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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with 1ISO and IEC, also take part in the
work.

Internatiopal Standards are drafted in accordance with the rules given in the ISO/IEC (Directiyes,
Part 3.

In the figld of information technology, 1SO and IEC have established a joint teghnical commitiee,
ISO/IEC JTC 1. Draft International Standards adopted by the joint technical committee are circuldted
to national bodies for voting. Publication as an International Standard requires)approval by at lgast
75 % of the national bodies casting a vote.

Attention |is drawn to the possibility that some of the elements of this part)of ISO/IEC 9126 may be|the
subject of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent
rights.

Internatiopal Standard ISO/IEC 9126-1 was prepared by Jaint*Technical Committee ISO/IEC JTC 1,
Informatign technology, Subcommittee SC 7, Software engineering.

This first| edition of ISO/IEC 9126-1, together with..the other parts of ISO/IEC 9126, cancels and
replaces |SO/IEC 9126:1991, which has been technically revised.

ISO/IEC 9126 consists of the following parts,\under the general title Software engineering — Product
quality:

— Part{l: Quality model

— PartR: External metrics

— Part B: Internal metrics

— Party: Quality in use ‘metrics

ion

Annex A forms a.normative part of this part of ISO/IEC 9126-1. Annexes B and C are for informa
only.

iv © ISO/IEC 2001 — All rights reserved


https://iecnorm.com/api/?name=293f4c0d8a5925842ba9d27cb5270c5b

Int

ISO/IEC 9126-1

roduction

:2001(E)

Computers are being used in an increasingly wide variety of application areas, and their correct
operation is often critical for business success and/or human safety. Developing or selecting high

quality software products is therefore of prime importance.

Comprehensive specification and

evaluation of software product quality is a key factor in ensuring adequate quality. This can be
achieved by defining appropriate quality characteristics, taking account of the purpose of usage of the

Soff

ware product. It is important that every relevant software product quality characteristic i

specified

andg
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evaluated, whenever possible using validated or widely accepted metrics.

/IEC 9126 (1991): Software product evaluation - Quality characteristics and guideline
, which was developed to support these needs, defined six quality characteristics-and de
ware product evaluation process model.

quality characteristics and associated metrics can be useful not only.for evaluating &
duct but also for defining quality requirements and other usage, ISO/|JEC 9126 (1991)
aced by two related multipart standards: ISO/IEC 9126 (Software_product quality) and
98 (Software product evaluation). The software product quality characteristics defined i
SO/IEC 9126 can be used to specify both functional and-non-functional customer
uirements.

5 part of ISO/IEC 9126 is a revision of ISO/IEC 912641991), and retains the same softw3
racteristics. The major differences are:

the introduction of normative subcharacteristics, most of which are based on the ir
subcharacteristics in ISO/IEC 9126 (1991);

the specification of a quality model;

the introduction of quality in use;

co-ordination of the content with ISO/IEC 14598-1.

P relationship between the standards in the ISO/IEC 9126 and ISO/IEC 14598 series (see
ustrated in Figure’1.

removal of the evaluation process (which is now specified in the ISO/IEC 14598 standards);

5 for their
scribed a

software
has been
ISO/IEC
h this part
and user

\re quality

formative

Annex D)
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Figure 1 - Relationship between ISO/IEC 9126 and ISO/IEC 14598 standards
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Software engineering — Produc t quality —

Part 1:
Quality model

1 | Scope

This part of ISO/IEC 9126 describes a two-part model for software product quality: .a)/intermal quality
and external quality, and b) quality in use. The first part of the model specifies_six ‘characteristics for
intgrnal and external quality, which are further subdivided into subcharacteristics.| These
sulicharacteristics are manifested externally when the software is used_-as.a part of a [computer
sygtem, and are a result of internal software attributes. This part of ISOAECG’9126 does not|elaborate
the|model for internal and external quality below the level of subcharacteristics.

The second part of the model specifies four quality in use characteristics, but does not elalporate the
mofel for quality in use below the level of characteristics. Quality-in use is the combined eff¢ct for the
usgr of the six software product quality characteristics.

The characteristics defined are applicable to every kindf)software, including computer programs and
datha contained in firmware. The characteristics and.subcharacteristics provide consistent terminology
for|software product quality. They also provide a-framework for specifying quality requirements for
soffware, and making trade-offs between software product capabilities.

Nofmative Annex A provides recommendations and requirements for software product metrics and
quality in use metrics. Examples of thesesmetrics are contained in other parts of ISO/IEC 91P6. These
melrics are applicable when specifying, the quality requirements and the design goals foi software
products, including intermediate products. An explanation of how this quality model can be japplied in
soffware product evaluation is contained in ISO/IEC 14598-1.

This part of ISO/IEC 9126\ enables software product quality to be specified and evaluated from
different perspectives by -those associated with acquisition, requirements, development, use,
evaluation, support, maintenance, quality assurance and audit of software. It can for examplg be used
by |developers, acguirers, quality assurance staff and independent evaluators, particularly those
responsible for specifying and evaluating software product quality. Examples of uses of the quality
mofel defined-in‘this part of ISO/IEC 9126 are to:

« |alidate-the completeness of a requirements definition;

« Jdentify software requirements;

« identify software design objectives;

identify software testing objectives;
 identify quality assurance criteria,;

« identify acceptance criteria for a completed software product.

NOTE 1 This part of ISO/IEC 9126 can be used in conjunction with ISO/IEC 15504 (which is concerned with the
software process assessment) to provide:

« aframework for software product quality definition in the customer-supplier process;

© ISO/IEC 2001 — All rights reserved 1
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« support for review, verification and validation, and a framework for quantitative quality evaluation, in the
support process;

« support for setting organisational quality goals in the management process.

NOTE 2 This part of ISO/IEC 9126 can be used in conjunction with ISO/IEC 12207 (which is concerned with the
software lifecycle) to provide:

» aframework for software product quality requirements definition in the primary lifecycle process;

» support for review, verification and validation in supporting lifecycle processes.

NOTE 3 This part of ISO/IEC 9126 can be used in conjunction with ISO 9001 (which is concerned with qu
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are product quality requirement, specification or evaluation that conforms to this par
D126 shall either use the characteristics and subcharacteristics-from clauses 6 and 7, gi\
hs for any exclusions, or describe its own categorisation of software product quality attriby
le a mapping to the characteristics and subcharacteristics'in clauses 6 and 7.

e product quality requirement or specification that contains metrics used for comparison s
ther the metrics have the properties specified in A4.

mative reference

of this part of ISO/IEC 9126()For dated references, subsequent amendments to,
pf, any of these publications do.not apply. However, parties to agreements based on this |
C 9126 are encouraged to.investigate the possibility of applying the most recent editior]
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hal Standards.

14598-1:1999 \Information technology — Software product evaluation — Part 1: Gensg

ms and definitions
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For the purpoSES of all parts of ISO/IEC 9126, the following definition and the definitions contamed in
ISO/IEC 14598-1 apply.

NOTE  The definitions contained in ISO/IEC 14598-1 are reproduced in informative annex B.

4.1
level of p

erformance

the degree to which the needs are satisfied, represented by a specific set of values for the quality
characteristics

© ISO/IEC 2001 — All rights reser
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5 Quality model framework

This clause describes a quality model framework which explains the relationship between different
approaches to quality. A specific implementation of this quality model is given in clauses 6 and 7.5.1.

5.1 Approaches to quality

process software product effect of software
product

-

influences

influences influences

internal external quality in

rocess d :
guality quality quality use
depends on'\ Atributes epends of attributes 7 o onds o attributes A, contexts
of use
process internal external quality in use
measures measures measures measures

Figure 2 - Quality in the lifecycle

Usér quality needs include requirements for quality in usenn specific contexts of use. These|identified
needs can be used when specifying external and {dntérnal quality using software prodyct quality
characteristics and subcharacteristics.

Evaluation of software products in order to satisfy’software quality needs is one of the procegses in the
soffware development lifecycle. Software product quality can be evaluated by measuring internal
attnibutes (typically static measures of intermediate products), or by measuring external |attributes
(typically by measuring the behaviour 0f“the code when executed), or by measuring quality in use
attnibutes. The objective is for the product to have the required effect in a particular context of use
(Figure 2).

Prdcess quality (the quality 6f any of the lifecycle processes defined in ISO/IEC 12207) confributes to
imgroving product quality, and product quality contributes to improving quality in use. Therefore,
asgessing and improving*a process is a means to improve product quality, and evalupting and
improving product quality is one means of improving quality in use. Similarly, evaluating quglity in use
can provide feedbaek'to improve a product, and evaluating a product can provide feedback tp improve
a process.

=

Appropriatetiaternal attributes of the software are a pre-requisite for achieving the required external
behaviaur,~and appropriate external behaviour is a pre-requisite for achieving quality in use (fFigure 2).

Th raguiramants faor caftara nradiiet anabinng il aanarallhy melihida accacomant oritarig frr Internal
e—eqgHrerets—e—SoHthare—proatet Gty —Wwh—ge e ey et —aSSesSsHheRt—erteHa—0

quality, external quality and quality in use, to meet the needs of developers, maintainers, acquirers
and end users. (See ISO/IEC 14598-1:1999, clause 8.)

5.2 Product quality and the lifecycle

The views of internal quality, external quality and quality in use change during the software lifecycle.
For example, quality specified as quality requirements at the start of the lifecycle 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 lifecycle.

© ISO/IEC 2001 — All rights reserved 3
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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.

Measurement scales for the metrics used for quality requirements can be divided intao categaries
corresporyding to different degrees of satisfaction of the requirements. For example, the scalecquld
be divided into two categories: unsatisfactory and satisfactory, or into four categories: exceeds
requirements, target, minimally acceptable and unacceptable (see ISO/IEC 14598-1). The(Gategofies
should bq specified so that both the user and the developer can avoid unnecessary cost and schedule
overruns.

There arq different views of product quality and associated metrics at different stages in the softwjare
lifecycle (see Figure 3).

User quality

needs eeaaP | Qualityin use

use and feedback A
contribute to specifying indicates

External
G qguality

validation ’

contribute to specifying indicates

External
quality
requirement

Internal Internal
quality S (PN - quality

requirement

verification

NOTE This figure is a simplified version of ISO/IEC 14598-1:1999 Figure 4, modified to be consistent with
ISO/IEC 9126-1.

Figure 3 - Quality in the software lifecycle

User quality needs can be specified as quality requirements by quality in use metrics, by external
metrics, and sometimes by internal metrics. These requirements specified by metrics should be used
as criteria when a product is validated. Achieving a product which satisfies the user’s needs normally
requires an iterative approach to software development with continual feedback from a user
perspective.

4 © ISO/IEC 2001 — All rights reserved
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NOTE  Guidance on design processes for interactive systems is given in ISO 13407.

External Quality Requirements specify the required level of quality from the external view. They
include requirements derived from user quality needs, including quality in use requirements. External
quality requirements are used as the target for validation at various stages of development. External
quality requirements for all the quality characteristics defined in this part of ISO/IEC 9126 should be
stated in the quality requirements specification using external metrics, should be transformed into
internal quality requirements, and should be used as criteria when a product is evaluated.

Internal Quality Requirements specify the level of required quality from the internal view of the
product. Internal quality requirements are used to specify properties of interim products. These can
include static and dynamic models, other documents and source code. Internal quality requirements
car be used as targets for validation at various stages of development. They can also bg used for
defjning strategies of development and criteria for evaluation and verification during.development.
This may include the use of additional metrics (e.g. for reusability) which are outside’the| scope of
ISQ/IEC 9126. Specific internal quality requirements should be specified quantitatively using internal
mefrics.

Intgrnal quality is the totality of characteristics of the software product from/an internal view. Internal
quality is measured and evaluated against the internal quality requitements. Details off software
product quality can be improved during code implementation, reviewing and testing] but the
fundamental nature of the software product quality represented by nternal quality remains upchanged
unlgss redesigned.

Estimated (or Predicted) External Quality is the quality that is estimated or predicted fgr the end
soffware product at each stage of development for each-quality characteristic, based on knowledge of
thelinternal quality.

External Quality is the totality of characteristics of.the software product from an external viey. It is the
quality when the software is executed, which i§’typically measured and evaluated while tgsting in a
simulated environment with simulated data using external metrics. During testing, most faults should
be [discovered and eliminated. However, some faults may still remain after testing. As it is [difficult to
corfect the software architecture or otherfundamental design aspects of the software, the fundamental
degign usually remains unchanged throughout testing.

Est{imated (or Predicted) Quality in Use is the quality that is estimated or predicted for the end
soffware product at each stage of development for each quality in use characteristic, and |based on
kngwledge of the internal and external quality.

NO[FE  External quality and quality in use can be estimated and predicted during development for epch quality
characteristic defined. in this part of ISO/IEC 9126 when proper technologies are developed. Howgver as the
curfent state of the‘art does not provide all the support necessary for the purposes of prediction, more fechnology
shopld be developed to show the co-relation between internal quality external quality and quality in use.

Quplity in-Wse is the user’'s view of the quality of the software product when it is used in fa specific
enyironment and a specific context of use. It measures the extent to which users can achieve their
goals.n a particular environment, rather than measuring the properties of the software itself (quality in
use is defined in clause 7).

NOTE  ‘Users’ refers to any type of intended users, including both operators and maintainers, and their
requirements can be different.

The level of quality in the users' environment may be different from that in the developers'
environment, because of differences between the needs and capabilities of different users and
differences between different hardware and support environments. The user evaluates only those
attributes of software, which are used for his tasks. Sometimes, software attributes specified by an
end user during the requirements analysis phase, no longer meet the user requirements when the
product is in use, because of changing user requirements and the difficulty of specifying implied
needs.

© ISO/IEC 2001 — All rights reserved 5
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5.3 Items to be evaluated

ltems can be evaluated by direct measurement, or indirectly by measuring their consequences. For
example, a process may be assessed indirectly by measuring and evaluating it's product, and a
product may be evaluated indirectly by measuring the task performance of a user (using quality in use
metrics).

Software never runs alone, but always as part of a larger system typically consisting of other software
products with which it has interfaces, hardware, human operators, and workflows. The completed
software product can be evaluated by the levels of the chosen external metrics. These metrics
describe its interaction with its environment, and are assessed by observing the software in operation.
Qua"ty inuse_can be measured h\]/ the extent to which a prndllr\f used h\]/ cpnr‘ifinrl users-meets-their
needs to|achieve specified goals with effectiveness, productivity, safety and satisfaction. This |will
normally be complemented by measures of more specific software product quality characteristjcs,
which is dlso possible earlier in the development process.

At the eprliest stages of development, only resources and process can be measured. When
intermediate products (specifications, source code, etc.) become available, these can be evaluated by
the leveld| of the chosen internal metrics. These metrics can be used to predict values of the extefnal
metrics. They may also be measured in their own right, as essential pre-requisites for external qualty.

A further fistinction can be made between the evaluation of a software _product and the evaluatiof of
the system in which it is executed.

NOTE 1 [or example, the reliability of a system is assessed by observing all failures due to whatever cause
(hardware software, human error, etc.), whereas the reliability of the-software product is assessed by extracting
from the |observed failures only those that are due to faults”)(eriginating from requirements, design or
implementgation) in the software.

Also, whdre the boundary of the system is judged to be, depends upon the purpose of the evaluatfon,
and upon|who the users are.

NOTE 2 Kor example, if the users of an aircraft with’a’ computer-based flight control system are taken to be|the
passengerp, then the system upon which they depend includes the flight crew, the airframe, and the hardware
and softwgre in the flight control system, wher€as if the flight crew are taken to be the users, then the system
upon which they depend consists only of the @irframe and the flight control system.

5.4 Usfing a quality model

Software product quality shouldibe evaluated using a defined quality model. The quality model shquld
be used when setting quality.goals for software products and intermediate products. Software product
quality should be hierarchically decomposed into a quality model composed of characteristics and
subcharagteristics which ‘can be used as a checklist of issues related to quality. Clauses 6 and 7
define a |hierarchical quality model (although other ways of categorising quality may be mpore
appropriate in pattictlar circumstances).

It is not praetically possible to measure all internal and external subcharacteristics for all parts ¢f a
Iarge sortwate pluu'uut. Stmitat :y tt—ts—rot uauq“y plautiua: tomeastre qua“ty trrtse—for—att oSS ble
user-task scenarios. Resources for evaluation need to be allocated between the different types of
measurement dependent on the business objectives and the nature of the product and design
processes.

6 © ISO/IEC 2001 — All rights reserved
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This clause defines the quality model for external and internal quality. It categorises software quality
attributes into six characteristics (functionality, reliability, usability, efficiency, maintainability and
portability), which are further subdivided into subcharacteristics (Figure 4). The subcharacteristics can
be measured by internal or external metrics.
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I | | | |
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accuracy fault tolerance Ieamability Changeability instal Iablllty
teroperability recoverability operability resource stability co-ekistence
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Examples of external metrics ar€ given in ISO/IEC 9126-2.
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Figure 4 — Quality model forexternal and internal quality

initions are given for each quality characteristic and the subcharacteristics of the softw
lences the quality characteristic. For each characteristic and subcharacteristic, the capabh
'ware is determined by a set of interial attributes which can be measured. Examples
frics are given in ISO/IEC 9126-3. The characteristics and subcharacteristics can be
brnally by the extent to which thé capability is provided by the system containing the

TE 1 There is a compliance Subcharacteristic for all characteristics, as the principles are generally,
Il the internal and external quality characteristics.
TE 2 Some of the) Characteristics in this part of ISO/IEC 9126 relate to dependability. Dej

racteristics are defined for all types of systems in IEC 50-191, and where a term in this part of 1SC
so defined imIEC 50-191, the definition given is broadly compatible.

Fuactionality

are which
ility of the
pf internal
measured
software.

applicable

pendability
/IEC 9126

The

 ‘capability of the software product to provide functions which meet stated and implied ne

eds when

the

software 1S used under specitied conditions.

NOTE 1 This characteristic is concerned with what the software does to fulfii needs, whereas the other

cha

racteristics are mainly concerned with when and how it fulfils needs.

NOTE 2 For the stated and implied needs in this characteristic, the note to the definition of quality in B.21

app

lies.

NOTE 3 For a system which is operated by a user, the combination of functionality, reliability, usability and
efficiency can be measured externally by quality in use (see clause 7).
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6.1.1 Suitability

The capability of the software product to provide an appropriate set of functions for specified tasks and
user objectives.

NOTE 1 Examples of appropriateness are task-oriented composition of functions from constituent sub-functions,
and capacities of tables.

NOTE 2 Suitability corresponds to suitability for the task in ISO 9241-10.
NOTE 3 Suitability also affects operability.

6.1.2 Ageetracy

The capability of the software product to provide the right or agreed results or effects with the~needed
degree offprecision.

6.1.3

nteroperability

The capabpility of the software product to interact with one or more specified systems.

NOTE Interoperability is used in place of compatibility in order to avoid possiblesambiguity with replacealility
(see 6.6.4).

6.1.4 Segurity

The capability of the software product to protect information and.data so that unauthorised persong or
systems ¢annot read or modify them and authorised persoefistor systems are not denied access to
them.

[ISO/IEC [12207:1995]
NOTE 1 This also applies to data in transmission.

NOTE 2 $afety is defined as a characteristic of-quality in use, as it does not relate to software alone, but fo a
whole system.

6.1.5 Functionality compliance

The capability of the software product to adhere to standards, conventions or regulations in laws and
similar prescriptions relatingto-functionality.

6.2 Reliability

The capability of the software product to maintain a specified level of performance when used under
specified conditions.

NOTE 1 \Ved or ageing does not occur in software. Limitations in reliability are due to faults in requirements,
design, ant ;IIIP:CIIICIIth;UII. Faittres-due-to-these-fattts u'cpcnd onthe way the-software pludubt ts-tsed-and the

program options selected rather than on elapsed time.

NOTE 2 The definition of reliability in ISO/IEC 2382-14:1997 is "The ability of functional unit to perform a
required function...". In this document, functionality is only one of the characteristics of software quality.
Therefore, the definition of reliability has been broadened to "maintain a specified level of performance..." instead
of "...perform a required function".

6.2.1 Maturity

The capability of the software product to avoid failure as a result of faults in the software.

8 © ISO/IEC 2001 — All rights reserved
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2 Fault tolerance

The capability of the software product to maintain a specified level of performance in cases of software
faults or of infringement of its specified interface.

NOTE  The specified level of performance may include fail safe capability.

6.2.

3 Recoverability

The capability of the software product to re-establish a specified level of performance and recover the
data directly affected in the case of a failure.
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E I Following a failure, a software product will somefimes be down for a certain period of tme, th
Ch is assessed by its recoverability.

TE 2 Availability is the capability of the software product to be in a state to perform a required fu
n point in time, under stated conditions of use. Externally, availability can be assessed“by the pr
| time during which the software product is in an up state. Availability is therefore acombination
ch governs the frequency of failure), fault tolerance and recoverability (which governssthe length of
wing each failure). For this reason it has not been included as a separate subcharacteristic.

4  Reliability compliance

b capability of the software product to adhere to standards, cohventions or regulations
hbility.

Usability

b capability of the software product to be understeed, learned, used and attractive to the u
d under specified conditions.

TE 1 Some aspects of functionality, reliability<and efficiency will also affect usability, but for the p
/IEC 9126 they are not classified as usability.

TE 2 Users may include operators, end.users and indirect users who are under the influence of or
he use of the software. Usability should address all of the different user environments that the so
ct, which may include preparation forusage and evaluation of results.

1 Understandability

b capability of the_seftware product to enable the user to understand whether the s
able, and how it.can’be used for particular tasks and conditions of use.

TE  This wilkdépend on the documentation and initial impressions given by the software.
2 Learnability

p capability of the software product to enable the user to learn its application.

e length of

nction at a
pportion of
of maturity
down time

elating to

ser, when

urposes of

dependent
tware may

bftware is

NOTE  The internal attributes correspond to suitability for learning as defined in ISO 9241-10.

6.3

.3 Operability

The capability of the software product to enable the user to operate and control it.

NOTE 1 Aspects of suitability, changeability, adaptability and installability may affect operability.

NOTE 2 Operability corresponds to controllability, error tolerance and conformity with user expectations as

defi

ned in 1ISO 9241-10.

NOTE 3 For a system which is operated by a user, the combination of functionality, reliability, usability and
efficiency can be measured externally by quality in use.
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6.3.4 Attractiveness

The capability of the software product to be attractive to the user.

NOTE This refers to attributes of the software intended to make the software more attractive to the user, such
as the use of colour and the nature of the graphical design.

6.3.5 Usability compliance

The capability of the software product to adhere to standards, conventions, style guides or regulations
relating to usability.

6.4 Efficiency

The capapility of the software product to provide appropriate performance, relative to the amounf of
resourceq used, under stated conditions.

NOTE 1 [Resources may include other software products, the software and hardware configuration of [the
system, arld materials (e.g. print paper, diskettes).

NOTE 2 [or a system which is operated by a user, the combination of functionality,-teliability, usability fpnd
efficiency ¢an be measured externally by quality in use.

6.4.1 Tjme behaviour

The capdbility of the software product to provide appropriate response and processing times and
throughpyt rates when performing its function, under stated conditions.

6.4.2 Resource utilisation

The capapility of the software product to use appropriate amounts and types of resources when [the
software performs its function under stated conditions:

NOTE HHuman resources are included as part of praductivity (7.1.2).

6.4.3 Efficiency compliance

The capabpility of the software product.to adhere to standards or conventions relating to efficiency.
6.5 Mdintainability

The capability of the software product to be modified. Modifications may include correctigns,
improvenlents or adaptation of the software to changes in environment, and in requirements and

functional specifications.

6.5.1 Alnalysability

The capdbility of the software product to be diagnosed for deficiencies or causes of failures in fthe
software, or for the parts to be modified to be identified.

6.5.2 Changeability

The capability of the software product to enable a specified modification to be implemented.
NOTE 1 Implementation includes coding, designing and documenting changes.

NOTE 2 If the software is to be modified by the end user, changeability may affect operability.

6.5.3 Stability

The capability of the software product to avoid unexpected effects from modifications of the software.
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6.5.4 Testability

The capability of the software product to enable modified software to be validated.

6.5.5 Maintainability compliance

The capability of the software product to adhere to standards or conventions relating to maintainability.
6.6 Portability

The capability of the software product to be transferred from one environment to another.

NO[FE  The environment may include organisational, hardware or software environment.
6.6|1 Adaptability

The capability of the software product to be adapted for different specified cenvironments without
applying actions or means other than those provided for this purpose for the software considered.

NO[TE 1 Adaptability includes the scalability of internal capacity (e.g. screen fields, tables, transactiop volumes,
repprt formats, etc.).

NO[TE 2 If the software is to be adapted by the end user, adaptability corresponds to suitability for
indilvidualisation as defined in ISO 9241-10, and may affect operability.

6.6|2 Installability
The capability of the software product to be installed irfa Specified environment.

NO[TE  If the software is to be installed by an endxuser, installability can affect the resulting suitability and
opdrability.

6.6|3 Co-existence

The capability of the software product to co-exist with other independent software in al common
enyironment sharing common resouees.

6.6|4 Replaceability

The capability of the software product to be used in place of another specified software prodtict for the
same purpose in the same environment.

NOJTE 1 For example, the replaceability of a new version of a software product is important to the juser when
updrading.

NO[TE 2 Reptaceability is used in place of compatibility in order to avoid possible ambiguity with intefoperability
(se¢ 6.1(3);

NOIE3 Dnr\l:r‘n:\hilihjl may include attributes of both inc‘rnllnhility and Qdﬂpfﬂhilif\][ The concept has been
introduced as a subcharacteristic of its own because of its importance.

6.6.5 Portability compliance

The capability of the software product to adhere to standards or conventions relating to portability.
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7 Quality model for quality in use

This clause defines the quality model for quality in use. The attributes of quality in use are categorised
into four characteristics: effectiveness, productivity, safety and satisfaction (Figure 5).

quality in
use

Quality in
necessary

(Figure 2).

measures
meeting
achieving
4.

7.1 QU

The cap4g
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NOTE 1
from the rg

NOTE 2 1
include thg

NOTE 3

ISO/IEC 9
usability, v
attractiven

711 H

The capa|

I I I I
‘ effectiveness H productivity H safety H satisfaction |

Figure 5 - Quality model for quality in use
use is the user’'s view of quality. Achieving quality in use is dependent on achieving

external quality, which in turn is dependent on achieving the)necessary internal qué
Measures are normally required at all three levels, as”’meeting criteria for inte

Criteria for external measures of subcharacteristics/is “not usually sufficient to eng
criteria for quality in use. Examples of quality in use metrics are given in ISO/IEC TR 91

ality in use

bility of the software product to enable ‘specified users to achieve specified goals V
ess, productivity, safety and satisfactiofin specified contexts of use.

Puality in use is the user's view of the guality of an environment containing software, and is meast
sults of using the software in the environment, rather than properties of the software itself.

'he definition of quality in us€e n*ISO/IEC 14598-1 (which is reproduced in annex B) does not curre
new characteristic of “safety™

126. Quality in usé may be influenced by any of the quality characteristics, and is thus broader t
Vhich is defined\ in“this part of ISO/IEC 9126 in terms of understandability, learnability, operab
bss and compliance.

ffectiveness

bility of the software product to enable users to achieve specified goals with accuracy

the
ity
nal

is not usually sufficient to ensure achievement of critéria for external measures, and

ure
26-

vith

red

ntly

Usability is defined iSO 9241-11 in a similar way to the definition of quality in use in this paft of

han
lity,

hnd

complete

712 P

H B ifiadl iasdt of 1o
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roductivity

The capability of the software product to enable users to expend appropriate amounts of resources in
relation to the effectiveness achieved in a specified context of use.

NOTE Relevant resources can include time to complete the task, the user’s effort, materials or the financial
cost of usage.

12
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7.1.3 Safety

The capability of the software product to achieve acceptable levels of risk of harm to people, business,
software, property or the environment in a specified context of use.

NOTE Risks are usually a result of deficiencies in the functionality (including security), reliability, usability or
maintainability.

7.1.4 Satisfaction

The capability of the software product to satisfy users in a specified context of use.

NOFE——Satisfaction 15 the USEr'S TESPONSE (0 MEracton with the product, and nciudes attitudes towgrds use of
the |product.
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Annex A
(normative)

Metrics

A.1 Software metrics

Al1l

The levels of certain internal attributes have been found to influence the levels of some-~exte

Internal and external attributes

nal

attributes| so that there is both an external aspect and an internal aspect to most characteristics. For

example, [reliability may be measured externally by observing the number of failures in a'given pe

iod

of executfon time during a trial of the software, and internally by inspecting the detailedyspecificatipns
and sourge code to assess the level of fault tolerance. The internal attributes are saidito be indicators
of the external attributes. An internal attribute may influence one or more characteristics, anfl a

character|stic may be influenced by more than one attribute (Figure A.1). In.this model the totality

of

software product quality attributes are classified in a hierarchical tree structuke of characteristics and

subcharagteristics. The highest level of this structure consists of quality characteristics and the low

est

level consists of software quality attributes. The hierarchy is not perfect, as some attributes may

contributgd to more than one subcharacteristic.

Subcharagteristics can either be measured by internal metrics or by external metrics.

~ ~subcharacteristic”

~ > ~characteristic -

internal attributes external attributes

Figure A.1 - Quality characteristics, subcharacteristics and attributes

The correlation between internal attributes and external measures is never perfect, and the effect that
a given internal attribute has upon an associated external measure will be determined by experience,
and will depend on the particular context in which the software is used.

In the same way, external properties (such as suitability, accuracy, fault tolerance or time behaviour)
will influence the observed quality. A failure in quality in use (e.g. the user cannot complete the task)
can be traced to external quality attributes (e.g. suitability or operability) and the associated internal
attributes which have to be changed.

14
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A.1.2 Internal metrics

Internal metrics can be applied to a non-executable software product (such as a specification or
source code) during designing and coding. When developing a software product the intermediate
products should be evaluated using internal metrics which measure intrinsic properties, including
those which can be derived from simulated behaviour. The primary purpose of these internal metrics
is to ensure that the required external quality and quality in use is achieved: examples are given in
ISO/IEC 9126-3. Internal metrics provide users, evaluators, testers, and developers with the benefit
that they are able to evaluate software product quality and address quality issues early before the
software product becomes executable.

Internal metrics measure internal attributes or indicate external attributes by analysis of the static
properties of the intermediate or deliverable software products. The measurements of intetnjal metrics
usg numbers or frequencies of software composition elements which appear for example ¢n source
code statements, the control graph, data flow and state transition representations.

NO[FE  Documentation can also be evaluated using internal metrics.
A.1.3 External metrics

External metrics use measures of a software product derived from measures of the behavipur of the
sygtem of which it is a part, by testing, operating and observing the\executable software qr system.
Before acquiring or using a software product it should be evaluated“using metrics based on| business
objgectives related to the use, exploitation and management of the product in a specified orggnisational
and technical environment. These are primarily external metrics: examples are given irp ISO/IEC
9126-2. External metrics provide users, evaluators, testers, and developers with the benefit that they
arel able to evaluate software product quality during testing or operation.

A.1.4 Relationship between internal and external metrics

WHhen the software product quality requirements are defined, the software produgt quality
characteristics or subcharacteristics whichcontribute to the quality requirements are listed. [Then, the
appropriate external metrics and acceptable ranges are specified to quantify the quality crite¢ria which
valldate that the software meets the_user needs. The internal quality attributes of the softfware are
theh defined and specified to plan tefinally achieve the required external quality and quality ih use and
to puild them into the product-during development. Appropriate internal metrics and acceptable
ranges are specified to quantify.the internal quality attributes so that they can be used for verjfying that
thelintermediate software meets the internal quality specifications during the development.

It i recommended thatythe internal metrics are used which have as strong a relation as pogsible with
the| target external_metrics, so that they can be used to predict the values of externgl metrics.
However, it is .generally difficult to design a rigorous theoretical model which provides|a strong
relationship between internal and external metrics.

A.2 Quality in use metrics

Quality’in use metrics 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 . Evaluating quality in use validates software product quality in specific user-task scenarios.

NOTE ISO/IEC FDIS 14598-6 Annex D, contains an informative example of a quality in use evaluation
module.

Quality in use is the user's view of the quality of a system containing software, and is measured in
terms of the result of using the software, rather than properties of the software itself. Quality in use is
the combined effect of internal and external quality for the user.

The relationship of quality in use to the other software product quality characteristics depends on the
type of user:

© ISO/IEC 2001 — All rights reserved 15
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* the end user for whom quality in use is mainly a result of functionality, reliability, usability and
efficiency;

« the person maintaining the software for whom quality in use is a result of maintainability;

« the person porting the software for whom quality in use is a result of portability.

A3 Ch

oice of metrics and measurement criteria

The basis on which the metrics are selected will depend on the business goals for the product and the

needs of the evaluator. Needs are specified by criteria for measures. The model in this part of

ISO/IEC 926-suppersa-varetyofevaluatonteguirermentsHoroxample:

e auser|or a user’s business unit could evaluate the suitability of a software product using metricq for
qualityl in use;

e an acquirer could evaluate a software product against criterion values of external measureg of
functignality, reliability, usability and efficiency, or of quality in use;

* a mairtainer could evaluate a software product using metrics for maintainability;

e a pergon responsible for implementing the software in different eaviconments could evaluate a
software product using metrics for portability;

« a developer could evaluate a software product against criterion values using internal measure$ of

any of

NOTE [
criteria for

A4 Mg

When ref
or with cr,
of known

Reliable

rigorous metrics are used. Measurement procedures should measure the software product qua

character
to be set
caused by

Metrics u
be made
reproduci

the quality characteristics.

Software product evaluation.
trics used for comparison
orting the results of the use of quantitative metrics to make comparisons between produ
terion values, the report shall state whether the metrics are objective, empirical using itg
value, and reproducible.

comparisons, either between products or with criterion values, can only be made w
stic (or subcharacteristic) they claim to be measuring with sufficient accuracy to allow crit

measurement tools or human error.

sed for comparisons should be valid and sufficiently accurate to allow reliable comparison

ple.

SO/IEC 14598-1 provides requirements and guidanee*for the choice of metrics and measurement

cts
ms

nen
ity
Bria

and comparisons te’be made. Allowance should be made for possible measurement erfors

5 to

This-means that measurements should be objective, empirical using a valid scale, and

« To be

opjective, there shall be a WIIten and agreed proceaure 10r assigning the numoe

category to the attribute of the product.

or

e To be empirical, the data shall be obtained from observation or a psychometrically-valid
questionnaire.

« To use a valid scale, the data shall be based on items of equal value or of a known value.

checkl

ist is used to provide data, the items should if necessary be weighted.

If a

e To be reproducible, the procedures for measurement shall result in the same measures (within
appropriate tolerances) being obtained by different persons making the same measurement of the
software product on different occasions.
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Internal metrics should also have predictive validity, that is they should correlate with some desired
external measures. For example an internal measure of a particular software attribute should
correlate with some measurable aspect of quality when the software is used. It is important that
measurements assign values which coincide with normal expectations; for example if the
measurement suggests that the product is of high quality then this should be consistent with the
product satisfying particular user needs.
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Annex B
(informative)

Definitions from other standards

Definitions are from ISO/IEC 14598-1:1999 unless otherwise indicated.

B.1

acquirer
an organ
supplier

[ISO/IEC

B.2
attribute

a measur
NOTE A

B.3
develope

an organi
through a

[ISO/IEC

B.4
direct me

a measur

B.5

sation that acquires or procures a system, software product or software service.fror

12207:1995]

hble physical or abstract property of an entity
\ttributes can be internal or external.
r

sation that performs development activities (including requirements analysis, design, tes
cceptance) during the software lifecycle process

12207:1995]

asure
b of an attribute that does not depend upon a measure of any other attribute

evaluation module

a packags

NOTE T
and collect

B.6
external

an indired

e of evaluation technolegy for a specific software quality characteristic or subcharacteristic

he package includesevaluation methods and techniques, inputs to be evaluated, data to be meast
ed and supporting.procedures and tools.

neasure
t measure of a product derived from measures of the behaviour of the system of which it

part

ing

red

sa

NOTE 1 The system includes any associated hardware, software (either custom software or off-the-shelf
software) and users.

NOTE 2 The number of failures found during testing is an external measure of the number of faults in the
program because the number of failures are counted during the operation of a computer system running the

program.

NOTE 3 External measures can be used to evaluate quality attributes closer to the ultimate objectives of the

design.
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B.7
external quality

the extent to which a product satisfies stated and implied needs when used under specified conditions

B.8
failure

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

B.9
fault

an meanreact ot e ac or data
TCOMTC T STC PO PTrottos U tat

daefinitionin-a-caotantornrackeara
oo o COTTP ot T orogrant

NOJ'E This definition is taken from IEEE 610.12-1990.

B.10
implied needs
negds that may not have been stated but are actual needs when the entity”is used in |particular

cornditions
NOJFE  Implied needs are real needs which may not have been documented.

B.11
indlicator

a measure that can be used to estimate or predict anotherimeasure
NO[TE 1 The predicted measure may be of the same or a different software quality characteristic.

NO[JTE 2 Indicators may be used both to estimate software quality attributes and to estimate attriblites of the
development process. They are imprecise indirect méasures of the attributes.

B.12
indirect measure
a measure of an attribute that is derivedfrom measures of one or more other attributes

NO[FE  An external measure of an‘attribute of a computing system (such as the response time to user input) is
an Indirect measure of attributes-ofsthe software as the measure will be influenced by attributes of the|computing
envfronment as well as attributes.of the software.

B.13
intermediate software’product

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

NO[TE ,_.In-Some cases an intermediate product may also be an end product.

B.14
internal measure

a measure of the product itself, either direct or indirect

NOTE  The number of lines of code, complexity measures, the number of faults found in a walk through and
the Fog Index are all internal measures made on the product itself.

B.15
internal quality

the totality of attributes of a product that determine its ability to satisfy stated and implied needs when
used under specified conditions

NOTE 1 The term “internal quality”, used in ISO/IEC 14598 to contrast with “external quality”, has essentially the
same meaning as “quality” in ISO 8402.
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