3) different users may have different operating environments, and (4) it may be
impossible to consult all the possible types of user, particularly for off-the-shelf software. So quality
requirements cannot be completely defined before the beginning of design. Yet, it is necessary to understand
the real user needs in as much detail as possible, and represent these in the requirements. The goal is not
necessarily to achieve perfect quality, but the necessary and sufficient quality for each specified context of use
when the product is delivered and actually used by users.

ia re— categories
correspondmg to d|fferent degrees of sat|sfact|on of the requwements For example, the scale could)be divided
info two categories: unsatisfactory and satisfactory, or into four categories: exceeds requiremeryts, target,
minimally acceptable and unacceptable (see ISO/IEC 14598-1). The categories should be specified so that
bath the user and the developer can avoid unnecessary cost and schedule overruns.

B3 Evaluation process

THe ISO/IEC 14598 series of International Standards provides guidance and requirements for the gvaluation
process in three different situations:

e | development (enhancement) (ISO/IEC 14598-3),
e | acquisition (ISO/IEC 14598-4),

¢ | independent evaluation (including third-party evaluation) (ISO/IEC 14598-5).

BJ3.1 Process for developers

ISP/IEC 14598-3 should be used by organisations that are planning to develop a new product or enhance an
exjsting product and intending to perform product evaluation using members of its own technidal staff. It
foguses on the use of indicators that:¢an predict end product quality by measuring intermediate products
dgveloped during the development life cycle.

A{ ISO/IEC 14598-3 focuses ofiithe evaluation process during the software product development, i also may
be used by a acquirer of a‘eustom software product, in case the acquirer intend to come along with the
evplution of quality along.the software development. In this case, the ISO/IEC 14598-3 may be lised as a
complement to ISO/IEG 14598-4.

NQTE The use of-software product evaluation during its development may be a powerful managerial tool gince it may
leJerage development process adjustments. These improvements are possible comparing the obtained megasurements
agpinst previously-established requirements, which may indicate corrections to be implemented before the next|steps.

B[3.2 Process for acquirers

ng or pre-
developed software product It can be used to decrde on the acceptance of the product or for selecting a
product among alternative products (a product may be self contained, part of a system, or it may be part of
larger product). The document addresses the acquisition of commercial off-the-shelf software products, as
well as of custom software products, pointing out the evaluation process particularities in each case.

B.3.3 Process for evaluators
ISO/IEC 14598-5 should be used by evaluators carrying out an independent assessment of a software

product. This evaluation could be performed at the request of a developer, acquirer or some other party. This
part is intended for those who perform independent evaluation. Often they work for third party organisations.
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The document is recommended to organisations intending to evaluate software product using the service
provided by independent evaluators. Note that ISO/IEC 14598-5 establishes the contractual conditions,
responsibilities and products to be delivered during the evaluation. It is useful when several parties need to
understand, accept and trust the evaluation results. So, the process defined in this standard intends to

guarantee

the process evaluation characteristics of repeatability, reproducibility, impartiality, and objectivity.

The evaluation process can be complemented by the use of ISO/IEC 14598-3 and ISO/IEC 145984,

considerin

g the particularities just present in the processes for developers and acquirers.

B.4 Supportforevatuation

Each of tihe evaluation process standards can be used in conjunction with ISO/IEC 14598-2 (Plapning a
managemient) and ISO/IEC 14598-6 (Documentation of evaluation modules).

B.4.1 PI

ISO/IEC 1

software product evaluation. The support is related to planning and management of'a software evaluati

process 3
feedback

managers
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4598-2 Planning and Management contains requirements and guidance for Supporting functions

nd associated activities, including development, acquisition, standardisation, control, transfer a
of evaluation expertise within the organisation. This part of ISONEC 14598 can be used

to produce a quantitative evaluation plan, which may be used to support the management proce
Lation project, also addressed by the same document.

aluation modules

bn of the quality model (i.e. characteristics, subcharacteristics and corresponding internal or exter
he associated data and information of the planhed application of the model and the informati

hay be necessary to develop new evaluation modules. This part of ISO/IEC 14598 can be used
bns producing new evaluation modules and also reusing pre-existent evaluation modules.

tion module collects all informatioh,necessary to perform an evaluation of a specific aspect o
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practeristic applying a specific_evaluation technique. It clarifies which specific aspect of a softwa
racteristic is being measured:.The procedure for performing the measurement is defined as well
ditions and accuracy of the measurement.

es of ISO/IEC 1459846 show the development process of an evaluation module, as well as provi
frative examples of\evaluation modules.

f evaluation modules during the evaluation process depends on the characteristics of the evaluati
bn. The existénce of these evaluation modules may improve the evaluation process. Otherwis
effort is_réquired to build an evaluation module library. Evaluation modules can either be develop
Liating a;product; or with the specific purpose of generating them to be reused in later evaluations.
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4598-6 provides guidance for documenting evaluation modules. These modules contain the
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actual application. Appropriate evaluation maodules are selected for each evaluation and, in some
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B.5 So

tware quality characteristics and metrics

Each part of ISO/IEC 14598 should be used in conjunction with the planned parts of ISO/IEC 9126 describing
software quality characteristics and metrics:

e ISO/IEC 9126-1: Quality characteristics and subcharacteristics,

e [SO/IEC 9126-2: External metrics,

e [SO/IEC 9126-3: Internal metrics,

e ISO/IEC 9126-4: Quality in use metrics.
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Part 1 defines quality characteristics, associated subcharacteristics and the relations between the top three
levels (characteristics, subcharacteristics and attributes) of the ISO/IEC 9126 two-part quality model (external
and internal software quality and quality in use). Parts 2, 3 and 4 of ISO/IEC 9126 are related to metrics
applicable to software quality. They define each type of metric, describe metrics desirable properties and
provide a set of metrics that can be used. Parts 2 and 3 of ISO/IEC 9126 identify the relationships of each
metric (internal and external) to their corresponding characteristics and subcharacteristics. Note that some
internal metrics have corresponding external metrics. Part 4 describes quality in use metrics to measure the
effect of the use of the software product for its user.

B.5.1 Quality characteristics and subcharacteristics

ISP/IEC 9126-1 defines a set of quality characteristics and corresponding subcharacteristits. These
supcharacteristics are manifested externally when the software is used as a part of a computer syjstem, and
are a result of static attributes of the software product. ISO/IEC 9126-1 is used as~the foundation for
constructing the top three levels of the quality model. Thus, quality in use represents the)overall opjective of
lity from the users’ perspective.

ISP/IEC 9126-1 describes a two-part model for software product quality: a) téernal software quality and
external software quality, and b) quality in use. The first part of the model spécifies six characte¢ristics for
internal and external software quality, which are further subdivided )into subcharacteristigs. These
supcharacteristics are manifested externally when the software is used\as’a part of a computer system, and
are a result of the static attributes of the software product. This part of.ISO/IEC 9126 does not elaporate the
model for internal and external software quality below the level of stibcharacteristics.

THe second part of the model specifies four quality in use characteristics, but does not elaborate thel model for
lity in use below the level of characteristics. Quality in_use is the combined effect for the user| of the six
software product quality characteristics.

THe software product quality model described in ISO/IEC 9126-1 may be used at the requirementg definition
propcess of a software product, as well as a reference to software product quality evaluation.

BJ5.2 External metrics

ISP/IEC 9126-2 describes those metrics that represent the external perspective of software qualityl when the
software is in use. They measure: thé behaviour of the system of which the software product is|part. The
external measures are taken over.some predefined period while the software is in use. Values for|quantities
time and effort are used(as the basis for these external measures, which apply in both the tg¢sting and
ration phases. When used during test they are meant to be early predictors of the levels of qualify that can
be expected once the software is used and operated. These measures generally represent the quality in terms
that are relevant to users.

Tgrget values for_the external software quality requirements can be defined quantitatively by using external

metrics. Thesértarget values could be derived from those assigned to the quality in use target valugs, so that
the¢y can be\used to predict quality in use.

BJ5:3 ‘Internal metrics

ISO/IEC 9126-3 describes those metrics that measure internal attributes of the software related to its
architecture. These early measures are used as indicators to predict what can be expected once the software
system is in test and operation. Therefore the internal measures are most important to development managers
since they are a valuable tool for forestalling down stream problems. Internal measures are used to predict the
values of corresponding external measures. ISO/IEC 9126-3 shows which internal metrics have
corresponding external metrics.

Target values for the internal software quality requirements can be defined quantitatively by using internal

metrics. These target values should be derived from those assigned to the quality in use and external metrics
target values, so that they can be used to predict the external software quality and quality in use.
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B.5.4 Quality in use metrics

ISO/IEC 9126-4 describes quality in use metrics that measure the extent to which a product meets the needs
of specified users to achieve specified goals with effectiveness, productivity, safety and satisfaction in a
specified context of use. Quality in use is assessed by observing representative users carrying out
representative tasks in a realistic context of use. The measures may be obtained by simulating a realistic
working environment (for instance in a usability laboratory) or by observing operational use of the product.
When measuring quality in use it is important that users are only given the type of help and assistance that
would be available to them in the operational environment.

Quality infuseTequirerments Tepresentthe—expectedTesuttof thetasktobeexecuted—using—the—software
product within specified context of use. This is the requirements highest level of abstraction, from whgre
internal and external software quality requirements can be derived.

B.6 The evaluation process

Figure B3| (from ISO/IEC 14598-1) represents the steps of the evaluation process usedtin all ISO/IEC 14598
series of dtandards, synthesised in the following sub-clauses.

The evalyation process is detailed by the documents: ISO/IEC 14598-1, which-establishes the conceptiial
basis of the process; ISO/IEC 14598-3, which adapts the process to be applied during the software prodiict
developmgent, emphasising intermediate measurements aiming to get indicators for the final quality of the
product; ISO/IEC 14598-4, which adapts the process to acquirers of off-the-shelf software products, as well fas
of custom software products; ISO/IEC 14598-5 using the same ‘evaluation process, emphasising the
evaluatior] resulting products and the relationship between requester,and evaluator.

B.6.1 Establish evaluation requirements

B.6.1.1 Establish the purpose of evaluation

The purpdse of software product evaluation is, inngeneral, to compare the quality of a software product against
quality requirements that express user needs;'or even to select a software product by comparing differ¢nt
software iroducts, or ranking a product with_regard to its competitors. This general objective may be better
specified When considering the point of view of the software product evaluation, such as acquisition, during
development, or under operation conditions.

ISO/IEC 14598-1: presents a good” explanation on the purpose of evaluation under different evaluation
situations] So, even if the cevaluation is supported by ISO/IEC 14598-3, 14598-4, or 14598-5, it|is
recommended the reading of thé additional information provided by ISO/IEC 14598-1.

ISO/IEC 14598-3: has hot-any specific consideration concerned to the purpose of evaluation.

ISO/IEC 14598-4;.does not follow the three steps according to ISO/IEC 14598-1. It addresses the purpdse
and scopeg of the~evaluation as a unique clause. In this clause one can find prescriptions on how to define
requirements.and the rigor or detail required in the evaluation activities. The scope and the purpose of the
evaluation-are-alse-censidered-

ISO/IEC 14598-5: gives some examples of the level of the evaluation according to the software product’s
intended use and its associated risks, considering the system and software integrity levels. It shows some
tables with different evaluation levels related to safety, economy, security and environment aspects.

Other aspects: the purpose and the scope of the evaluation will contribute to the tailoring of the process to be

adopted during the next steps of the evaluation. So the evaluator shall support the user in defining these
issues.
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Figure B.3 — Evaluation process view according to ISO/IEC 14598-1

B.p.1.2 Identify types of product(s) to be evaluated

THe types of products to be evaluated\depend on the purpose of the evaluation. As a first step, thg evaluator
should define the products to be ewvaluated as intermediate (during the development life cyclg) or final
prpducts. Products to be evaluated‘can be measured using: external metrics, when the product i$ a part of
complete hardware/software system under operation; internal metrics that can be applied to measure internal
properties of the software (e.g” specification or source code); and quality in use metrics, that measure the
eflect of the use of the software in a specified environment.

ISP/IEC 14598-1: explains the concepts of internal software quality, external software quality and quality in
use, as well as the respective metrics associated to each case. It also shows the types of quality requirements
and measurements applicable during the software development life cycle.

ISP/IEC 14598-3: has not any specific consideration concerned to the types of product(s) to be evalpated.

ISPIIEC 14598-4: has not any specific consideration concerned to the types of product(s) to be evallated.

ISO/IEC 14598-5: considers the product to be evaluated as a set of components in which the measurements
will be applied.

Other aspects: at this evaluation process step the identification of the products to be evaluated is still
preliminary. During the further steps more information are obtained, contributing to better detail the products to
be evaluated. Some issues should be considered during this evaluation step:

=  When dealing with final product evaluation and according to the purpose of the evaluation, it is possible to

select the whole software product or only some of its components. This definition takes place when, at
least, the basic quality requirements have been defined,

© ISO/IEC 2005 — Al rights reserved 27


https://standardsiso.com/api/?name=4e35155020d0107b6eb1fc57dcf9c80a

ISO/IEC 25000:2005(E)

=  When evaluating intermediate software products, the development life cycle adopted by the organisation
is a base to define the type of products to be evaluated. Besides, it is important to consider that the
internal metrics to be chosen should reflect the expected external software quality of the product. In such
case, it is first necessary to establish the external requirements to derive which internal metrics are
applicable to which type of intermediate product, in order to achieve an effective evaluation.

B.6.1.3 Specify quality model

The quality model specified for the evaluation is the reference for the software product requirements definition.
At this evaluation step the requirements are described for relevant quality characteristics, being prioritised
according[to The user needs.

ISO/IEC 14598-1: explains the subdivision of the quality model into characteristics and subcharacteristi¢s,
possibly being able to be refined in terms of attributes that can be measured. The ISO/IEC 9126-1.'model| is
mentioned as a preferential reference to be adopted in conjunction with the evaluation process.defined by the
ISO/IEC 1j4598 series of International Standards.

ISO/IEC 14598-3: highlights the requirements definition process, the searching for a,consensus among the
parties in|an evaluation with respect to the requirements priorities, considering thé. 'experience from other
evaluatior] projects with similar requirements. It emphasises that the requirements' need to be technicglly
feasible, reasonable, complementary, reachable and verifiable.

ISO/IEC 14598-4: highlights the different types of requirements to be considered. It also mentions some
acquisitiop process aspects (according to ISO/IEC 12207), for instafice, the assessment of the service
provided by the suppliers, as well as the information that is required from the suppliers during the evaluatipn
process.

ISO/IEC 14598-5. explains the need of the requester toprovide an initial version of the evaluation
requiremgnts. The evaluator shall support the requester when specifying and analysing the importance|of
each requirement and the impact of this choice at the evaluation level and how extensive the coverage of the
evaluatior] should be. The evaluation proceeds only if requester and evaluator agree about the requirements.

Other aspects: the ISO/IEC 14598 Series of International Standards does not prescribe any specific quality
model but] since the evaluation process defined.is strongly related to the ISO/IEC 9126-1 model, it is easier|to
apply this [process when using that model.

During the specification of the qualitymodel there is an emphasis on the quality requirements definition for
each releyant quality characteristic. However, at this point the external metrics to be used have not yet begen
defined anpd this makes it difficultto define the requirements, since it is not possible to deal with quantitative
aspects. This means that theCquality requirements identification process must be refined during the further
evaluatior] steps. Checklists“based on ISO/IEC 9126-1 can be useful for requirements identification.

B.6.2 Specify the evaluation

B.6.2.1 [BSelect:metrics

The quantifative specification and measurement of the software product qunlify requirements can nnly e
made by using metrics, which are associated to desired quality characteristics. Metrics may be: (i) internal,
associated to the software product architecture and allowing to predict the final product quality; (ii)] external,
measurable when the product is under operation; and (iii) of quality in use, that evaluate software product use
effect.

The choice of metrics to be used during the software product evaluation depends on the purpose of the
evaluation, the selected quality characteristics and on how easy and economical it is to apply the
measurements. The metrics used for comparisons should also be valid and sufficiently accurate to allow
reliable comparisons to be made. This means that measurements should be objective, empirical using a valid
scale, and reproducible.
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ISO/IEC 9126-1: presents some properties that should be followed by metrics used for comparison. It also
describes how to derive external and internal software quality requirements from user quality needs.

ISO/IEC 9126-2, 9216-3 and 9126-4: address, respectively, external, internal and quality in use metrics,
presenting some examples that can be used as a reference for the metrics selection.

ISO/IEC 14598-1: explains different types of measurements applicable to software evaluation, according to
the purpose of evaluation. It also highlights the importance of selecting metrics that allow accuracy, mainly
when comparing products with different attributes. Some requirements for measurements are briefly stated.

ing external
ghlighting

surements
bvaluated;
lity of the

ments are
attributes
ct internal

ifles tables
odules. In
upport the
idgntification of evaluation methods (and as a consequence, the respective metrics), such as fhecklists,
reyiew or assessment of software product user and technical documentation, product operating hjstory with
customers, product deficiency lists, etc. Following,it'provides some recommendations to be consid¢red when
sejecting evaluation methods, such as: cost to apply the methods and coverage of the requirements

Ad that International Standard can be used for selecting a product, the use of “informal” preliminary pvaluation
adtivities like reviews or surveys or peef/user anecdotal experience, trade journal product review, accessible
product user documentation, or database repositories of product reviews, can narrow the selection df products
considered functionally suitable for further evaluation.

ISP/IEC 14598-5: addresses'the specification of the evaluation adapting the general evaluation process,
diyiding this activity into three’sub-activities:

—1 Analysing the product description,
— Specifying the measurements to be performed on the product and its components, and
— Verifying the specification produced with regards to the evaluation requirements.

THeCgoals of these three sub-activities are: i) to identify the components to be considered for the pvaluation
WI il ti IS TITLES5dly illfUlllIdtiUll a'uuui ﬁIGDG bUIIIpUIIUIIib, II) tU d”UbdiU ﬁ 1< UVdiudﬁUll IUL{U;IUIIIU ItS on the
product itself and the various components identified. This allow to the evaluator to specify the measurements
intended to be used to assess the characteristics, subcharacteristics and attributes of the product and the
selected components, as well as to provide a formalised specification of metrics to be applied. iii) to check
whether all the necessary information for the evaluation are available and also whether the measurements
and verifications specified are sufficient to meet the objectives of the evaluation as expressed in the
evaluation requirements.

NOTE The process of selecting metrics in 14598-5 may require more than one interaction of the cycle define
requirements and selecting metrics, since after selecting some metrics it is likely to find missing requirements that need to
be defined and measured using a metric.
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B.6.2.2 Establish rating levels for metrics

For each selected metric it shall be defined the rating values for the related scale, where the required level of
the attribute to be measured can be expressed. The adopted scale can indicate limits for each attribute,
identifying if the measured value is, for instance, unacceptable, minimally acceptable, in the target range, or
exceeds the requirements.

ISO/IEC 14598-1: explains how to build the scale with the rating levels, where the measured values can be
represented.

ISOIIEC 1‘593'3 atatca that t: 1< CIICVC:UPUI bhd“ dcﬂllc talyct va:uca fUI Cdbh C}\tcllld: IIIUtI ;b, Vvh;bh dlic | le
quantitatiye representation of the quality requirements. These values are used as the evaluation criteria/_Hor
the internpl attributes the developer shall set target values when appropriate. Notice that usingCinternal
attributes [as indicators of the external software quality it is possible to estimate external software quality
attributes during the life cycle using a predictive model. These estimated quality attributes could be’compared
with the external requirements.

ISO/IEC 14598-4: does not address this issue in particular. The requirements selection is guite more detailed
in the prgvious step (establish evaluation requirements). It is possible to understand from the IS that 1h
chosen metrics should map and cover all the already identified requirements. As the metrics are selected,
they suppprt providing quantitative values for the previously identified requirements;

ISO/IEC 14598-5: does not address this issue in particular.
finishing the requirements definitions for the known requirements.:Sometimes it is necessary to deploy the

initially dgfined requirements, so that they can adhere to the meéasurements characterised by the selected
metrics.

Other aspects: After selecting the metrics, the target values to the“requirements shall be establishid,

When mapping the measured values on the measurement scale it should be taken into account that each
metric negds to be related to a specific scale. A great-humber of metrics implies careful work in order|to
establish pnd document all the scales. Moreover, ityis necessary to establish a method to summarise the
evaluatior] results, mainly to support decisions sugh as “to acquire or not to acquire the software product”.

The ratind levels or even the scale limits may not be known in advance. These levels are specific for eqch
evaluatior] and for each organisation. During initial evaluations it may be difficult to establish these values, but
after somp experience there will be historic data so that organisations can start establishing their quality
criteria mgre accurately.

B.6.2.3 [Establish criteria for-assessment

ISO/IEC 14598-1: states ‘that to assess the quality of the product, the evaluator should prepare a procedyre
for this, wjth separate-cfiteria for different quality characteristics, each of which may be in terms of individjial
subcharagteristics,©na weighted combination of subcharacteristics. This includes other aspects such as time
and cost that contribUte to the assessment of quality of a software product in a particular environment.

ISO/IEC 14598-3: does not address the establishment of criteria for assessment considering, for instance,
weighted et Tsti i
evaluation criteria.

ISO/IEC 14598-4: address the need to identifying: the methods for assessing the evaluation results; suitable
methods of ranking the assessments to allow selection, when selecting a product from among similar
products; and any rating schemes useful for comparing more than one software product. The rating scheme
may be weighted in accordance with the priority of the quality characteristics.

ISO/IEC 14598-5: does not address this issue in particular.

Other aspects: the assessment criteria do not obligate to have the measurements values summarised to get
an unique indicator which represents the product quality, since the quality is characterised by the adherence
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to established requirements. In such manner, the cost and schedule may be sensible to each established
requirement and its measured value. When the evaluation process is used to make a choice among different
products, it may be necessary to establish a model that represents the perceived commercial value of each
product from the measured values, in order to make more objective comparisons.

B.6.3 Design the evaluation

B.6.3.1 Produce evaluation plan

when used in addition to information available in the other standards, because some, information can only be

ISP/IEC 14598-3: states that the developer shall plan the external the evaluation”(concerned to the external
software quality requirements) and the internal evaluation (concerned.-{o“the internal softwgre quality
monitoring and control during development). The document also gives.seme more details related to the
measurement plan, advising that the set of measurements may imply.a‘change in the developmernt process,
through its need for data acquisition.
ISP/IEC 14598-4: presents the most complete explanation of this.evaluation step, addressing issuep such as:
conditions to perform evaluation, cost aspects, characteristics*of the evaluation methods, when tp stop the
evaluation, what to plan for each evaluation activity and the.need for identifying procedures for developing and
validating metrics and for standardising the evaluation process, metrics and measures.

ISP/IEC 14598-5: describes three sub-activities stated as necessary to produce the evaluation plan:
— Documenting evaluation methods and producing a draft plan, addressing issues such as:

— Technical constraints related tothe measurements or verifications,

— Evaluation methods for each measurement or verification that shall be documented,

— Identification of software tools used for measurements,

— Identificationsof-products components on which the method is to be applied,

— Specification of interpretation of results, when necessary, and

— Deseription of the environment.

— Optimising the evaluation plan addressing issues such as:

— The revision of the draft evaluation ptan to avoid duplicating evaluator actions.
— Scheduling evaluation actions with regard to available resources, addressing issues such as:

— The process of measurement and the schedule of planned actions, considering the delivering
schedule for the product and components, the relation between the evaluator and the developer and
the access to development and operational sites.

Other aspects: the user of this Series of International Standards when intending to prepare an evaluation
plan may consider useful to collect information from documents 14598-1, 14598-2, 14598-3, 14598-4 and
14598-5 in order to have a broader comprehension of this issue. It is recommended to start reading the
related clauses from ISO/IEC 14598-2.
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B.6.4 Execute the evaluation

B.6.4.1 Take measures

ISO/IEC 14598-1: states that the selected metrics is applied to the software product resulting in values on the
scales of the metrics

ISO/IEC 14598-3: considers the execution of evaluation for intermediate products as well as for the end
product. When applying metrics for internal attributes, the developer shall take necessary actions to ensure
the quality of the collected data; when undesirable values are obtained, the developer is able to understand
and react fo problems.

ISO/IEC 14598-4. addresses the measurement step considering two different issues: a) the purpese’of the
evaluatior], such as identifying deficiencies on the evaluation requirements, limitations on the~use of the
software product and options for the use of the software product uncovered by the evaluation;-b) the records
for the eXecution of the evaluation that should identify, for instance: the stepwise executionof evaluation
procedures; limitations, constraints, deficiencies or exclusions in an evaluation activity; and the evaluators and
their qualifications.

ISO/IEC 14598-5: addresses the measurement mainly from a management perspective. It states that the
evaluator ghall:

e the data produced by the evaluation actions: the intermediate data shall be protected in the
way as that of original components and documents; These data used for interpretation shall pe
ed in the evaluation records, and

e the tools to be used to perform the evaluation actions: the tools used for evaluation shall pe
nced in the Evaluation Report.

ects: the execution of the evaluationcan be totally or partially done by the developer organisation.
it shall occur according to the evaluation specification and plan.

ompare with criteria
ISO/IEC 14598-1: states that the.measured values are compared to the criteria established in the specification.

ISO/IEC 14598-3: considers the measurement values for internal evaluation and for evaluation of the end
product. Hor internal evaltation the measured values of defined indicators are used to predict final prodlict
quality. The standard alse” addresses the occurrence of outlier values. For end product measurements the
standard just statesthatthe values shall be compared with target values.

ISO/IEC 145984:-addresses this step as an analysis task, considering that the measured values are used|to
identify:

— Each deficiency of the product and how each deficiency can be resolved. The standard provides some
examples of how deficiencies can be resolved,

— Any additional evaluations needed to be performed to resolve any identified deficiencies. This additional
evaluation can, for instance, confirm that there is no deficiency, or be used to verify the correct and
acceptable performance of the software product once a design change or changes have been made to
correct deficiency,

— Whether it is necessary to limit or control the use of the software product and, in this case, whether the

limitation, for instance, impacts the mandatory requirements, requires additional evaluation work or
impacts on the application design, budget or schedule,
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