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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
IT-015, Software and Systems Engineering.

This Standard 1s identical with, and has been reproduced from, ISO/IEC TR 9126-2:2003,
Software engineering—Product qualities, Part 2: External metrics.

The objective of this Standard 1s that users of this Technical Report can select or modify and
apply metrics and measures from this Technical Report or may define application-specific
metrics for their individual application domain.

This Standard 1s Part 2 of AS/NZS ISO/IEC 9126, Software engineering—Product quality,
which 1s published in parts as follows:

Part 1: Quality model

Part 2: External metrics (this Standard)
Part 3: Internal metrics

Part 4: Quality in use metrics

The term “informative” has been used in this Standard to define the application of the annex to
which it applies. An “informative’ annex 1s only for information and guidance.

As this Standard is reproduced from an international standard, the following applies:

(a) [ts number appears on the cover and title page while the international standard number
appears only on the cover

(b) In the source text ‘this Technical Report™ should read ‘this Australian/New Zealand
Standard’.

(c) A full point substitutes for a comma when referring to a decimal marker.

References to International Standards should be replaced by references to Australian or
Australian/New Zealand Standards, as follows:

Reference to International Standard Australian/New Zealand Standard

[SO/IEC AS/NZS

9126 Software engineering—Product 9126 Software engineering—Product
quality quality

9126-1 Part 1: Quality model 9126.1 Part 1: Quality model

9126-3  Part 3: Internal metrics 9126.3 Part 3: Internal metrics

9126-4  Part 4: Quality in use metrics 9126.4 Part 4: Quality in use metrics

14598 Information technology—Software 14598 Information technology—Software
product evaluation product evaluation

14598-1 Part 1: General overview 14598.1 Part 1: General overview

14598-2 Part 2: Planning and management 14598.2 Part 2: Planning and management

14598-3 Part 3: Process for developers 14598.3  Part 3: Process for developers

14598-4 Part 4: Process for acquires 14598.4  Part 4: Process for acquires

14598-5 Part 5: Process for evaluators 14598.5 Part 5: Process for evaluators

14598-6 Part 6: Documentation of evaluation 14598.6 Part 6: Documentation of evaluation

modules modules



ISO/IEC
12207

[ISO/TEC
14145

[4145-1]
ISO/IEC
2382
2382-20

Information technology—Software life
cycle processes

Information technology—Software
measurement—Functional size
measurement

Part 1: Definition of concepts

Information technology—Vocabulary

Part 20: System development

AS/NZS ISO/IEC

12207

AS/NZS
141435

14143.1
AS

| 189
1189.20

Software life

Information technology
cycle processes

Information technology—Software
measurement—Functional size
measurement

Part 1: Definition of concepts

Information technology—Vocabulary

Part 20: System development

Only international references that have been adopted as Australian or Australian/New Zealand
Standards have been listed.
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INTRODUCTION

This Technical Report provides external metrics for measuring attributes of six external quality characteristics
defined in ISO/IEC 9126-1. The metrics listed in this Technical Report are not intended to be an exhaustive
set. Developers, evaluators, quality managers and acquirers may select metrics from this Technical Report for
defining requirements, evaluating software products, measuring quality aspects and other purposes. They
may also modify the metrics or use metrics which are not included here. This Technical Report is applicable to
any kind of software product, although each of the metrics is not always applicable to every kind of software
product.

ISO/IEC 9126-1 defines terms for the software quality characteristics and how these characteristics are
decomposed into subcharacteristics. ISO/IEC 9126-1, however, does not describe how any of these
subcharacteristics could be measured. ISO/IEC TR 9126-2 defines external metrics, ISO/IEC TR 9126-3
defines internal metrics and ISO/IEC 9126-4 defines quality in use metrics, for measurement of the
characteristics or the subcharacteristics. Internal metrics measure the software itself, external metrics
measure the behaviour of the computer-based system that includes the software, and quality in use metrics
measure the effects of using the software in a specific context of use.

This Technical Report is intended to be used together with ISO/IEC 9126-1. It is strongly recommended to
read ISO/IEC 14598-1 and ISO/IEC 9126-1, prior to using this Technical Report, particularly if the reader is
not familiar with the use of software metrics for product specification and evaluation.

Clauses1 to 7 and Annexes A to D are common to ISO/IEC TR 9126-2, ISO/IEC TR 9126-3, and
ISO/IEC 9126-4.
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AUSTRALIAN/NEW ZEALAND STANDARD

Software engineering — Product quality —

Part 2:
External metrics

1

Scope

This Technical Report defines external metrics for quantitatively measuring external software quality in terms
of characteristics and subcharacteristics defined in ISO/IEC 9126-1, and is intended to be used together with
ISO/IEC 9126-1.

This Technical Report contains:

an explanation of how to apply software quality metrics
a basic set of metrics for each subcharacteristic

an example of how to apply metrics during the software product life cycle

This Technical Report does not assign ranges of values of these metrics to rated levels or to grades of
compliance, because these values are defined for each software product or a part of the software product, by
its nature, depending on such factors as category of the software, integrity level and users' needs. Some
attributes may have a desirable range of values, which does not depend on specific user needs but depends
on generic factors; for example, human cognitive factors.

This Technical Report can be applied to any kind of software for any application. Users of this Technical
Report can select or modify and apply metrics and measures from this Technical Report or may define
application-specific metrics for their individual application domain. For example, the specific measurement of
quality characteristics such as safety or security may be found in International Standards or Technical Reports
provided by IEC 65 and ISO/IEC JTC 1/SC 27.

Intended users of this Technical Report include:

Acquirer (an individual or organization that acquires or procures a system, software product or software
service from a supplier);

Evaluator (an individual or organization that performs an evaluation. An evaluator may, for example, be a
testing laboratory, the quality department of a software development organization, a government
organization or a user);

Developer (an individual or organization that performs development activities, including requirements
analysis, design, and testing through acceptance during the software life cycle process);

Maintainer (an individual or organization that performs maintenance activities);

Supplier (an individual or organization that enters into a contract with the acquirer for the supply of a
system, software product or software service under the terms of the contract) when validating software
quality at qualification test;

User (an individual or organization that uses the software product to perform a specific function) when
evaluating quality of software product at acceptance test;

Quality manager (an individual or organization that performs a systematic examination of the software
product or software services) when evaluating software quality as part of quality assurance and quality
control.

COPYRIGHT



2 Conformance

There are no conformance requirements in this Technical Report.

NOTE  General conformance requirements for metrics are in ISO/IEC 9126-1 Quality model.

3 Normative references

ISO/IEC 9126-1:2001, Software engineering — Product quality — Part 1: Quality model

ISO/IEC TR 9126-31), Software engineering — Product quality — Part 3: Internal metrics

ISO/IEC 9126-41), Software engineering — Product quality — Part 4: Quality in use metrics

ISO/IEC 14598-1:1999, Information technology — Software product evaluation — Part 1: General overview
ISO/IEC 14598-2:2000, Software engineering — Product evaluation — Part 2: Planning and management
ISO/IEC 14598-3:2000, Software engineering — Product evaluation — Part 3: Process for developers
ISO/IEC 14598-4:1999, Software engineering — Product evaluation — Part 4: Process for acquirers

ISO/IEC 14598-5:1998, Information technology — Software product evaluation — Part 5: Process for
evaluators

ISO/IEC 14598-6:2001, Software engineering — Product evaluation — Part 6: Documentation of evaluation
modules

ISO/IEC 12207:1995, Information technology — Software life cycle processes

ISO/IEC 14143-1:1998, Information technology — Software measurement — Functional size measurement —
Part 1: Definition of concepls

ISO/IEC 2382-20:1990, Information technology — Vocabulary — Part 20: System development

1ISO 9241-10:1996, Ergonomic requirements for office work with visual display terminals (VDTs) — Part 10:
Dialogue principles

4 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 14598-1:1999 and
ISO/IEC 9126-1:2001 apply. They are also listed in Annex D.

5 Abbreviated terms

The following abbreviations are used in this Technical Report:
SQA — Software Quality Assurance (Group)

SLCP — Software Life Cycle Processes

1) To be published.
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6 Use of software quality metrics

These Technical Reports (ISO/IEC TR 9126-2 External metrics, ISO/IEC TR 9126-3 Internal metrics and
ISO/IEC 9126-4 Quality in use metrics) provide a suggested set of software quality metrics (external, internal
and quality in use metrics) to be used with the ISO/IEC 9126-1 Quality model. The user of these Technical
Reports may modify the metrics defined, and/or may also use metrics not listed. When using a modified or a
new metric not identified in these Technical Reports, the user should specify how the metrics relate to the
ISO/IEC 9126-1 quality model or any other substitute quality model that is being used.

The user of these Technical Reports should select the quality characteristics and subcharacteristics to be
evaluated, from ISO/IEC 9126-1; identify the appropriate direct and indirect measures, identify the relevant
metrics and then interpret the measurement result in an objective manner. The user of these Technical
Reports also may select product quality evaluation processes during the software life cycle from the
ISO/IEC 14598 series of standards. These give methods for measurement, assessment and evaluation of
software product quality. They are intended for use by developers, acquirers and independent evaluators,
particularly those responsible for software product evaluation (see Figure 1).

effect of software
software product

product
..""--'\.""\,\. . ,-"'f---..f e, . -~ -
;'/ ~, influences ., influences /
i" internal e external | quality in 1
o quality L aquality L use :§
x“‘h,_ ) A F— \‘h‘ ) PR T— “x. g contexts of
s _ - L o . - - o . = _____.-.___.
— depends on — depends on — use
internal metrics external metrics quality in use

metrics

Figure 1 — Relationship between types of metrics

The internal metrics may be applied to a non-executable software product during its development stages
(such as request for proposal, requirements definition, design specification or source code). Internal metrics
provide the users with the ability to measure the quality of the intermediate deliverables and thereby predict
the quality of the final product. This allows the user to identify quality issues and initiate corrective action as
early as possible in the development life cycle.

The external metrics may be used to measure the quality of the software product by measuring the behaviour
of the system of which it is a part. The external metrics can only be used during the testing stages of the life
cycle process and during any operational stages. The measurement is performed when executing the
software product in the system environment in which it is intended to operate.

The quality in use metrics measure whether a product meets the needs of specified users to achieve specified
goals with effectiveness, productivity, safety and satisfaction in a specified context of use. This can be only
achieved in a realistic system environment.

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 evaluated.

It is recommended to use internal metrics having a relationship as strong as possible with the target external
metrics so that they can be used to predict the values of external metrics. However, it is often difficult to
design a rigorous theoretical model that provides a strong relationship between internal metrics and external
metrics. Therefore, a hypothetical model that may contain ambiguity may be designed and the extent of the
relationship may be modelled statistically during the use of metrics.

Recommendations and requirements related to validity and reliability are given in ISO/IEC 9126-1,

Clause A.4. Additional detailed considerations when using metrics are given in Annex A of this Technical
Report.
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7 How to read and use the metrics tables

The metrics listed in Clause 8 are categorized by the characteristics and subcharacteristics in
ISO/IEC 9126-1. The following information is given for each metric in the table:

a) Metric name: Corresponding metrics in the internal metrics table and external metrics table have similar
names.

b) Purpose of the metric: This is expressed as the question to be answered by the application of the
metric,

c) Method of application: Provides an outline of the application.

d) Measurement, formula and data element computations: Provides the measurement formula and
explains the meanings of the used data elements.

NOTE In some situations more than one formula is proposed for a metric.
e) Interpretation of measured value: Provides the range and preferred values.

f) Metric scale type: Type of scale used by the metric. Scale types used are; Nominal scale, Ordinal scale,
Interval scale, Ratio scale and Absolute scale.

NOTE A more detailed explanation is given in Annex C.

g) Measure type: Types used are; Size type (e.g. Function size, Source size), Time type (e.g. Elapsed time,
User time), Count type (e.g. Number of changes, Number of failures).

NOTE A more detailed explanation is given in Annex C.
h) Input to measurement: Source of data used in the measurement.
1) ISO/IEC 12207 SLCP Reference: Identifies software life cycle process(es) where the metric is applicable.

j) Target audience: Identifies the user(s) of the measurement results.

8 Metrics tables

The metrics listed in this clause are not intended to be an exhaustive set and may not have been validated.
They are listed by software quality characteristics and subcharacteristics, in the order introduced in
ISO/IEC 9126-1.

Metrics, which may be applicable, are not limited to these listed here. Additional specific metrics for particular
purposes are provided in other related documents, such as functional size measurement or precise time
efficiency measurement.

NOTE 1 It is recommended to refer a specific metric or measurement form from specific standards, technical reports or
guidelines. Functional size measurement is defined in ISO/IEC 14143. An example of precise time efficiency
measurement can be referred from ISO/IEC 14756.

Metrics should be validated before application in a specific environment (see Annex A).

NOTE 2 This list of metrics is not finalized, and may be revised in future versions of this Technical Report. Readers of
this Technical Report are invited to provide feedback.
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8.1 Functionality metrics

An external functionality metric should be able to measure an attribute such as the functional behaviour of a
system containing the software. The behaviour of the system may be observed from the following
perspectives:

a) Differences between the actual executed results and the quality requirements specification;

NOTE 1 The quality requirements specification for functionality is usually described as the functional requirements
specification.

b) Functional inadequacy detected during real user operation which is not stated but is implied as a
requirement in the specification.

NOTE 2 When implied operations or functions are detected, they should be reviewed, approved and stated in the
specifications. Their extent to be fulfilled should be agreed.

8.1.1 Suitability metrics

An external suitability metric should be able to measure an attribute such as the occurrence of an unsatisfying
function or the occurrence of an unsatisfying operation during testing and user operation of the system.

An unsatisfying function or operation may be:
a) Functions and operations that do not perform as specified in user manuals or requirement specification.

b) Functions and operations that do not provide a reasonable and acceptable outcome to achieve the
intended specific objective of the user task.

8.1.2 Accuracy metrics

An external accuracy metric should be able to measure an attribute such as the frequency of users
encountering the occurrence of inaccurate matters which includes:

a) Incorrect or imprecise result caused by inadequate data; for example, data with too few significant digits for
accurate calculation;

b) Inconsistency between actual operation procedures and described ones in the operation manual;

c) Differences between the actual and reasonable expected results of tasks performed during operation.

8.1.3 Interoperability metrics
An external interoperability metric should be able to measure an attribute such as the number of functions or

occurrences of less communicativeness involving data and commands, which are transferred easily between
the software product and other systems, other software products, or equipment which are connected.

8.1.4 Security metrics

An external security metric should be able to measure an attribute such as the number of functions with, or
occurrences of security problems, which are:

a) Failing to prevent leak of secure output information or data;
b) Failing to prevent loss of important data;

c) Failing to defend against illegal access or illegal operation.
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NOTE 1 It is recommended that penetration tests be performed to simulate attack, because such a security attack does
not normally occur in the usual testing. Real security metrics may only be taken in “real life system environment’, that is
“quality in use”.

NOTE 2 Security protection requirements vary widely from the case of a stand-alone-sysiem to the case of a system
connected to the Internet. The determination of the required functionality and the assurance of their effectiveness have

been addressed extensively in related standards. The user of this standard should determine security functions using
appropriate methods and standards in those cases where the impact of any damage caused is important or critical. In the
other case the user may limit his scope to generally accepted “Information Technology (IT)" protection measures such as

virus protection backup methods and access control.

8.1.5 Functionality compliance metrics
An external functionality compliance metric should be able to measure an attribute such as the number of

functions with, or occurrences of compliance problems, which are the software product failing to adhere to
standards, conventions, contracts or other regulatory requirements.
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8.2 Reliability metrics
An external reliability metric should be able to measure attributes related to the behaviours of the system of

which the software is a part during execution testing to indicate the extent of reliability of the software in that
system during operation. Systems and software are not distinguished from each other in most cases.

8.2.1 Maturity metrics

An external maturity metric should be able to measure such attributes as the software freedom of failures
caused by faults existing in the software itself.

8.2.2 Fault tolerance metrics

An external fault tolerance metric should be related to the software capability of maintaining a specified
performance level in cases of operation faults or infringement of its specified interface.

8.2.3 Recoverability metrics
An external recoverability metric should be able to measure such attributes as the software with system being

able to re-establish its adequate level of performance and recover the data directly affected in the case of a
failure.

8.2.4 Reliability compliance metrics
An external reliability compliance metric should be able to measure an attribute such as the number of

functions with, or occurrences of compliance problems, in which the software product fails to adhere to
standards, conventions or regulations relating to reliability.
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8.3 Usability metrics

Usability metrics measure the extent to which the software can be understood, learned, operated, attractive
and compliant with usability regulations and guidelines.

Many external usability metrics are tested by users attempting to use a function. The results will be influenced
by the capabilities of the users and the host system characteristics. This does not invalidate the
measurements, since the evaluated software is run under explicitly specified conditions by a sample of users
who are representative of an identified user group. (For general-purpose products, representatives of a range
of user groups may be used.) For reliable results a sample of at least eight users is necessary, although
useful information can be obtained from smaller groups. Users should carry out the test without any hints or
external assistance.

Metrics for understandability, learnability and operability have two types of method of application: user test or
test of the product in use.

NOTE 1 User test

Users attempting to use a function test many external metrics. These measures can vary widely among different
individuals. A sample of users who are representative of an identified user group should carry out the test without any hints
or external assistance. (For general-purpose products, representatives of a range of user groups may be used.) For

reliable results a sample of at least eight users is necessary, although useful information can be obtained from smaller
groups.

It should be possible for the measures to be used to establish acceptance criteria or to make comparisons between
products. This means that the measures should be counting items of known value. Results should report the mean value
and the standard error of the mean.

Many of these metrics can be tested with early prototypes of the software. Which metrics are to be applied will depend on
the relative importance of different aspects of usability, and the extent of subsequent quality in use testing.

NOTE 2 Test of the product in use

Rather than test specific functions, some external metrics observe the use of a function during more general use of the
product to achieve a typical task as part of a test of the quality in use (ISO/IEC 9126-4). This has the advantage that fewer
tests are required. The disadvantage is that some functions may only rarely be used during normal use.

It should be possible for the measures to be used to establish acceptance criteria or to make comparisons between
products. This means that the measures should be counting items of known value. Results should report the mean value
and the standard error of the mean.

8.3.1 Understandability metrics

Users should be able to select a software product, which is suitable for their intended use. An external
understandability metric should be able to assess whether new users can understand:

e whether the software is suitable

* how it can be used for particular tasks.

8.3.2 Learnability metrics

An external learnability metric should be able to assess how long users take to learn how to use particular
functions, and the effectiveness of help systems and documentation.

Learnability is strongly related to understandability, and understandability measurements can be indicators of
the learnability potential of the software.
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8.3.3 Operability metrics

An external operability metric should be able to assess whether users can operate and control the software.
Operability metrics can be categorized by the dialogue principles in ISO 9241-10:

suitability of the software for the task
self-descriptiveness of the software
controllability of the software

conformity of the software with user expectations
error tolerance of the software

suitability of the software for individualization

The choice of functions to test will be influenced by the expected frequency of use of functions, the criticality of
the functions, and any anticipated usability problems.

8.3.4 Attractiveness metrics

An external attractiveness metric should be able to assess the appearance of the software, and will be
influenced by factors such as screen design and colour. This is particularly important for consumer products.

8.3.5 Usability compliance metrics

An external usability compliance metric should be able to assess adherence to standards, conventions, style
guides or regulations relating to usability.
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8.4 Efficiency metrics

An external efficiency metric should be able to measure such attributes as the time consumption and resource
utilisation behaviour of computer system including software during testing or operations.

It is recommended that the maximal and distribution time are investigated for many cases of testing or
operations, because the measure is affected strongly and fluctuates depending on the conditions of use, such
as load of processing data, frequency of use, number of connecting sites and so on. Therefore, efficiency
metrics may include the ratio of measured actual value with error fluctuation to the designed value with
allowed error fluctuation range, required by specification.

It is recommended to list and to investigate the role played by factors such as “CPU” and memory used by
other software, network traffic, and scheduled background processes. Possible fluctuations and valid ranges
for measured values should be established and compared to requirement specifications.

It is recommended that a task be identified and defined to be suitable for software application: for example, a
transaction as a task for business application: a switching or data packet sending as a task for communication
application; an event control as a task for control application; and an output of data produced by user callable
function for common user application.

NOTE 1 Response time: Time needed to get the result from pressing a transmission key. This means that response
time includes processing time and transmission time. Response time is applicable only for an interactive system. There is
no significant difference when it is a standalone system. However, in the case of Internet system or other real time system,
sometimes transmission time is much longer.

NOTE 2 Processing time: The elapsed time in a computer between receiving a message and sending the result.
Sometimes it includes operating overhead time, other times it only means time used for an application program.

NOTE 3 Turn around time: Time needed to get the result from a request. In many cases one turn around time includes
many responses. For example, in a case of banking cash dispenser, turn around time is a time from pressing initial key
until you get money, meanwhile you must select type of transaction and wait for a message, input password and wait for
the next message etc.

8.4.1 Time behaviour metrics

An external time behaviour metric should be able to measure such attributes as the time behaviour of
computer system including software during testing or operations.

8.4.2 Resource utilization metrics

An external resource utilization metric should be able to measure such attributes as the utilized resources
behaviour of computer system including software during testing or operating.

8.4.3 Efficiency compliance metrics

An external efficiency compliance metric should be able to measure an attribute such as the number of
functions with, or occurrences of compliance problems, which is the software product failing to adhere to
standards, conventions or regulations relating to efficiency.
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8.5 Maintainability metrics
An external maintainability metric should be able to measure such attributes as the behaviour of the

maintainer, user, or system including the software, when the software is maintained or modified during testing
or maintenance.

8.5.1 Analysability metrics
An external analysability metric should be able to measure such attributes as the maintainer’s or user’s effort

or spent of resources when trying to diagnose deficiencies or causes of failures, or for identifying parts to be
modified.

8.5.2 Changeability metrics
An external changeability metric should be able to measure such attributes as the maintainer's or user’s effort

by measuring the behaviour of the maintainer, user or system including the software when trying to implement
a specified modification.

8.5.3 Stability metrics

An external stability metric should be able to measure attributes related to unexpected behaviour of the
system including the software when the software is tested or operated after modification.

8.5.4 Testability metrics

An external testability metric should be able to measure such attributes as the maintainer's or user's effort by
measuring the behaviour of the maintainer, user or system including software when trying to test the modified
or non-modified software.

8.5.5 Maintainability compliance metrics

An external maintainability compliance metric should be able to measure an attribute such as the number of
functions or occurrences of compliance problems, where the software product fails to adhere to required
standards, conventions or regulations relating to maintainability.
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8.6 Portability metrics

An external portability metric should be able to measure such attributes as the behaviour of the operator or
system during the porting activity.

8.6.1 Adaptability metrics
An external adaptability metric should be able to measure such attributes as the behaviour of the system or
the user who is trying to adapt software to different specified environments. When a user has to apply an

adaptation procedure other than previously provided by software for a specific adaptation need, user's effort
required for adapting should be measured.

8.6.2 Installability metrics

An external installability metric should be able to measure such attributes as the behaviour of the system or
the user who is trying to install the software in a user specific environment.

8.6.3 Co-existence metrics

An external co-existence metric should be able to measure such attributes as the behaviour of the system or
the user who is trying to use the software with other independent software in a common environment sharing
COMMON resources.

8.6.4 Replaceability metrics

An external replaceability metric should be able to measure such attributes as the behaviour of the system or
the user who is trying to use the software in place of other specified software in the environment of that
software.

8.6.5 Portability compliance metrics

An external portability compliance metric should be able to measure such attributes as the number of
functions with, or occurrences of compliance problems, where the software product fails to adhere to required
standards, conventions or regulations relating to portability.

COPYRIGHT



61

‘uonousIp Jeafo B si aialy) ‘alojalay | Swe)sAs Jo uoljesado jeauya8) 8Y) JO JUBLIUOIAUS 8] YIM PBLLISILOID

st Aupgedepe jejuswuuodinue aiemyos wajsAs, uonesiuebio sJasn ayj Jo uoiesado SSaUISNG Y} JO JUSLULCHAUS 8y] Yliim pawiasuod si Aujigeidepe juswuoiiaus jeuonesiuebipn,  Z

aoueu
-BIUIEN 65
uoneladp
¥S
Jauiejuiey Bunsal
UoREJEND

Jadojanaq £°G

JojesadQ

Hodal
uonesadp

Hodau
uoln|osal
Wwia|goid

unon
aunog =x
Junon =g
uNoD =y 8INjosqy

paisa)

2JaM YoIym SUOIIoUN} JO JagLunu 10| =¢

JUswuadiAuz

ssaulsng sJasn yym Bunse) jeuonelado
Buunp sjaas| alenbape 188w 0] pajnsal

‘Japeq ay) ybnoua jou Jo pas|dwos jou alam Syse) ay)

si Jabie| ay|

| =>X=>0

yolym Ul suonouny palesado Jo Jequunp =Yy

g/v -1 =X

uswiuoJiaug uonelado
0} alem)os jdepe

0] Buifay s1 Jasn uaym
Inoineyaq s Jaulejuiew
10 s Jasn amesqQ

Jjuswiuodiaug
|eucnelado

ay} o} jjesy ydepe
0} ybnous a|qedea
Wa)shs alemyos s|

SUBLIUOIIAUS
0] a1emos Jdepe
Allsea Jsulejuiew

Jo Jasn uen

'SJUBLLILIOIIAUG SSBUISNg S.J8sh ajqissod Jo sjuauodwiod aunjandsequl Jo SUOHBUIGLLIOD JO SBIBLIBA 8UY] JO JUNo22e saye] Yaiym Busa) jonpuo o) pepuswuwosal iy |

S31ON1OOA

(uonesiuebio jo
alnjanJjseajul
03 Aligeydepe
uolnesiuebip)

Ayiqeydepe
JuswiuOJIAUB
Jeuonesiuebip

“Sluswiuodiaug

jeuoijesado Jasn jo Alauea e ur pauiquwioo Ajeuonelsedo aq Ajqissod Aew yaiym suoneinbBiyuo [BlusLUUOIALS aiempley Yim Buijsa) UoneuIqLUIoD PEOLIBAO 1oNPUOS 0] papusLULLI0da. Si )|

aoueu
-BIUIEN 65
uoneladp
7S
lauiejuiey Bunsa)
Lonealjent

Jadojanaq £°g

ioeladn

uodau
uoneladn

Hodal
uonnjosal
wajqoid

unon
aunoD =x
unon =g
Juno) =y 8Njosqy

‘I8jeq au}

pajsa)

aJam Y2IUM SUOIjoUN) JO Jaquuinu [Bjo] =g

alempley |ejusLULCIIAUS

s Bunsal Bunesado pauiquioo
Buunp s|ana| ajenbape jaawl 0} pajnsal
ybnoua jou 1o paja|dwios jou alem SHSE)

st Jabiej 8y yowym jo suonouny [euonesado Jo Jaquuinp =y

| =>X==0

a/v-1 =X

uswuoliaue uolelado
0] alemyjos jdepe

01 Buidsy s1 1@sn uaym
JNolABYaq s Jaulgjuied
10 s Jasn aalasq

310N1OO4

JuaLiuoliaua (SBNIIIoE) Yomeu

uonessdo

0} jjasy depe

0} ybnoua a|qedea
Wwia)shs aiemyos sj
£JUsLWIUOIIAUD

0] alem)jos jdepe
Ajisea Jaulejuliew
lo Jasn uen)

pue saolnap
alempley
0} Anjigeidepe)

Angeydepe
|ejUaWIUOIIAUS
alempJieH

‘papusxs s1 adoss SsaUISNg aYy) 'sidexs Jo) ‘usym palinbad aq Aew uoneidepe ue yang "Bjep Jo sadA) swes sy Junod o)
Aiessaaeu ale einuwLoy 8yl JO g PUE Y 'S8injoniis ejep Jo SwWejl ejep ‘selunjoA ejep juaieyip o) pejdepe aq o) saseqejep Jo sejdny ejep ‘seji ejep se yoans ejep Jo sodA} epnjour Ajuew ejep aseu |

pajdepe si alemjos au)

310NL1OO4

aoueu UoIUm 0] JusLiLOIAUS BY) Ul ajgesado aq o)
-S)UIBl G'S podal ‘Japeq  pejoadxa ale Yoiym Ejep Jo Jaquinu ay| =g
jojesadg  uonesadQ uonesado ay1 si Q'L suoneywi uoneidepe fq pasnes suonesado  ‘JuswuolAUS uolelado JJUBLILOIIAUS
$'C unon 0} Jasojo pue  8}a|dwooul 0] anp pPaAIasqo Jou aJe Jng pue o] asemyos jdepe MaU Ul S}as Bjep
JaulejuIR|y funsa) podal fuUNon =x 1ebiej sy e|qesado ale yoIym BIED JO JBqUNU 8y = Y 0y Buikly si Jasn uaym 0} atemyyos jdepe
uoleaIeny uonnjosal JUNoN) =g JNOIABYSQ S JBUIBIUIELU Ajises saulejuiew S@4AMONAS ElED
Jadojana(] £°G wajqold Junod =y 9njosqy L=>X=50 g/yv =X J0 S J9sn anIesqQ 10 Jasn uen 10 Aqeydepy
aoualajay
d4071S Juaw adfy anjena
aoualpne J0ZZ1 -ainseauw adf]  e|eos painseaw Jo suoljendwon Juswala ejep souBW
1ebie]  931/Os| ojjndu;  ainsesly owep uoneyasdieyy pUE B|NULIOJ 'JUBLIBINSED| uonealidde jo pouyiapy ay) Jo asoding aleU oUIa

sauaw A jigeidepe jeulayxy

soaw Ajjiqeldepy L'9'g 9jqeL

COPYRIGHT



62

"uonoaunsIp Jeafd e S| alay) ‘alojataly] 'swajsAs uo suonesado [BaIUYIB) JO) JUSLULIONIAUS ]

Yum paliasuod si Alqgeidepe [ejustuuodinue alemyos WwajsAs, ‘uonesiuebio s.iasn Jo uonesiado SSauUISNG Jo) JUSLLUONAUS ay] YIm pallaauoa si Aiqeidepe Juswuodaus jeuonesiuebin, 7

"SjuUSLILOIAUS [euonelado

Jasn Jo faueA e ur pajesado pauiquwoo Algissod aie yaiym selemyos uonealjdde juaunouo jo sasemyos wajsAs Buneiado yym Buijse) UoNRUIGLIOD PEOLISAO JONPUOI O] papuswuwosal sy |

S310NLOOA

(auemyos

uoneadde

ZIUBLILIOIIAUS pajelado
uonelsedo -0 pue aljem)os

o} J|@sy jdepe womjau ‘so

paisa)
aJam Yoiym suolouny Jo Jagunu [B1o] =9
alemyos uonealdde

aoueu JuaunNouoD Jo alemyos wajsAs bunelsado 0} ybnous s|qedes o fuugeidepe)
-BIUIBIN §'C Hodau yum Bunse) Bunesado pauiquos Buunp Wwia)sAs alemyos s| h
JojesadQ  uonelsadQ uonesadQ |aA8| @1enbape 12aw 0] pajnsal ybnoua ‘JugLwiuodiaug uonesado Aingeydepe
¥'g uno9 ‘lapeq ay) 10U alam 1o paja|dwioD Jou a1am SHSE) 0} aJemyos jdepe IUBLUUOIAUS -
Jauieluiey Bunsay Hodal unog) =¥ s Jabie) ay| yoiym Jo suonouny |eucijeiado Jo Jaguiny =y 0] Buifay s1 Jasn uaym 0} alemyos jdepe [Ejustutiodiaus
uonesyIenn uonn|osal  JUNoN =g INOIABYS] S JSUIBJUIBLU Ajisea JauiejuleLw alemyos
Jadojanaq e°G wa|qold JUnon =y aJnjosqy L=>X=>0 a/v -1 =X 0 §.Jasn anJesqp Jo Jasn uen wayshs
"awll) Jo peajsul pasn aq Aew Inoy-uosiad - Juswuoiiaug sJasn 0] Jdepe o} pasinbas poye sasn, saijdwi |
31ONLOOA
aoueu
-2JUIEN G'G yodal
lojesadp  uoneladp uonesadp ‘JuaLiuodiauae |euonelado
G dmas abueyo 0} aiem)os Jdepe Jjusuiuoliaug
Jaulejuiepy Bunsa) Jodal ‘Jajeq ayy Jo |[ejsul 0] Jdwajie Jasn usym JUSLILoIIAUS 01 Buify s1 Jasn uaym 0) aJemyos jdepe
LUOHEDIIEND) uonnjosal S Jajoys 8y SJ8sn 0] 8lemMYos ay} Jo uonejdepe 8)9dwos  INOIABYSQ S JBUlBjUIEL Ajises Jaulejuiew ssauljpusty
Jadojanaq £'g weigold  swil=]  oney 10 0 Juads awn Bunesado Jasn Jo wNg =) 10 S Jasn anIasqO iosesnueny  49sn buniod
aoualajay
47718 juaw adf) anjea
aoauaIpne L0ZZ1 -ainsesw adf}  s|e2s palnsesw Jo suonendwod Juswsaje ejep soujew
18bie | I31/0S| o) ndu]  aunseapy  ow@ uonelasdiaiu) PUE BINLUIOJ ‘JUSWBINSE3N uonealdde jo poylapy ayj jo asoding BLUBU D3N

sauaw Ayjigeldepe |eulaixy

(penupuos) '9'g 8|qeL

COPYRIGHT



63

‘ajgeinseal aq Aew uonejejsul o) aw) Juads ‘paiinbas si oujaLl SISeq el uaym Z
‘asn jejuslliadxe se pajsabbng si auall siy | 1

S310NL1OO4
80UBIUSAUOD JAY/SIY
1o} uonelado |jeisul auy sbueys o) pajdwsane
soueu JI9SN B YOIUM SBSED JO Jaquinu [B10] = g
-2JUIEN G'G yodal
ioesadg  uonessdo uonelado aoUBIUBAUDD Jausiy Joj uonesado  ‘juswuolaus uonesado £ JUBLLILOIIAUS
¥'c unon ‘1aneq |le1sul ay) BuiBueys ul o) papaadons 0] 2IEM]IOS ||BISUI uonelado
JaulBuIR Bunsa) podal AuUNoOn) =X aul sl QL 1SN B YoIUM Sased Jo Jaquinn = v 0} Buikly s1 19sn uaym 0} SIBM)OS |[B]SUI
uoneaIeny uonnjosal  JUNoN) =g 0} J8s0|2 8y | JNOIABYSQ S JBUIB)UIELU A|isea JaulejuleWw Uohe|esul
Jadojana(] £°G wa|qold JuUnod =y 8Injosqy | =>X=>0 q/v=X J0 S J9sn anIesqQ 10 188N UED j0 9seq
a0UB.8J9Y
d4071S Juaw adfy anjena
aoualpne 10221 -ainseaw adf]  e|edos painseaw Jo suonendwos Juswa|e ejep soujBLW
yobue | ~31/0S| ojjndul eunsespy  owep uonelaldiaiu| pUE B|NLLIOJ ‘JUSLUSINSEa uonesidde jo poyiap auy) Jo asoding SWEU JUB

soljew Ayjige|jejsul |eulaixy

soujaw Ayljiqe|elsu) Z'9'g a|qeL

COPYRIGHT



64

anjeA painsesiw Jo uoijejsidiaju) jasdi(] =x

‘walyy Bunum pue pebueys eq o) sajiy wody siajawelsed dn Bunjooy ‘seyly Jejelueled Bulyasiess s.aasn bulinbeu [pejeaijdwoa)

‘saxoq wi-Bulyy 4o sejqe) wouy siejewesed dn Bunjooy s.dasn Bulinbeu [Ases jou]

‘suoijoun) dn-jas Jo [jejsur wody uoisanb jo Buuamsue saasn Ajuo Buuinbas [Ases]

‘uoneyejsul Buiiasqo uay) pue suoijauny dn-jas Jo jjejsul jo Buipes sdasn Ajuo Buuinbay [Asea Alian]

‘Buimojjoy ale [aAs] ssauisea jo sajdiiexy uoneiado j[enuel s.Jasn Jo [aAS] SSaUISEa JO 84008 = X Uonesado jjejsul jenuell s.Jesn JO [aAs] Ssauises
uonesado jjejsul jenuell sdesn Jo aseg i

Jaeq eyl sl 0L 0485012 8Y | == X ==(
Ajreuriou sainpaaold uoneiado jjejsul jo Jsquiny = g
uonanpeJ ainpasoud Jeye op o} pey Jjesn e yaiym saeinpesoid uoneiado [jejsul Jo jequuinp =

g/ VvV -1 = X oey uononpay ainpasoid uonessdo jleisuy iasn

uoijanped Loye uoijejjeisul jeuoneisdg £

anjeA painsesauw Jo uonejasdiajuy 1984 =X
‘(iood) uoneeisul Joy uoeayipow spesu welboud jo spoo 82108 -
(poob) uoneyeisul joj apinb jeuoijanisuy -
‘(Jusjjaaxs) pepasu si asow Buiyjou assym wesbosd voneeisu Bunpnasxs Ajuo -

‘ajdwexe JoJ ‘Yum pejel si v v = X |aAs] Buiuoddns uonejjelsul

asea uoiejjejsu| 7z

J8]Jaq ay] SI Jaljews ay X>( UOIBjjejsul J0j papasu SUOIoe [BNUBLU S.Jasn JO Jagquuinu 8y =V V = X UONEJJBISUI J0) SUOIOE [enuBLl S.Jas() Uone[jelsul sSsajuoys |
‘pasn aq Aew soujew Aiejusiwiadwios Buimojjo) ay |

S31ONLOOS
‘asn [ejusLllliadxe se pejsebbing si aujall siy |
J1LONLOOS
uonesado
aoueu dn-j2s Buunp dmas A-a1 0] Jdwaype
-2)UIBl GG Jodal J3SN Y2IYyM Ul SISED JO Jaquinu [ejo] = g
lojeladg  uonesado uonesadp ‘2lemyos
G unog “J8neq uonesado dn-j2s Buunp dn-1a2s Buifiy-ad 10 uone|esul dn-jas Ay £ 8IBMYOS o
lauejuien Bunsa) Hodal unon =¥ aUIsIQ L Ul S|} Jasn yolym Ul SBSBD Jo JequinN =Y -8J 0} BuiAy s1Jesn uaym  uone|eisul dn-yas A1
uoneEND uoinjosal  Junos) =g 0] Jaso|2 ay| INOIABYSQ SJaulejuieWw  -8J A|ISea JaulgjuieL Anay
Jadojanaq £G Wwa|qold JUNoD =y 9)Njosqy L =>X=>0 /v -1L=X 10 S Jasn anIesqO j0Jasnuen dMBS jo ase3
aoualajay
47718 juaw adf) anjea
2ouaIpne 10ZZ1 -aJnseaw adf;  9|eas painsesaw Jo suonendwon Juswale ejep SN ENT
18bie | I31/0S| o) ndu]  aunseapy  ow@ uonelasdiaiu) PUE BINLUIOJ ‘JUSWBINSE3N uonealdde jo poylapy ayj jo asoding BLUBU D3N

solaw Ajige|ejsul |eussyxs

(penupuos) 2'9°g 8lqeL

COPYRIGHT



65

8JeM}os Jay)o

lojeladQ aouEU Bunjelado Ajjuannauocd Jo uolEINp BWIJ = | {BIEMYOS J1ayio

-3JUIB §°G yodal aJemy)jos ypm Ajjuaninoauod

YOS  uonesadp uonesado Jay1o Yyim Apuannauos Bunelado Buunp Bunelado uaym

¥'G awi| Jajunooua Jasn yoiym saun|ie} pajsadxaun 'sgsn  saln|ie} payoadxaun

laulejuiepy Bunsal yodas gunon =x Jayaq ayy si 10 SJUIBJISUOD AUB JO JBqUINN = W UBYO Jasn UdIym aJemyos 10 SJUIBJ}SUOD
uoneaIeny uonnjosal  ewi| =] 0} J8s0|2 8y | 1810 YIIM A[JUsLInouo AU sIBJUNOoUB edus)sixa
Jadojena(] £'g wajqold Junog =y  oney X=>0 L/¥=X  @2lemyos pajenjena asf Jesn uayo moH  ~99 Slqe|lBAY

aoualajay
d4071S Juaw adfy anjena

aoaualpne L0ZZ) -aJnsealw adf]  e|eos painsesw Jo suonendwod Juswsaje ejep soujew

1ebie | 331/0S| o}jndu| eJnsespy  owep uoneyaidisu) pUE B|NLLLUOJ ‘JUSLISINSES uonealdde Jo poylay ay) Jo asoding aleu JUeN

So11}aW 82U3)SIXa-09 |eula)xy

SJU}aW adualsixXa-0J £'9°8 9|qel

COPYRIGHT



66

‘uoisian snoinaud woly pesusp uonejsadxa s.aasn jsuiebe Awiojuoa ajgejdasseun Ag pasnea suoiaun SSasae o] s|iej
J8SN 8yY) YoIym S8se JO Jaguinu ayj JUnog o) pue JNoIABYaq S.Jasn aAlasqo o) pajsabbns si ji “Uoisien Mau e Ul aaeua)ul Jasn aAoidwi o] pabueys s uonoesajul jo wisped ay) jey) esea uy 7

‘UOISIOA JUBLIND B SB paljuapl ag Ued aleMyOS Jualayip Mau e ‘alemlos snoinaud e o) eoejdal 0) peonpodiul S 8JeMyos Juslayip e jey) esea ay] |

S3LONLOOS
VYOS  9ouBInssy
le)sel  Ayenpeg
Jladojanaq  uoneladp unon
Jauiejuiey ¥'g AUNaD SUDIJoUN) Mau Jo Jaquinp =g
Jaubisap Bunsa) =¥ uonejyadxa sJasn
aoepsul uonesyleny Hodau uneoD ay) uum Jusisisuoaul Ajgejdesoseun punoy i BoeuaUl A
185N £'G uoneladQ =y laneq 185N Yoiym SUoljouny mau Jo Jaquunp =y ‘uoiuido Jasn Bunsixa yum Quaysisuo
uonelbaju) unoo s JableT ay) yse pue Jasn ay] susuodwod mau ay) |[euonauny
185 ¢'g  podasisa =LV @Injosqy X=>() 2v/ LY - L =X 1O INolABYaq 8y} aAesqy  ele Jusisisuoo moy — Hoddnsaasn
‘BU0 SnoinaJd 0] S8l8s aIBMYOS BLIES 8U] JO UDISISA Juslayip B pue aiemyos jualayip Ajaague ue Buioeidad jo sased yjoq o} paljdde agq uea aujaw siy |
31ONLOOS
iA|Inissaoons
paoe|dal aq 0] aiem)os uo Buiob uonelbiw
Jayjoue Aq papinoid suooung o) Jejius Wwia)shs alemyos sj
aoueu ale y21ym suoljoun) pajsal Jo Jaquinu = g i auo
-aJUIBN GG Hodau snoinasd o) e.emyos
lojesedp  uoneladp uonesadp palinbal uaaq jou aaey sabueys alaym siy) Buioe|dal
¥’ unon pue paoanpoid Ajlsnoinaid se synsal Jeiis  "auo snoinald 0) 2Jemyos Ja)e suolouny Jejius
Jaulejuiey Gunsa) Hodas Junon =x leneq ay) aonpoud yolym suoijoung Jo Jaguinu = Buloejdal s Jasn Uuaym asn 0} anunuoo
UOEIIHENTD) uonnjosal  JunoD =g si Jabie| ay| Jnoineyaq s Jauiejuiew Allsea Jaulgjuiels  SSsauaAlsnjoul
ladojanaq £'g Wwa|qold unon =\ anjosqy L=> ¥ =>() g/v=X¥ 10 428N anesqQ 10 Jasn uen uoljoun
‘auo snoinad 0] SalIas aJeM)os BLIES ay] JO UOISIaA Jusiaylp B pue aiemyos juaiayip Ajaiqus ue Buroejdas jo saseo yjog o} pardde ag uea aujew siy |
J1ONLOOS
JA|Injsseoans
a|gesnal A|snonuijuod uo Buiob uonelbiw
aq 0} pauue|d pue paoe|dal aq 0} SIEMYOS Wwa)shs alemyos sj
aoueu 184J0 Ul pasn ale yolym BIEP JO Jagquinu = g Jauo
-ajuep g Hodal snoinaid 0} alemyos
lojeladg uonesado uonesadp pasn A|lsnonunuoa aq o] ajge ale fay) 1ey) siy) Buioe|dal
¥’ unoo pauLIuod aie pue pace|dsal aq 0} aiemyjos  "auo snolaald 0} aiemyos Jale elep awes
Jaulejuiey Bunsa) Hodal unon =¥ laneq eyl I8yjo Ul pasn aJe Ydiym Bjep Jo Jaguinu = vy Buioejdal s1 Jasn uaym  a8Yj 8sn 0] anunuo
LUOHEDIIEND) UoIN|OSa  JUNOD) =g s1 1able| ay | JNOIABUSQ S JBUIBUIBL Ajises Jaulejuiew Bjep jo
Jadojanaq £'g wsjgold unon =y enjosqy == ¥ ==0 g/v=X 10 S Jasn anIasqO i0 Jasn ugn 9SN Panuiuoy
aoualajey
47718 juaw adf) anjea
aouaipne J0ZZL -ainseaw adf} 9IS palinsesw Jo suoneINdwo Juswaja ejep solew
18bie | I31/0S| o) ndu]  aunseapy  ow@ uonelasdiaiu) PUE BINLUIOJ ‘JUSWBINSE3N uonealdde jo poylapy ayj jo asoding BLUBU D3N

salaw Aijgesse|dal |eusaixy

soMjaw Ajljiqeade|day #'9'g a|qeL

COPYRIGHT



6/

‘palsies Ajny ede Aay) Jayjaym aulialep pue ‘swey saueldwoa paysies Buisealoul jo puel) ay) asAjeue ‘awy) Buoje sanjea painseall [BIaAas J28)jod 0] jnjasn aq Aewu )

J10NLOOA
Jodal pue
uoneayoads
159
suonenbal Jo
SUOIJUSAUOD
‘splepue)s paljioads swajl
pale|al pue aoueldwod Ayjgeuod jo Jaquunu |B10] = ‘uonesiosads
uoneples soueldwod jo ay) ul aoueldwoo &, SUOUBAUDD
G'g (uoneayoadsg Bunsa) Buunp Bulinbal swall Jo pue spJepue)s
Jo wunog "Janaq pajuawsa|dw usaq jou aaey jey) payoads  Jaquinu ay) ypm asedwoo ‘suole|nbal
188 Bunsa) |enuewl Jasn) unon =¥ aylsi ol sway aouedwos Ajgenod jo Jaquuny =y pue jaw usaq aney oqeodde o) Jonpoud
uoneoylieny  uonduosep  JUNOD) =g 0} J8s0|2 8y | 1y aoueldwos Buuinbal ayyo Aujgepod ouel|dwod
seyddng £ jonpold  JUNo =y 8Njosqy  L=> X =>0 g/V -} =X Swa) JoJaquinu ayj junod ayj si jueldwod moH Anqepod
adualajoy
d4071S Juaw adfy anjena
asusipne 10271 -alnseaw adfy 8|Bos  palnseaw Jo suonendwos juawaja ejep soaw
19b61e | 31/0S| o} jndu]  aunsealy  ouwal uonelaldiau) pUE E|NULIOJ JUsLIaINSE|\ uonealdde jo poyia ay} Jo asodind alUeU ol

soujaw asueldwos Ajgqedod jeulayxy

sajaw asueljdwos Ajljigelod §°'9°g ajqel

COPYRIGHT



68

Annex A
(informative)

Considerations When Using Metrics

A.1 Interpretation of measures

A.1.1 Potential differences between test and operational contexts of use

When planning the use of metrics or interpreting measures it is important to have a clear understanding of the
intended context of use of the software, and any potential differences between the test and operational
contexts of use. For example, the “time required to learn operation” measure is often different between skilled
operators and unskilled operators in similar software systems. Examples of potential differences are given
below.

a) Differences between testing environment and the operational environment

Are there any significant differences between the testing environment and the operational execution in user
environment?

The following are examples:

o testing with higher / comparable / lower performance of CPU of operational computer;

« testing with higher / comparable / lower performance of operational network and communication;
¢ testing with higher / comparable / lower performance of operational operating system;

o testing with higher / comparable / lower performance of operational user interface.

b) Differences between testing execution and actual operational execution

Are there any significant differences between the testing execution and operational execution in user
environment?

The following are examples:

e coverage of functionality in test environment;
o test case sampling ratio;

» automated testing of real time transactions;

e stress loads;

e 24 hour 7 days a week (non stop) operation;
« appropriateness of data for testing of exceptions and errors;
¢« periodical processing;

e resource utilisation;

» |evels of interruption;

e production pressures;

e distractions.
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c) User profile under observation

Are there any significant differences between test user profiles and operational user profiles?
The following are examples:

e mix of type of users;

e user skill levels;

e« specialist users or average users;

e |imited user group or public users.

A.1.2 Issues affecting validity of results

The following issues may affect the validity of the data that is collected.

(a) procedures for collecting evaluation results:

« automatically with tools or facilities / manually collected / questionnaires or interviews;
(b) source of evaluation results

« developers' self reports / reviewers’ report / evaluator's report;

(c) results data validation

e developers' self check / inspection by independent evaluators.

A.1.3 Balance of measurement resources

ls the balance of measures used at each stage appropriate for the evaluation purpose?

It is important to balance the effort used to apply an appropriate range of metrics for internal, external and
quality in use measures.

A.1.4 Correctness of specification

Are there significant differences between the software specification and the real operational needs?
Measurements taken during software product evaluation at different stages are compared against product

specifications. Therefore, it is very important to ensure by verification and validation that the product
specifications used for evaluation reflect the actual and real needs in operation.

A.2 Validation of Metrics

A.2.1 Desirable Properties for Metrics

To obtain valid results from a quality evaluation, the metrics should have the properties stated below. If a
metric does not have these properties, the metric description should explain the associated constraint on its
validity and, as far as possible, how that situation can be handled.

a) Reliability (of metric): Reliability is associated with random error. A metric is free of random error if
random variations do not affect the results of the metric.
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b) Repeatability (of metric): repeated use of the metric for the same product using the same evaluation
specification (including the same environment), type of users, and environment by the same evaluators,
should produce the same results within appropriate tolerances. The appropriate tolerances should include
such things as fatigue, and learning effect.

c) Reproducibility (of metric): use of the metric for the same product using the same evaluation
specification (including the same environment), type of users, and environment by different evaluators,
should produce the same results within appropriate tolerances.

NOTE 1 Itis recommended to use statistical analysis to measure the variability of the results.

d) Availability (of metric): The metric should clearly indicate the conditions (e.g. presence of specific
attributes) which constrain its usage.

e) Indicativeness (of metric): Capability of the metric to identify parts or items of the software which should
be improved, given the measured results compared to the expected ones.

NOTE 2 The selected or proposed metric should provide documented evidence of the availability of the metric for use,
unlike those requiring project inspection only.

f) Correctness (of measure): The metric should have the following properties:

1) Objectivity (of measure): the metric results and its data input should be factual: i.e., not influenced by
the feelings or the opinions of the evaluator, test users, etc. (except for satisfaction or attractiveness
metrics where user feelings and opinions are being measured).

2) Impartiality (of measure): the measurement should not be biased towards any particular result.

3) Sufficient precision (of measure): Precision is determined by the design of the metric, and particularly
by the choice of the material definition used as the basis for the metric. The metric user will describe
the precision and the sensitivity of the metric.

g) Meaningfulness (of measure): the measurement should produce meaningful results about the software
behaviour or quality characteristics.

The metric should also be cost effective: that is, more costly metrics should provide higher value results.

A.2.2 Demonstrating the Validity of Metrics

The users of metrics should identify the methods for demonstrating the validity of metrics, as shown below:
(a) Correlation

The variation in the quality characteristics values (the measures of principal metrics in operational use)
explained by the variation in the metric values, is given by the square of the linear coefficient.

An evaluator can predict quality characteristics without measuring them directly by using correlated metrics.
(b) Tracking

If a metric M is directly related to a quality characteristics value Q (the measures of principal metrics in
operational use), for a given product or process, then a change value Q(T1) to Q(T2), would be accompanied
by a change metric value from M(T1) to M(T2), in the same direction (for example, if Q increases, M
increases).

An evaluator can detect movement of quality characteristics along a time period without measuring directly by
using those metrics which have tracking ability.
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(c) Consistency

If quality characteristics values (the measures of principal metrics in operational use) Q1, Q2...., Qn,
corresponding to products or processes 1, 2,..., n, have the relationship Q1 > Q2 > ...> Qn, then the
corresponding metric values would have the relationship M1 > M2 > ...> Mn.

An evaluator can notice exceptional and error prone components of software by using those metrics which
have consistency ability.

(d) Predictability
If a metric is used at time T1 to predict a quality characteristic value Q (the measures of principal metrics in
operational use) at T2, prediction error, which is {(predicted Q(T2) - actual Q(T2) ) / actual Q(T2)}, would be

within allowed prediction error range.

An evaluator can predict the movement of quality characteristics in the future by using these metrics, which
measure predictability.

(e) Discriminative
A metric would be able to discriminate between high and low quality software.

An evaluator can categorize software components and rate quality characteristics values by using those
metrics which have discriminative ability.

A.3 Use of metrics for estimation (judgement) and prediction (forecast)

Estimation and prediction of the quality characteristics of the software product at the earlier stages are two of
the most rewarding uses of metrics.

A.3.1 Quality characteristics prediction by current data

(a) Prediction by regression analysis

When predicting the future value (measure) of the same characteristic (attribute) by using the current value
(data) of it (the attribute), a regression analysis is useful based on a set of data that is observed in a sufficient
period of time.

For example, the value of MTBF (Mean Time Between Failures) that is obtained during the testing stage
(activities) can be used to estimate the MTBF in operation stage.

(b) Prediction by correlation analysis

When predicting the future value (measure) of a characteristic (attribute) by using the current measured
values of a different attribute, a correlation analysis is useful using a validated function which shows the
correlation.

For example, the complexity of modules during coding stage may be used to predict time or effort required for
program modification and test during maintenance process.

A.3.2 Current quality characteristics estimation on current facts

(a) Estimation by correlation analysis

When estimating the current values of an attribute which are directly unmeasurable, or if there is any other
measure that has strong correlation with the target measure, a correlation analysis is useful.
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For example, because the number of remaining faults in a software product is not measurable, it may be
estimated by using the number and trend of detected faults.

Those metrics which are used for predicting the attributes that are not directly measurable should be
estimated as explained below:

e Using models for predicting the attribute;

e Using formula for predicting the attribute;

e Using basis of experience for predicting the attribute;
e Using justification for predicting the attribute.

Those metrics which are used for predicting the attributes that are not directly measurable may be validated
as explained below:

e |dentify measures of attributes which are to be predicted;
e |dentify the metrics which will be used for prediction;

e Perform a statistical analysis based validation;

e Document the results;

e Repeat the above periodically.

A.4 Detecting deviations and anomalies in quality problem prone components

The following quality control tools may be used to analyse deviations and anomalies in software product
components:

(a) process charts (functional modules of software)

(b) Pareto analysis and diagrams

(c) histograms and scatter diagrams

(d) run diagrams, correlation diagrams and stratification

(e) Ishikawa (Fishbone) diagrams

(f) statistical process control (functional modules of software)

(g) check sheets

The above tools can be used to identify quality issues from data obtained by applying the metrics.

A.5 Displaying measurement results

(a) Displaying quality characteristics evaluation results

The following graphical presentations are useful to display quality evaluation results for each of the quality
characteristic and subcharacteristic.

Radar chart; Bar chart numbered histogram, multi-variates chart, Importance Performance Matrix, etc.

(b) Displaying measures

There are useful graphical presentations such as Pareto chart, trend charts, histograms, correlation charts,
efc.
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Annex B

(informative)

Use of Quality in Use, External & Internal Metrics (Framework Example)

B.1

Introduction

This framework example is a high level description of how the ISO/IEC 9126 Quality model and related
metrics may be used during the software development and implementation to achieve a quality product that
meets user's specified requirements. The concepts shown in this example may be implemented in various
forms of customization to suit the individual, organization or project. The example uses the key life cycle
processes from ISO/IEC 12207 as a reference to the traditional software development life cycle and quality
evaluation process steps from ISO/IEC 14598-3 as a reference to the traditional Software Product Quality
evaluation process. The concepts can be mapped onto other models of software life cycles if the user so
wishes as long as the underlying concepts are understood.

B.2 Overview of Development and Quality Process

Table B.1 depicts an example model that links the Software Development life cycle process activities (activity
1 to activity 8) to their key deliverables and the relevant reference models for measuring quality of the
deliverables (i.e., Quality in Use, External Quality, or Internal Quality).

Row 1 describes the software development life cycle process activities. (This may be customized to suit
individual needs). Row 2 describes whether an actual measure or a prediction is possible for the category of
measures (i.e., Quality in Use, External Quality, or Internal Quality). Row 3 describes the key deliverable that
may be measured for Quality and Row 4 describes the metrics that may be applied on each deliverable at
each process activity.

Table B.1 Quality Measurement Model

Activity 1 Activity 2 Activity 3 Activity 4 Activity 5 Activity 6 Activity 7 Activity 8
Phase Requirement | Architectural | Software Software Software System Software Software
analysis design detailed coding and | integration integration installation acceptance
(Software and | (Software and | design testing and software | and system support
systems) systems) qualification | qualification
testing testing
9126 series Required user | Predicted Predicted Predicted Predicted Predicted Predicted Measured
model quality, quality in use, | quality in use, | quality in use, | quality in use, | quality in use, | quality in use, | quality in use,
reference Required Predicted Predicted Measured Measured Measured Measured Measured
internal quality, | external external external external external external external
Required quality, quality, quality, quality, quality, quality, quality,
external quality | Measured Measured Predicted Predicted Measured Measured Measured
internal quality | internal external external internal internal internal
quality quality, quality, quality quality quality
Measured Measured
internal internal
quality quality
Key User quality Architecture Software Software Software Integrated Installed Delivered
deliverables of | requirements |design of detailed code, product, system, system software
activity (specified), Software / design Testresults | Testresults | Test results product
External quality system
requirements
(specified),
Internal quality
requirements
(specified)
Metrics used to | Internal metrics | Intemal metrics | Internal Internal Internal Internal Internal Quality in use
measure (External metrics metrics metrics metrics metrics metrics
metrics may be External External External External Internal
applied to metrics metrics metrics metrics metrics
validate External
specifications) metrics
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B.3 Quality Approach Steps

B.3.1 General

Evaluation of the Quality during the development cycle is divided into the following steps. Step 1 has to be
completed during the Requirement Analysis activity. Steps 2 to 5 have to be repeated during each process

activity defined above.

74

B.3.2 Step #1 Quality requirements identification

For each of the Quality characteristics and subcharacteristics defined in the Quality model determine the User
Needs weights using the two examples in Table B.2 for each category of the measurement. (Quality in Use,
External and Internal Quality). Assigning relative weights will allow the evaluators to focus their efforts on the

most important subcharacteristics.

(a)

(b)

Table B.2 User Needs Characteristics & Weights

Quality in Use

CHARACTERISTIC

WEIGHT
(High/Medium/Low)

Effectiveness

H

Productivity

Safety

Satisfaction

H
L
M

External & Internal Quality

CHARACTERISTIC

SUBCHARACTERISTIC

WEIGHT
(High/Medium/Low)

Functionality

Suitability

Accuracy

Interoperability

Security

Compliance

Reliability

Maturity
(hardware/software/data)

Fault tolerance

Recoverability
(data, process, technology)

Compliance

Usability

Understandability

Learmability

Operability

Attractiveness

Compliance

Efficiency

Time behaviour

Resource utilization

Compliance

Maintainability

Analyzability

Changeability

Stability

Testability

Compliance

rI==r=lrrxjxjr=|xjr|=(x| T |r| r ||| |x|x

COPYRIGHT




75

Table B.2 b) (continued)

Portability Adaptability H
Installability L
Co-existence H
Replaceability M
Compliance H

NOTE  Weights can be expressed in the High/Medium/Low manner or using the ordinal type scale in the range 1-9
(e.g.: 1-3 = low, 4-6 = medium, 7-9 = high).

B.3.3 Step #2 Specification of the evaluation

This step is applied during every development process activity.

For each of the Quality subcharacteristics defined in the Quality model identify the metrics to be applied and
the required levels to achieve the User Needs set in Step 1 and record as shown in the example in Table B.3.

Basic input and directions for the content formulation can be obtained from the example in Table B.1 that
explains what can be measured at this stage of the development cycle.

NOTE It is possible, that some of the rows of the tables would be empty during the specific activities of the
development cycle, because it would not be possible to measure all of the subcharacteristics early in the development

Process.

Table B.3 Quality measurement tables

(a)

Quality in Use Measurement Category

REQUIRED ASSESSMENT

CHARACTERISTIC METRICS LEVEL ACTUAL RESULT

Effectiveness
Productivity
Safely
Satisfaction

(b)

External Quality Measurement Category

REQUIRED ASSESSMENT

CHARACTERISTIC SUBCHARACTERISTIC METRICS LEVEL ACTUAL RESULT

Functionality Suitability
Accuracy
Interoperability
Security
Compliance

Reliability Maturity
(hardware/software/data)

Fault tolerance

Recoverability (data,
process, technology)

Compliance
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Usability

Understandability

Leamability

Operability

Attractiveness

Compliance

Efficiency

Time behaviour

Resource utilisation

Compliance

Maintainability

Analyzability

Changeability

Stability

Testability

Compliance

Portability

Adaptability

Instability

Co-existence

Replaceability

Compliance

(c)

Internal Quality Measurement Category

CHARACTERISTIC

SUBCHARACTERISTIC

METRICS

REQUIRED
LEVEL

Functionality

Suitability

Accuracy

Interoperability

Security

Compliance

Reliability

Maturity
(hardware/software/data)

Fault tolerance

Recoverability (data,
process, technology)

Compliance

Usability

Understandability

Leamability

Operability

Attractiveness

Compliance

Efficiency

Time behaviour

Resource utilisation

Compliance

Maintainability

Analyzability

Changeability

Stability

Testability

Compliance

Portability

Adaptability

Instability

Co-existence

Replaceability

Compliance
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B.3.4 Step #3 Design of the evaluation

This step is applied during every development process activity.

Develop a measurement plan (similar to example in Table B.4) containing the deliverables that are used as
input to the measurement process and the metrics to be applied.

Table B.4 Measurement plan

SUBCHARACTERISTIC | DELIVERABLES TO INTERNAL EXTERNAL QUALITY IN USE
BE EVALUATED METRICS TO BE METRICS TO BE METRICS TO BE
APPLIED APPLIED APPLIED
1. Suitability 1. 1. 1. (Not Applicable)
2. 2. 2.
3. 3. 3.
2. Satisfaction 1. (Not Applicable) (Not Applicable) 1.
2. 2.
3. 3.
3.
4.
5.
6.

B.3.5 Step #4 Execution of the evaluation

This step is applied during every development process activity.

Execute the evaluation plan and complete the column as shown in the examples in Table B.3. ISO/IEC 14598
series of standards should be used as a guidance for planning and executing the measurement process.

B.3.6 Step #5 Feedback to the organization

This step is applied during every development process activity.

Once all measurements have been completed map the results into Table B.1 and document conclusions in
the form of a report. Also identify specific areas where quality improvements are required for the product to
meet the user needs.
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Annex C
(informative)

Detailed explanation of metric scale types and measurement types

C.1 Metric Scale Types

One of the following measurement metric scale types should be identified for each measure, when a user of
metrics has the result of a measurement and uses the measure for calculation or comparison. The average,
ratio or difference values may have no meaning for some measures. Metric scale types are: Nominal scale,
Ordinal scale, Intervals scale, Ratio scale, and Absolute scale. A scale should always be defined as M'=F(M),
where F is the admissible function. Also the description of each measurement scale type contains a
description of the admissible function (if M is a metric then M'=F(M) is also a metric).

(a) Nominal Scale
M'=F(M) where F is any one-to-one mapping.

This includes classification, for example, software fault types (data, control, other). An average has a meaning
only if it is calculated with frequency of the same type. A ratio has a meaning only when it is calculated with
frequency of each mapped type. Therefore, the ratio and average may be used to represent a difference in
frequency of only the same type between early and later cases or two similar cases. Otherwise, they may be
used to mutually compare the frequency of each other type respectively.

Examples: Town transport line identification number, Compiler error message identification number
Meaningful statements are Numbers of different categories only.

(b) Ordinal Scale

M'=F(M) where F is any monotonic increasing mapping that is, M(x)==M(y) implies M'(x)=>=M'(y).

This includes ordering, for example, software failure by severity (negligible, marginal, critical, catastrophic). An
average has a meaning only if it is calculated with frequency of the same mapped order. A ratio has a
meaning only when it is calculated with the frequency of each mapped order. Therefore, the ratio and the
average may be used to represent a difference in frequency of only the same order between early and later
cases or two similar cases. Otherwise, they may be used to compare mutually the frequency of each order.

Examples: School exam.result (excellent, good, acceptable, not acceptable),

Meaningful statements: Each will depend on its position in the order, for example the median.
(c) Interval Scale

M'=aM+b (a>0)

This includes ordered rating scales where the difference between two measures has an empirical meaning.
However the ratio of two measures in an interval scale may not have the same empirical meaning.

Examples: Temperature (Celsius, Fahrenheit, Kelvin), difference between the actual computation time and the
time predicted

Meaningful statements: An arithmetic average and anything that depends on an order
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(d) Ratio Scale
M'=aM (a=>0)

This includes ordered rating scales, where the difference between two measures and also the proportion of
two measures have the same empirical meaning. An average and a ratio have meaning respectively and they
give actual meaning to the values.

Examples: Length, Weight, Time, Size, Count
Meaningful statements: Geometrical mean, Percentage
(e) Absolute Scale

M'=M they can be measured only in one way.

Any statement relating to measures is meaningful. For example the result of dividing one ratio scale type
measure by another ratio scale type measure where the unit of measurement is the same is absolute. An
absolute scale type measurement is in fact one without any unit.

Example: Number of lines of code with comments divided by the total lines of code

Meaningful statements: Everything

C.2 Measurement Types
C.2.0 General

In order to design a procedure for collecting data, interpreting fair meanings, and normalizing measures for
comparison, a user of metrics should identify and take account of the measure type of measurement
employed by a metric.

C.2.1 Size Measure Type

C.2.1.0 General

A measure of this type represents a particular size of software according to what it claims to measure within
its definition.

NOTE  Software may have many representations of size (like any entity can be measured in more than one dimension -
mass, volume, surface area etc.).

Normalizing other measures with a size measure can give comparable values in terms of units of size. The
size measures described below can be used for software quality measurement.

C.21.1  Functional Size Type

Functional size is an example of one type of size (one dimension) that software may have. Any one instance
of software may have more than one functional size depending on, for example:

(a) the purpose for measuring the software size (It influences the scope of the software included in the
measurement);

(b) the particular functional sizing method used (It will change the units and scale).

The definition of the concepts and process for applying a functional size measurement method (FSM Method)
Is provided by the standard ISO/IEC 14143-1.
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In order to use functional size for normalization it is necessary to ensure that the same functional sizing
method is used and that the different software being compared have been measured for the same purpose
and consequently have a comparable scope.

Although the following often claim that they represent functional sizes, it is not guaranteed they are equivalent
to the functional size obtained from applying a FSM Method compliant with ISO/IEC 14143-1. However, they
are widely used in software development:

1. number of spread sheets;

number of screens;

number of files or data sets which are processed;

W BN

number of itemized functional requirements described in user requirements specifications.

C.21.2 Program size type

In this clause, the term ‘programming’ represents the expressions that when executed result in actions, and
the term ‘language’ represents the type of expression used.

1. Source program size

The programming language should be explained and it should be provided how the non executable
statements, such as comment lines, are treated. The following measures are commonly used.

Non-comment source statements (NCSS) include executable statements and data declaration statements with
logical source statements.

NOTE 1 New program size

A developer may use newly developed program size to represent development and maintenance work product size.

NOTE 2 Changed program size

A developer may use changed program size to represent size of software containing modified components.

NOTE 3 Computed program size

Example of computed program size formula is new lines of code + 0.2 x lines of code in modified components (NASA
Goddard).

It may be necessary to distinguish a type of statements of source code into more detail as follows:

I.  Statement Type

Logical Source Statement (LSS). The LSS measures the number of software instructions. The
statements are irrespective of their relationship to lines and independent of the physical format in
which they appear.

Physical Source Statement (PSS). The PSS measures the number of software source lines of code.

ii.  Statement attribute
Executable statements;
Data declaration statements;
Compiler directive statements;

Comment source statements.
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iii.  Origin
Modified source statements;
Added source statements;
Removed source statements;
¢+ Newly Developed source statements: (= added source statements + modified source statements);
¢ Reused source statements: (= original - modified - removed source statements);
2. Program word count size
The measurement may be computed in the following manner using the Halstead's measure:

Program vocabulary = n1+n2; Observed program length = N1+N2, where:

« n1:Is the number of distinct operator words which are prepared and reserved by the program language in
a program source code;

e n2: Is the number of distinct operand words which are defined by the programmer in a program source
code,

« N1: Is the number of occurrences of distinct operators in a program source code;
e N2: Is the number of occurrences of distinct operands in a program source code.
3. Number of modules

The measurement is counting the number of independently executable objects such as modules of a program.

C.2.1.3 Utilized resource measure type

This type identifies resources utilized by the operation of the software being evaluated. Examples are:

(a) Amount of memory, for example, amount of disk or memory occupied temporally or permanently during
the software execution;

(b) /O load, for example, amount of traffic of communication data (meaningful for backup tools on a
network);

(c) CPU load, for example, percentage of occupied CPU instruction sets per second (This measure type is
meaningful for measuring CPU utilization and efficiency of process distribution in multi-thread software
running on concurrent/parallel systems);

(d) Files and data records, for example, length in bytes of files or records;

(e) Documents, for example, number of document pages.

It may be important to take note of peak (maximal), minimum and average values, as well as periods of time
and number of observations done.

C.2.1.4 Specified operating procedure step type

This type identifies static steps of procedures which are specified in a human-interface design specification or
a user manual.

The measured value may differ depending on what kinds of description are used for measurement, such as a
diagram or a text representing user operating procedures.
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C.2.2 Time measure type

C.2.2.0 General

The user of metrics of time measure type should record time periods, how many sites were examined and
how many users took part in the measurements.

There are many ways in which time can be measured as a unit, as the following examples show.
(a) Real time unit

This is a physical time: i.e. second, minute, or hour. This unit is usually used for describing task processing
time of real time software.

(b) Computer machinery time unit

This is computer processor's clock time: i.e. second, minute, or hour of CPU time.
(c) Official scheduled time unit

This includes working hours, calendar days, months or years.

(d) Component time unit

When there are multiple sites, component time identifies individual site and it is an accumulation of individual
time of each site. This unit is usually used for describing component reliability, for example, component failure
rate.

(e) System time unit

When there are multiple sites, system time does not identify individual sites but identifies all the sites running,
as a whole in one system. This unit is usually used for describing system reliability, for example, system
failure rate.

C.2.21 System operation time type

System operation time type provides a basis for measuring software availability. This is mainly used for
reliability evaluation. It should be identified whether the software is under discontinuous operation or
continuous operation. If the software operates discontinuously, it should be assured that the time
measurement is done on the periods the software is active (this is obviously extended to continuous
operation).

(a) Elapsed time

When the use of software is constant, for example in systems operating for the same length of time each
week.

(b) Machine powered-on time

For real time, embedded or operating system software that is in full use the whole time the system is
operational.

(c) Normalized machine time

As in "machine powered-on time”, but pooling data from several machines of different “powered-on-time” and
applying a correction factor.

C.2.2.2 Execution time type

Execution time type is the time which is needed to execute software to complete a specified task. The
distribution of several attempts should be analysed and mean, deviation or maximal values should be
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computed. The execution under the specific conditions, particularly overloaded condition, should be
examined. Execution time type is mainly used for efficiency evaluation.

C.2.2.3 User time type

User time type is measured upon time periods spent by individual users on completing tasks by using
operations of the software. Some examples are:

(a) Session time

Measured between start and end of a session. Useful, as example, for drawing behaviour of users of a home
banking system. For an interactive program where idling time is of no interest or where interactive usability
problems only are to be studied.

(b) Task time

Time spent by an individual user to accomplish a task by using operations of the software on each attempt.
The start and end points of the measurement should be well defined.

(c) User time

Time spent by an individual user using the software from time started at a point in time. (Approximately, it is
how many hours or days user uses the software from beginning).

C.2.2.4 Effort type
Effort type is the productive time associated with a specific project task.
(a) Individual effort

This is the productive time which is needed for the individual person who is a developer, maintainer, or
operator to work to complete a specified task. Individual effort assumes only a certain number of productive
hours per day.

(b) Task effort

Task effort is an accumulated value of all the individual project personnel: developer, maintainer, operator,
user or others who worked to complete a specified task.

C.2.2.5 Time interval of events type

This measure type is the time interval between one event and the next one during an observation period. The
frequency of an observation time period may be used in place of this measure. This is typically used for
describing the time between failures occurring successively.

C.2.3 Count measure type

If attributes of documents of the software product are counted, they are static count types. If events or human
actions are counted, they are kinetic count types.

C.2.3.1 Number of detected fault type

The measurement counts the detected faults during reviewing, testing, correcting, operating or maintaining.
Severity levels may be used to categorize them to take into account the impact of the fault.

C.2.3.2 Program structural complexity number type

The measurement counts the program structural complexity. Examples are the number of distinct paths or the
McCabe's cyclomatic number.
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C.2.3.3 Number of detected inconsistency type

This measure counts the detected inconsistent items which are prepared for the investigation.
(a) Number of failed conforming items

Examples:
e (Conformance to specified items of requirements specifications;
« Conformance to rule, regulation, or standard;

« Conformance to protocols, data formats, media formats, character codes.
(b) Number of failed instances of user expectation

The measurement is to count satisfied/unsatisfied list items, which describe gaps between user's reasonable
expectation and software product performance.

The measurement uses questionnaires to be answered by testers, customers, operators, or end users on
what deficiencies were discovered.

The following are examples:

¢ [Function available or not;

 Function effectively operable or not;

« Function operable to user's specific intended use or not;

e [Function is expected, needed or not needed.

C.2.3.4 Number of changes type

This type identifies software configuration items which are detected to have been changed. An example is the
number of changed lines of source code.

C.2.3.5 Number of detected failures type

The measurement counts the detected number of failures during product development, testing, operating or
maintenance. Severity levels may be used to categorize them to take into account the impact of the failure.

C.2.3.6 Number of attempts (trial) type

This measure counts the number of attempts at correcting the defect or fault. For example, during reviews,
testing, and maintenance.

C.2.3.7 Stroke of human operating procedure type

This measure counts the number of strokes of user human action as kinetic steps of a procedure when a user
is interactively operating the software. This measure quantifies the ergonomic usability as well as the effort to
use. Therefore, this is used in usability measurement. Examples are number of strokes to perform a task,
number of eye movements, etc.

C.2.3.8 Score type

This type identifies the score or the result of an arithmetic calculation. Score may include counting or
calculation of weights checked on/off on checklists. Examples: Score of checklist; score of questionnaire;
Delphi method; etc.

COPYRIGHT



85

Annex D
(informative)

Term(s)

D.1 Definitions

Definitions are from ISO/IEC 14598-1 and ISO/IEC 9126-1 unless otherwise indicated.

D.1.1 Quality

External quality: The extent to which a product satisfies stated and implied needs when used under specified
conditions.

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 “attribute” is used (rather than the term “characteristic” used in 3.1.3) as the term “characteristic” is
used in a more specific sense in ISO/IEC 9126 series.

Quality: The totality of characteristics of an entity that bear on its ability to satisfy stated and implied needs.

NOTE 2 In a contractual environment, or in a regulated environment, such as the nuclear safety field, needs are
specified, whereas in other environments, implied needs should be identified and defined.

Quality in use: The capability of the software product to enable specified users to achieve specified goals
with effectiveness, productivity, safety and satisfaction in specified contexts of use.

NOTE 3 Quality in use is the user's view of the quality of an environment containing software, and is measured from the
results of using the software in the environment, rather than properties of the software itself.

NOTE 4 The definition of quality in use in ISO/IEC 14598-1 does not currently include the new characteristic of “safety”.

Quality model: The set of characteristics and the relationships between them, which provide the basis for
specifying quality requirements and evaluating quality.

D.1.2 Software and user

Software: All or part of the programs, procedures, rules, and associated documentation of an information
processing system. (ISO/IEC 2382-1:1993)

NOTE 1 Software is an intellectual creation that is independent of the medium on which it is recorded.

Software product. The set of computer programs, procedures, and possibly associated documentation and
data designated for delivery to a user. [ISO/IEC 12207]

NOTE 2 Products include intermediate products, and products intended for users such as developers and maintainers.

User: An individual that uses the software product to perform a specific function.

NOTE 3 Users may include operators, recipients of the results of the software, or developers or maintainers of software.,
D.1.3 Measurement

Attribute: A measurable physical or abstract property of an entity.
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Direct measure: A measure of an attribute that does not depend upon a measure of any other attribute.

External measure: An indirect measure of a product derived from measures of the behaviour of the system of
which it is a part.

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

NOTE 2 The number of faults found during testing is an external measure of the number of faults in the program

because the number of faults are counted during the operation of a computer system running the program to identify the
faults in the code.

NOTE 3 External measures can be used to evaluate quality attributes closer to the ultimate objectives of the design.
Indicator: A measure that can be used to estimate or predict another measure.
NOTE 4 The measure may be of the same or a different characteristic.

NOTE 5 Indicators may be used both to estimate software quality attributes and to estimate attributes of the production
process. They are indirect measures of the attributes.

Indirect measure: A measure of an attribute that is derived from measures of one or more other attributes.

NOTE 6 An external measure of an attribute of a computing system (such as the response time to user input) is an
indirect measure of attributes of the software as the measure will be influenced by attributes of the computing environment
as well as attributes of the software.

Internal measure: A measure derived from the product itself, either direct or indirect; it is not derived from
measures of the behaviour of the system of which it is a part.

NOTE 7 Lines of code, complexity, the number of faults found in a walk through and the Fog Index are all internal
measures made on the product itself.

Measure (noun): The number or category assigned to an attribute of an entity by making a measurement.

Measure (verb). Make a measurement.

Measurement: The process of assigning a number or category to an entity to describe an attribute of that
entity.

NOTE 8 "Category” is used to denote qualitative measures of attributes. For example, some important attributes of
software products, e.g. the language of a source program (ADA, C, COBOL, etc.) are qualitative.

Metric: A measurement scale and the method used for measurement.

NOTE 9 Metrics can be internal or external.

Metrics includes methods for categorizing qualitative data.
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