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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotech

nical

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 tech
committees established by the respective organization to deal with particular fields of tech

nical
nical

activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
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work.

The procedures used to develop this document and those intended for its further maintenanc
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ne
for the different types of ISO/IEC documents should be noted. This document.was drafte

1 the

b are
eded
d in
kS or

accordance with the rules given in the ISO/IEC Directives, Part 2 (see www.isoorg/directive
www.iec.ch/members_experts/refdocs).

IEEE Standards documents are developed within the IEEE Societies and thé Standards Coordin
Committees of the IEEE Standards Association (IEEE-SA) Standards Beard. The IEEE develof
standards through a consensus development process, approved by the American National Stand
Institute, which brings together volunteers representing varied viewpoints and interests to achiey
final product. Volunteers are not necessarily members of the Institute and serve without compens3
While the IEEE administers the process and establishes rules to promote fairness in the conse
development process, the [EEE does not independently evaluate, test, or verify the accuracy of a
the information contained in its standards.

nting
s its
ards
e the
tion.
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hy of

Attention is drawn to the possibility that some of the elements of this document may be the supject

of patent rights. ISO and IEC shall not be held résponsible for identifying any or all such p
rights. Details of any patent rights identified during the development of the document will be i
Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents) or th|
list of patent declarations received (see https://patents.iec.c).

Any trade name used in this document-is'information given for the convenience of users and doe
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termsg
expressions related to conformity assessment, as well as information about ISO's adherend
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT)
www.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

ISO/IEC/IEEE 29119:4 was prepared by Joint Technical Committee ISO/IEC JTC 1, Inform
Technology, Subcommittee SC 7, Software and systems engineering, in cooperation with the System
Software Engineering Standards Committee of the IEEE Computer Society, under the Partner Stand
Development Organization cooperation agreement between [SO and IEEE.

This seeond edition cancels and replaces the first edition (ISO/IEC/IEEE 29119-4:2015), which has
technicdlly revised.
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been

The main changes compared to the previous edition are as follows:

— The test techniques in this document are defined using a new form of the test design

and

implementation process from ISO/IEC/IEEE 29119-2. In the first version, this process was based
on the use of test conditions. Feedback on use of the previous edition highlighted a problem with
users’ understanding of test conditions and their use for deriving test cases. This second edition has
replaced the use of test conditions with test models. Annex H provides more detail on this change
and the Introduction describes the new process.

Alist of all parts in the ISO/IEC/IEEE 29119 series can be found on the ISO and IEC websites.

© ISO/IEC 2021 - All rights reserved
© IEEE 2021 - All rights reserved


https://www.iso.org/directives-and-policies.html
http://www.iec.ch/members_experts/refdocs
https://www.iso.org/iso-standards-and-patents.html
https://patents.iec.ch/
https://www.iso.org/foreword-supplementary-information.html
https://www.iec.ch/understanding-standards
https://standardsiso.com/api/?name=0a0a0a2484d44b55ddfe571ef6fcbb4f

ISO/IEC/IEEE 29119-4:2021(E)

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

1(E)

The purpose of this document is to provide an International Standard that defines software test design
techniques (also known as test case design techniques or test methods) that can be used within the test

design and implementation process that is defined in ISO/IEC/IEEE 29119-2. This document doe

S not

describe a process for test design and implementation. The intent is to describe a series of techniques
that have wide acceptance in the software testing industry. This document is originally based on the
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clauses and subclauses of this document.

the

The test design techniques presented in this document can be used to derive test cases that, when
executed, generate evidence that test item requirements have been met or that defects are presgnt in

a test item (i.e. that requirements have not been met). Risk-based testing can be used\té’determin

set of techniques that are applicable in specific situations (risk-based testing isccovered in ISO
IEEE 29119-1 and ISO/IEC/IEEE 29119-2).

NOTE A “test item” is a work product that is being tested (see [SO/IEC/IEEE 29119-1).

e the
IEC/

EXAMPLE1 “Test items” include systems, software items, objects, classes; requirements documents, design

specifications, and user guides.

Each technique follows the test design and implementation precess that is defined in ISO/IEC
29119-2 and shown in Figure 1.

Of the activities in this process, this document provides @uidance on how to implement the follo
activities in detail for each technique that is described:

— create test model (TD1);
— identify test coverage items (TD2);

— derive test cases (TD3).

A test model represents testable aspects of a test item, such as a function, transaction, feature, qu

[EEE

wing

ality

attribute, or structural element identified as a basis for testing. The test model reflects the required

test completion criterion in thetést strategy.

EXAMPLE 2  If a test completion criterion for state transition testing was identified that required covers:

all states then the test model'would show the states the test item can be in.

Test coverage items are attributes of the test model that can be covered during testing. A singlg

model will typically be the basis for several test coverage items.

A test case is @set of preconditions, inputs (including actions, where applicable), and expected re{
developed~te/determine whether or not the covered part of the test item has been implemsg

correctly;

Specific (normative) guidance on how to implement the create test procedures activity (TD4) in thg
design and implementation process of ISO/IEC/IEEE 29119-2 is not included in Clauses 5 or 6 bed

the process is the same for all techniques.

1ge of

test

bults,
nted

e test
ause
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Create
@ ——>| testmodel
(TD1) Test model
\ /4
Identify test
coverage items
(TD2) 'est coverage items
\ /4
Derive
test cases
(TD3) Test cases
WV Test
Create procedures
test procedures
(TD4)

Figure 1 — ISO/IEC/IEEE 29119-2 test design and implementation process

ISO/]EC 25010 defines eight quality characteristics (includidg fanctional suitability) that can be used
to ig[entify types of testing that may be applicable for testing a specific test item. Annex A provides
exaniple mappings of test design techniques that apply to‘testing quality characteristics defined in ISO/
IEC 45010.

Expgrience-based testing practices like exploratery testing and other test practices such as model-
basef testing are not defined in this document‘because this document only describes techniques for
designing test cases. Test practices such as‘exploratory testing, which can use the test techniques
defirled in this document, are described i ISO/IEC/IEEE 29119-1.

Templates and examples of test documentation that are produced during the testing process are defined
in ISO/IEC/IEEE 29119-3. The test.techniques in this document do not describe how to document
test fases (e.g. they do not incliide information or guidance on assigning unique identifiers, test case
descriptions, priorities, traceability or pre-conditions to test cases). Information on how to document
test ¢ases can be found inASO/IEC/IEEE 29119-3.

This|document aims te'provide stakeholders with the ability to design test cases for software testing in
any ¢rganization.

viii © ISO/IEC 2021 - All rights reserved
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Software and systems engineering — Software testing —

Part 4:

Test techniques

1 Scope

This document defines test design techniques that can be used during the test design andimplement
process that is defined in ISO/IEC/IEEE 29119-2.

Each technique follows the test design and implementation process that is defined in ISO/IEC

htion

[EEE

29119-2 and shown in Figure 1. This document is intended for, but not limitedto, testers, test managers,

and developers, particularly those responsible for managing and implementihg software testing.

2 Normative references

The following documents are referred to in the text in such. asway that some or all of their co
constitutes requirements of this document. For dated refekences, only the edition cited applies

htent
. For

undated references, the latest edition of the referenced deéument (including any amendments) applies.

ISO/IEC/IEEE 29119-2, Software and systems engineéring — Software testing — Part 2: Test process|

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO, IEC and IEEE maintain terminolegy databases for use in standardization at the following addre

— SO Online browsing platform? available at https://www.iso.org/obp

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

— IEEE Standards Dictionary Online: available at https://ieeexplore.ieee.org/xpls/dictionary.jsp

es

SSes:

NOTE For additiohal terms and definitions in the field of systems and software engineering, see 1ISO
IEEE 24765, whicliis published periodically as a “snapshot” of the SEVOCAB (Systems and software Engine
Vocabulary) database and is publicly accessible at https://www.computer.org/sevocab.

3.1
BackussNaur Form
formal' meta-language used for defining the syntax of a language in a textual format

3.2

IEC/
ering

base choice
base value

input parameter value used in ‘base choice testing’ that is normally selected based on being a

representative or typical value for the parameter

3.3

boundary value analysis

specification-based test case (3.49) design technique based on exercising the boundaries of equiva
partitions (3.28)

© ISO/IEC 2021 - All rights reserved
© IEEE 2021 - All rights reserved
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3.4

branch condition combination testing
structure-based test case (3.49) design technique based on exercising combinations of Boolean values
of conditions (3.13) within a decision

3.5

branch condition testing
structure-based test case (3.49) design technique based on exercising Boolean values of the conditions

(3.13

3.6

bran
strugd
(3.14

3.7

C-us¢
com
use

hY el 1 _—— 1.1 L ] " £ 9340
) WILIIIT UCCUISIOILS dITIU LIS UCCISTONIT OULCUITIES (D.41)

ch testing
ture-based test case (3.49) design technique based on exercising branches in the control flow
) of the test item (3.52)

butation data use
f the value of a variable in any type of statement

3.8

graphical representation of decision rules (3.22) between causes “(inputs described as Boolean

cauI-effect graph

condjfitions) and effects (outputs described as Boolean expressions)

3.9

cause-effect graphing

spec

effec

3.10
class
hiera
class

3.11
class
spec
(3.10

3.12
com
class
pairs

fication-based test case (3.49) design technique baseden exercising decision rules (3.22) in a cause-
 graph (3.8)

ification tree
rchical tree model of the input data to a pregram in which the inputs are represented by distinct
ifications (relevant test aspects) and classes (input values)

ification tree method
fication-based test case (3.49) design technique based on exercising classes in a classification tree

)

binatorial test design/'techniques
of specificationsbased test case (3.49) design techniques based on exercising combinations of P-V
(3.38)

EXANPLE AlPeombinations testing (3.57), pair-wise testing, each choice testing, base choice testing

3.13
cond

ition

Bool

pan/expression containing no Boolean operators

EXAMPLE “A < B” is a condition but “A and B” is not.

3.14

control flow
sequence in which operations are performed during the execution of a test item (3.52)

3.15

control flow sub-path
sequence of executable statements (3.30) within a test item (3.52)

© ISO/IEC 2021 - All rights reserved
© IEEE 2021 - All rights reserved



http://www.testingstandards.co.uk/bs_7925-1_online.htm#Component
https://standardsiso.com/api/?name=0a0a0a2484d44b55ddfe571ef6fcbb4f

ISO/IEC/IEEE 29119-4:2021(E)

3.16

data definition

variable definition

statement where a variable is assigned a value

3.17
data definition c-use pair
data definition (3.16) and subsequent computation data use (3.7), where the data use (3.20) uses the

1 1. L 11 ; h LR
vdlutc UCIIIICU 11T ULIIC Udld UCTIITITIUII

3.18

data definition p-use pair
data definition (3.16) and subsequent predicate data use (3.37), where the data use (3.20) uiSes the yalue
defined in the data definition

3.19
data flow testing
class of structure-based test case (3.49) design techniques based on exercising definition-use pairs (B.26)

EXAMPLE All-definitions testing (3.57), all-c-uses testing, all-p-uses testing, all-uses testing, all-du-paths
testing.

3.20
data use
executable statement (3.30) where the value of a variable is accessed

3.21
decision outcome
result of a decision that determines the branch tobeexecuted

3.22

decision rule
combination of conditions (3.13) (also kneWwn as causes) and actions (also known as effects) that prgduce
a specific outcome in decision table testing (3.24) and cause-effect graphing (3.9)

3.23

decision table
tabular representation of decision rules (3.22) between causes (inputs described as Boolean conditions
(3.13)) and effects (outputsdescribed as Boolean expressions)

3.24

decision table testing
specification-baséd test case (3.49) design technique based on exercising decision rules (3.22)|in a
decision table{3.23)

3.25

decision'testing
structure-based test case (3.49) design technique based on exercising decision outcomes (3.21) inh the
eantrol flow (3.14) of the test item (3.52)

326
definition-use pair

data definition-use pair

data definition (3.16) and subsequent predicate (3.40) or computational data use (3.20), where the data
use uses the value defined in the data definition

© ISO/IEC 2021 - All rights reserved 3
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3.27
entry point
point in a test item (3.52) at which execution of the test item can begin

Note 1 to entry: An entry point is an executable statement (3.30) within a test item that can be selected by an
external process as the starting point for one or more paths (3.39) through the test item. It is most commonly the
first executable statement within the test item.

3.28

equil::alence partition
equijvalence class
clasqof inputs or outputs that are expected to be treated similarly by the test item (3.52)

3.29
equiyvalence partitioning
spec|fication-based test case (3.49) design technique based on exercising equivalence partitions (3.28)

3.30

executable statement

statgment which, when compiled, is translated into object code, which will be executed procedurally
when the test item (3.52) is running and may perform an action on programdata

3.31
exit point
last gxecutable statement (3.30) within a test item (3.52)

Note|l to entry: An exit pointis a terminal point of a path (3.39) througl/a test item, being an executable statement
within the test item which either terminates the test item or returns control to an external process. This is most
comrhonly the last executable statement within the test item.

3.32
expégcted result

obsefvable predicted behaviour of the test itemA3.52) under specified conditions (3.13) based on its
spec|fication or another source

3.33
expdrience-based testing
clasdof test case (3.49) design techniques based on using the experience of testers to generate test cases

EXANPLE Error guessing.

Note|1 to entry: Experience.based testing (3.57) can include concepts such as test attacks, tours, and error
taxorjomies which target potential problems such as security, performance, and other quality areas.

3.34
metamorphic relation

description of how changes to the test inputs for a test case (3.49) affect the expected outputs based on
the requiredsbehaviour of a test item (3.52)

3.35
metamorphic testing

specification-based test case (3.49) design technique based on generating test cases on the basis of
existing test cases and metamorphic relations (3.34)

3.36

modified condition/decision coverage testing

MCDC testing

structure-based test case (3.49) design technique based on demonstrating that a single Boolean
condition (3.13) within a decision can independently affect the outcome of the decision

4 © ISO/IEC 2021 - All rights reserved
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3.37

p-use

predicate data use

data use (3.20) associated with the decision outcome (3.21) of the predicate (3.40) portion of a decision
statement

3.38
P-V pair

pdl dlllC‘LCl'leuC pdil
combination of a test item (3.52) parameter with a value assigned to that parameter, used as‘q test
coverage item in combinatorial test design techniques (3.12)

3.39
path
sequence of executable statements (3.30) of a test item (3.52)

3.40
predicate
logical expression which evaluates to TRUE or FALSE to direct the executien’path (3.39) in code

3.41

random testing
specification-based test case (3.49) design technique based ‘on generating test cases to exercise
randomly selected test item (3.52) inputs

3.42
requirements-based testing
specification-based test case (3.49) design techniquebased on exercising atomic requirements

EXAMPLE An atomic requirement can be ‘The system shall collect and store the date of birth of all regisfered
users.’

3.43

scenario testing
specification-based test case (3.49)"design technique based on exercising sequences of interacfions
between the test item (3.52) and other systems

Note 1 to entry: Users are considered to be other systems in this context.

3.44
state transition testing
specification-based test case (3.49) design technique based on exercising transitions in a state moglel

EXAMPLE Example state models are state transition diagram and state table.
3.45
statement testing

strueture-based test case (3.49) design technique based on exercising executable statements (3.30) in
thesource code of the test item (3.52)

347

sub-path
path (3.39) that is part of a larger path

3.46

syntax testing

specification-based test case (3.49) design technique based on exercising elements of a formal definition
of the test item (3.52) inputs

EXAMPLE Backus-Naur Form (3.1) is commonly used for defining the syntax of test item inputs.

© ISO/IEC 2021 - All rights reserved 5
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3.48

test

activity in which a system or component is executed under specified conditions (3.13), the results are
observed or recorded, and an evaluation is made of some aspect of the system or component

3.49
test case
set of preconditions, inputs and expected results (3.32), developed to drive the execution of a test item

Lo WY i - Lo o Lo oo
(3.5 tommeettest ubyectives t3-55)

Note|l to entry: A test case is the lowest level of test implementation documentation (i.e. test cases are not made
up offtest cases) for the test level (3.53) or test type (3.56) for which it is intended.

Note [2 to entry: Test case preconditions include the required state of the test environment, data (e.g, databases)
used py the test item, and the test item itself.

Note B to entry: Inputs are the data information and actions, where applicable, used to drive test execution (3.51).

3.50
test fondition

testgble aspect of a component or system, such as a function, transaction, feature, quality attribute, or
strugtural element identified as a basis for testing (3.57)

Note|l to entry: ISO/IEC/IEEE 29119 (all parts) does not use the concept of test conditions, but instead uses the
concgpt of a test model (3.54) for test design. See Annex H for an explanatipin

3.51
test pxecution
procgss of running a test (3.48) on the test item (3.52), producing actual results

3.52
test jtem

test pbject

worl product to be tested

EXANMPLE Software component, system, requirements document, design specification, user guide.

3.53
test level

one ¢f a sequence of test stages,.each of which is typically associated with the achievement of particular
obje¢tives and used to treat pacticular risks

EXANMPLE The followihg) are common test levels, listed sequentially: unit/component testing (3.57),
integfation testing, systemm.testing, system integration testing, acceptance testing.

Note|l to entry: It is,not always necessary for a test item (3.52) to be tested at all test levels, but the sequence of
test levels generallysstays the same.

Note |2 to entry: Typical objectives can include consideration of basic functionality for unit/component testing,
interaction\between integrated components for integration testing, acceptability to end users for acceptance

testilrg

3.54

test model

representation of the test item (3.52), which allows the testing (3.57) to be focused on particular
characteristics or qualities

EXAMPLE Requirements statements, equivalence partitions (3.28), state transition diagram, use case
description, decision table (3.23), input syntax description, source code, control flow (3.14) graph, parameters
and values, classification tree (3.10), natural language.

Note 1 to entry: The test model and the required test coverage are used to identify test coverage items.
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Note 2 to entry: A separate test model can be required for each different type of required test coverage included
in the test completion criteria.

Note 3 to entry: A test model can include one or more test conditions (3.50).
Note 4 to entry: Test models are commonly used to support test design (e.g. they are used to support test design

in this document, and they are used in model-based testing). Other types of models exist to support other aspects
of testing, such as test environment models, test maturity models and test architecture models.

3.55
test objective
reason for performing testing (3.57)

EXAMPLE Checking for correct implementation, identification of defects, measuring quality.

3.56
test type
testing (3.57) that is focused on specific quality characteristics

EXAMPLE Security testing, functional testing, usability testing, and performdnce testing.

Note 1 to entry: A test type can be performed at a single test level (3.53) or across several test level§ (e.g.
performance testing performed at a unit test level and at a system test level).

3.57
testing
set of activities conducted to facilitate discovery and evaluation of properties of test items (3.52)

Note 1 to entry: Testing activities include planning, preparation, execution, reporting, and management actiyities,
insofar as they are directed towards testing.

4 Conformance

4.1 Intended usage

The requirements in this document are contained in Clauses 5 and 6. It is recognized that partitular
projects or organizations will not need to use all of the techniques defined by this docurpent.
Implementation of ISO/IEC/IEEE 29119-2 involves using a risk-based approach to select a subget of
techniques suitable for a.given project or organization. There are two ways that an organizati¢n or
individual can claim conformance to the provisions of this document - full conformance and tailored
conformance.

The organizatjotrshall assert whether it is claiming full or tailored conformance to this document,

4.2 Fullconformance

Full.cenformance is achieved by demonstrating that all of the requirements (i.e. ‘shall’ statements) of
théchosen (non-empty) set of techniques in Clause 5 and the corresponding test coverage measurement
approaches in Clause 6 have been satisfied.

EXAMPLE An organization can choose to conform only to one technique, such as boundary value analysis. In
this scenario, the organization would only be required to provide evidence that they have met the requirements
of that one technique in order to claim conformance to this document.

4.3 Tailored conformance

Tailored conformance is achieved by demonstrating that the chosen subset of requirements from the
chosen (non-empty) set of techniques and corresponding test coverage measurement approaches have
been satisfied. Where tailoring occurs, justification shall be provided (either directly or by reference)
whenever the normative requirements of a technique defined in Clause 5 or measure defined in Clause 6
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are not followed completely. All tailoring decisions shall be recorded with their rationale, including the
consideration of any applicable risks. Tailoring shall be agreed by the relevant stakeholders.

5 Test design techniques

5.1 Overview

This[document defines test design techniques for specilication-based testing (5.2, structure-based
testihg (5.3) and experience-based testing (5.4). In specification-based testing, the test basis (e@.
requjrements, specifications, models or user needs) is used as the main source of information to design
test ¢ases. In structure-based testing, the structure of the test item (e.g. source code or the structuré of
a moel) is used as the primary source of information to design test cases. In experience-basedtesting,
the Kknowledge and experience of the tester is used as the primary source of information.during test
case|design. For specification-based testing, structure-based testing and experience-based testing,
the fest basis is used to generate the expected results. These classes of test design te€chniques are
complementary, and their combined application typically results in more effective tésting.

Althgugh the techniques presented in this document are classified as specifijeation-based, structure-
basefl or experience-based, in practice some of them can be used interchangeably (e.g. branch testing
can pe applied to the specification of the graphical user interface of a~web-based system). This is
dem¢nstrated in Annex E. In addition, although each technique is defined.independently of all others, in
practice some can be used in combination with other techniques.

EXAMPLE The test coverage items derived by applying equivalenée partitioning can be used to identify the
inpufjparameters of test cases derived for scenario testing.

Thisdocument uses the terms specification-based testing atid structure-based testing; these categories
of terhniques are also known as "black-box testing" and "white-box testing" (or "clear-box testing")
respectively. The terms “black-box” and “white-boxXtefer to the visibility of the internal structure of
the tpst item. In black-box testing the internal strugture of the test item is not visible (hence the black
box){whereas for white-box testing the internalStructure of the test item is visible. When a technique
is applied while utilising a combination of knowledge from the test item’s specification and structure,
this {s often called "grey-box testing".

This|document defines how the generic test design and implementation process steps TD1(create test
model), TD2 (identify test coverage ‘items), and TD3 (derive test cases) from ISO/IEC/IEEE 29119-2
(see [ntroduction) shall be used.by each technique. It does not provide context-specific definitions of
the techniques that describe how each technique should be used in all situations. Annex B, Annex C,
Anndx D and Annex E provide detailed examples that demonstrate how to apply the techniques.

The fechniques that are“defined this document are shown in Figure 2. This set of techniques is not
exhapstive. There aremseful techniques that are used by testing practitioners or researchers that are
not ihcluded in this’"document.
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in ISO/IEC/IEEE 29119-4

te

[

Specification-based

chniques
(5.2)

)

Equivalence partitioning
(5.2.1)

[

1
1
Specification-based ( Experience-based
techniques ] techniques ]
(5.3) L (5.4)

Statement testing
(5.3.1)

Error guessing
(5.4.1)

Classification tree method

(5.2.2)
7
N
Boundary value analysis
(5.2.3)
J
N

Syntax testing
(5.2.4)

il IR N I N

Combinatorial
test design techniques
(5.2.5)

J

Branch testing
(5.3.2)

Decision testing
(5.3.3)

Branch condition testing
(5.3.4)

Branch condition
combination testing
(5.3.5)

J

All combinations testing
(5.2.5.3)

Modified condition decision )
coverage testing

j ENNU N R N ERp S

Each choice testing
(5.2.5.5)

Base choice testing
(5.2.5.6)

i I N s

~\

N
Decision table testing
(5.2.6)

Cause-effect graphing
(5.2.7)

State transition testing
(5.2.8)

Scenario testing
(5)2:9)

Random testing
(5.2.10)

K
_[
_[

Metamorphic testing
(5.2.11)

_[

Requirement-based testing
(5.2.12)

Figure 2 — The set of test design techniques presented in this document
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(5.3.7.4)
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(5.3.7.5)

All-du-paths testing
(5.3.7.6)

Of the four activities in the test design and implementation process (see Figure 1), test design
techniques provide unique and specific guidance on the derivation of test models (TD1), identification
of test coverage items (TD2) and the derivation of test cases (TD3). Therefore, each technique is defined
in terms of these three activities.

There are varying levels of granularity within steps TD1 (create test model), TD2 (identify test coverage
items) and TD3 (derive test cases). Within each technique, the term "model" is used to describe the
concept of preparing a logical representation of the test item for the purposes of deriving test coverage
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items in step TD2 (e.g. a control flow model is normally used as a test model for identifying test coverage
items for all structural techniques).

EXAMPLE 1 In state transition testing, if there is a requirement to cover all states then the state model for the
test item would form the test model. If there is a requirement to cover all transitions between states, then each
transition would be a test coverage item.

In addition, since some techniques share underlying concepts, their definitions contain similar text.

EXANIPLEZ  Both equivalence partitioning and boundary value analysis are based on equivalence classes.

In the test case design activity (TD3) of each technique, test cases that are created may be “valid”. (i
they|contain input values that the test item should accept as correct) or “invalid” (i.e. they contain at
least] one input value that the test item should reject as incorrect, ideally with an appropriate”error
mesgage). In some techniques, such as equivalence partitioning and boundary value analysis; invalid
test fases are usually derived using the “one-to-one” approach as it avoids fault maskingyby ensuring
that feach test case only includes one invalid input value, while valid test cases are typically derived
using the “minimized” approach, as this reduces the number of test cases required té-cover valid test
covefage items (see 5.2.1.4 and 5.2.3.3).

NOTH “Valid” test cases are also known as “positive” test cases. Invalid cases are-also known as “negative”
test dases.

Alth¢ugh the techniques defined in this document are each described-in a separate clause (as if they
werg mutually exclusive), in practice they can be applied in a blended‘way.

EXANPLE 3  Boundary value analysis can be used to select test inputvalues, after which pair-wise testing can
be used to design complete test cases from the test input values. Similarly, equivalence partitioning can be used
to select the classifications and classes for the classification tree method and then each choice testing can be
used [to construct test cases from the classes.

The techniques presented in this document can alsg\be used in conjunction with the test types that
are pgresented in Annex A. For example, equivalenee partitioning can be used to identify user groups
and then representative users (test coverage items) from those groups to create test cases for usability
testipg.

The [definitions of the techniques are provided in Clause 5. The corresponding coverage measures
for epch technique are presented in(Clause 6. These are supported by examples of each technique in
Anngxes B, C, D and E. Although the eXamples of each technique demonstrate manual application of the
techhique, in practice, automatienean be used to support some types of test design and execution.

EXAMPLE 4  Statement covektage analysers can be used to support structure-based testing.

>

nngx A provides examples of how the test design techniques defined in this document can be applied
to tefting the non-funetional quality characteristics defined in ISO/IEC 25010.

5.2 [ Specification-based test design techniques

5.2.1 Equivalence partitioning

5.2.1.T General

Equivalence partitioning (BS 7925-2; Myers 1979[19]) is based on exercising equivalence partitions.
These equivalence partitions are derived based on the expectation that values within a partition should
be treated similarly by the test item.

5.2.1.2 Create test model (TD1)

A test model shall be created that identifies the equivalence partitions for the test item. A suitable test
model shows the various functions expected to be performed by the test item from which equivalence
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partitions can be derived. These functions can be considered as a set of processes, which can be
decomposed into input processes, internal processes and output processes.

The functions described in the test item’s specification can typically be used to identify its internal
processes. Consideration of the inputs and outputs of the test item can be used to help determine its

probable input and output processes.

Equivalence partitions should be identified for both valid and invalid functions (leading to both valid

those that are not included in the specification and which cannot reasonably be expected to be iriel
in a correct implementation of the test item. Similarly, invalid inputs are those that should-eith
ignored by the test item or cause the test item to output an error message.

of another partition. By adding detail to the test model, further equivalence partitions can oftg
derived, often as subsets of existing partitions. As more detail and partitions are\ddded, the numh
test cases required to fully exercise the test model is likely to increase.

EXAMPLE For a test item expecting lowercase alphabetical characters .as/(valid) inputs, invalid

partitions can be derived containing integers, reals, uppercase alphabetical characters, symbols and cd
characters, depending on the level of rigour required during testing. If eaCh,of these partitions were inc
separately in the model, each would be expected to be exercised to achieve full coverage, whereas if a {
partition was created to cover all invalid inputs, then only a single partitien would need to be exercised to ac
full partition coverage.

NOTE1 Invalid equivalence partitions that correspond to<nputs, functions or outputs that have not

different testers will often derive different invalid partitiods. This subjective form of test design can also
when applying experience-based techniques like error guessing.

NOTE2 Domain analysis (Beizer 1995[2]) is often<lassified as a combination of equivalence partitionin
boundary value analysis.

5.2.1.3 Identify test coverage items-(TD2)

Each equivalence partition shall belidentified as a test coverage item.

5.2.1.4 Derive test cases (TD3)

ded
br be

Equivalence partitions for a test item can overlap, and in some situations, one partitign¢can be a siibset
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specified (as is often the case) are typically based on the experience and imagination of the tester, which means

pccur

o and

Test cases shall be derived to exercise the test coverage items (i.e. the equivalence partitions)| The
following steps shall be used during test case derivation:
a) Decide on an-approach for selecting combinations of test coverage items to be exercised by test
cases. Two-gommon approaches are (BS 7925-2; Myers 1979[19]):
1) one-to-one, in which each test case is derived to cover a specific equivalence partition;
2).¥minimized, in which the minimum number of test cases is derived to cover each equivalence
partition at least once.
NOTE Other npprnathQ to qplprting combinations of test coverage items to he exercised hv test cases
are described in 5.2.5.
b) Select test coverage items for inclusion in the current test case based on the approach chosen in
step a).
c) Identify input values to exercise the test coverage items to be covered by the test case and arbitrary
valid values for any other input variables required by the test case.
d) Determine the expected result of the test case by applying the inputs to the test basis.
e) Repeat steps b) to d) until the required level of test coverage is achieved.
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5.2.2 C(Classification tree method

5.2.2.1 Create test model (TD1)

The classification tree method shall use a test model that partitions the input domain of the test item
in terms of “classifications” and represents them graphically in the form of a classification tree. See
Grochtmann and Grimm 1993[1] for more details. Each classification consists of a complete and disjoint
(non-overlapping) set of “classes” (values the classifications can take). These classes may be further

clasdified (even recursively) into sub-classifications and sub-classes, depending on the level of rigour
requjred in the testing.

NOTH The process of partitioning in the classification tree method is similar to equivalence partitioning.
The Hey difference is that in the classification tree method, the partitions (which are classifications and classes)
are cpmpletely disjoint, whereas in equivalence partitioning, they can overlap depending on how the technique is
appligd.

5.2.1.2 Identify test coverage items (TD2)
Ther are two approaches for identifying test coverage items for classificationtrees:

— When the required test coverage is based on “minimality”, then the test coverage items shall be
identified as the classes represented by leaf nodes in the classification tree.

— When the required test coverage is based on “maximality”, theh. the test coverage items shall be
identified as unique combinations of the classes representeddy leaf nodes in the classification tree.

5.2.2.3 Derive test cases (TD3)

Test cases shall be derived to exercise the test coveragesitems. When deriving test cases, combinations
of clgsses are included in each test case.

NOTH The combinations of classes are often illusErated in a combination table (see Figure B.1).
The following steps shall be followed during(test case derivation:

a) Based on the selected coverage criterion, select a combination of classes for inclusion in the current
jest case that has not already been/covered by a test case.

b) Identify input values for anyrelasses that do not already have an assigned value in the current test
¢ase.

c) Determine the expected result of the test case by applying the inputs to the test basis.

d) Repeat steps a)t0.¢) until the required level of test coverage is achieved.
5.2. Boundary value analysis

5.2.3.1 £ €reate test model (TD1)

BOu Udly vVdIlUut d aV d USC d UUCI U C C ite d Dd .. o1 DU d U OUtpu U C
test item into a number of ordered sets and subsets (i.e. partitions and sub-partitions) with identifiable
boundaries, where each boundary is then used to identify test coverage items. See BS 7925-2 and Myers
1979019 for more details. These partitions correspond to those equivalence partitions defining ordered
sets that would form the test model for equivalence partitioning (see 5.2.1.2).

EXAMPLE For a partition defined as integers from 1 to 10 inclusive, there are two boundaries, where the
lower boundary is 1 and the upper boundary is 10, and these two input values would be covered by testing.

NOTE For output boundaries, corresponding input partitions are derived based on the processing described
in the test item’s specification. Test inputs are then selected from the input partitions that cause the output
partitions to occur during testing.
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5.2.3.2 Identify test coverage items (TD2)
One of the following two options for the identification of test coverage items shall be used:
— two-value boundary testing; or

— three-value boundary testing.

For two-value boundary testing, two test coverage items shall be identified for each boundary,

corresponding to values on the boundary and an incremental distance outside the boundary, df the

equivalence partition. This incremental distance shall be defined as the smallest significant ¥alu
the data type under consideration.

For three-value boundary testing, three test coverage items shall be identified forceach boun
corresponding to values on the boundary and an incremental distance each side of the\boundary d
equivalence partition. This incremental distance shall be defined as the smallestsignificant valu
the data type under consideration.

NOTE1 Some partitions can have only a single boundary identified in thé test basis. For examplg
numerical partition “age = 70 years” has a specified lower boundary but not an.obvious upper boundary. In
cases, a boundary value imposed by the actual implementation can be used-as a boundary value, such 4
largest value that is accepted by the input field (such decisions are ideally*dgcumented; for example, in th
specification documentation).

NOTE 2 Two-value boundary value testing is typically adequate in most situations; however, three-
boundary testing can be required for certain circumstances (e.g. for'rigorous testing to check that no errors
made in determining the boundaries of variables in the test item by both testers and developers).

NOTE 3 In both two- and three-value boundary valueXtesting, contiguous partitions (partitions that sh

boundary) will result in duplicate test coverage items;in which case it is typical practice to only exercise
duplicated values once. For an example of duplicate boundaries, see B.2.3.5.

5.2.3.3 Derive test cases (TD3)
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Test cases shall be derived to exercisethe test coverage items. The following steps shall be used diiring

test case derivation:

a) Decide on an approach for,selecting combinations of test coverage items to be exercised by test
cases. Two common approaches are (BS 7925-2; Myers 1979[12]):
1) one-to-one, in Wwhich each test case is derived to exercise a specific test coverage item;
2) minimized,)in which test coverage items are included in test cases such that the minimum

number of test cases are derived to cover all test coverage items at least once.

NOTE Other approaches to selecting combinations of test coverage items to be exercised by test fcases
are deScribed in 5.2.5.

b) <Seléct test coverage items for inclusion in the current test case based on the approach chosgn in
step a).

c}—Identify arbitrary valid values for any otherinput variables required by the test case that were not
already selected in step b).

d) Determine the expected result of the test case by applying the input(s) to the test basis.

e) Repeatstepsb) to d) until the required level of test coverage is achieved.
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5.2.4 Syntax testing

5.2.4.1 Create test model (TD1)

Syntax testing shall use a formal model of the inputs to a test item as the basis for test design. See
Beizer 1995[2] and Burnstein 2003[3] for more details. This syntax model is represented as a number of
rules, where each rule defines the format of an input parameter in terms of “sequences of”, “iterations
of”, or “selections between” elements in the syntax. The syntax may be represented in a textual or

diagfammatic format.

EXANPLE1  Backus-Naur Form is a formal meta-language that can be used to define the syntax for the inputs
to a tpstitem in a textual format.

EXAMPLE 2  An abstract syntax tree can be used to represent formal syntax diagrammatically.

5.2.4.2 Identify test coverage items (TD2)

In syjntax testing, test coverage items shall be identified based on two goals: positive’testing, in which
test foverage items are identified to cover the valid syntax in various ways, and“negative testing, in

henever selection is mandated by the syntax, an “option” is identified for each alternative
rovided for that selection.

XAMPLE1  For the input parameter “colour = Blue.{Red | Green” (where | represents the “OR” Boolean
perator), three options “Blue”, “Red” and “Green” willbe derived as test coverage items.

b) henever an iteration is mandated by the<syntax, at least two “options” are identified for the
iteration; one with the minimum number-of repetitions and the other with more than the minimum

umber of repetitions.

XAMPLE 2 For the input parameter “letter = [A - Z | a - z]*” (where “*” represents “one or more”), two
ptions, “one letter” and “more than'one letter” will be identified as test coverage items.

henever iteration is mapdated with a maximum number of repetitions, at least two “options” are
identified for the iteration; one with the maximum number of repetitions and the other with less
han the maximum ntmber of repetitions.

EXANPLE 3  For thednput parameter “letter = [A - Z | a - z]190” (where “100” represents the fact that a letter
can He chosen up to<100 times), two options “100 letters” and “less than 100 letters” will be identified as test
covellage items.

To identify_“mutations”, the defined syntax may be mutated in various ways, often dependent on the
experiencerand creativity of the tester.

EXANPLE 4  For the input parameter “colour = Blue | Red | Green”, one “mutation” can be to introduce an

invalid value for the parameter as the test coverage item, such as selecting the value “Yellow”, which does not
appear in the input parameter list. Other example mutations are provided in B.2.4.5.
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5.2.4.3 Derive test cases (TD3)

Test cases for syntax testing shall be derived to cover the identified options and mutations. The
following steps shall be used during test case derivation:

a) Decide on an approach for selecting combinations of test coverage items to be exercised by test
cases, where two common approaches are:

1) one-to-one, in which each test case is derived to exercise a specific option or mutation; or

2) minimized, in which options and mutations are included in test cases such that the minimum
number of test cases are derived to cover all options and mutations at least once.

NOTE 1 Other approaches to selecting combinations of test coverage items to\be exercisgd by
test cases are described in 5.2.5.

NOTE 2 Using a minimized approach for mutations can lead to such unrealistic test inputs that it
can be unlikely that the test item will fail to identify the test input as invalids

b) Select test coverage items for inclusion in the current test case.

c) Identify input values to exercise the test coverage items to be covered by the test case and arbifrary
valid values for any other input variables required by the test/case.

d) Determine the expected result of the test case by applying the inputs to the test basis.

e) Repeatstepsb) to d) until all identified options and mdtations are exercised.
5.2.5 Combinatorial test design techniques

5.2.5.1 Overview

Combinatorial test design techniques (Griftdal, Offutt and Andler 2005[10]) are used to systematically
derive a meaningful and manageable subset of test cases that cover the test model and the assocjated
test coverage items that are derivablé.during testing. The combinations of interest are defined in terms
of test item parameters and the values these parameters can take. Where numerous parameters (each
with numerous discrete values) must interact, this technique enables a significant reduction in the
number of test cases required'without compromising functional coverage.

5.2.5.2 Create testmodel (TD1)

All combinatorial(test design techniques shall use a test model comprising a set of P-V pairs| that
combines each.ofthe test item parameters (P) taking on each of their possible values (V).

The test item/parameters represent particular aspects of the test item that are relevant to the tedting,
and oftetcorrespond to the input parameters to the test item, but other aspects may also be used,

EXAMPLE1 In configuration testing, the parameters can be various environment factors, such as opeifating
system and browser.
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to be finite and manageable. Some test item parameters may be naturally constrained to only take on a
small set of possible values while other test item parameters may be far less constrained.

EXAMPLE 2  Atestitem parameter that is naturally constrained to a small number of values is a “day_of week”
parameter that can only take on seven specific values “[Monday | Tuesday | Wednesday | Thursday | Friday |
Saturday | Sunday]”.

EXAMPLE 3 A test item parameter that is far less constrained is a parameter consisting of any Real number,
which exists along a potentially infinite number line.
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For unconstrained test item parameters, it may first be necessary to apply other test design techniques,
such as equivalence partitioning or boundary value analysis, to reduce the large set of possible values
for a parameter to a manageable subset.

5.2.5.3 All combinations testing

5.2.5.3.1 Identify test coverage items (TD2)

In ‘alll combinations’ testing, the test coverage items shall be members of the set of all unique
combinations of P-V pairs, such that each parameter is included at least once in the set. See Grindal,
Offuft and Andler 2005[10] for more details.

5.2.3.3.2 Derive test cases (TD3)

Test [cases shall be derived in which each test case exercises one unique combination of PV pairs. The
folloving steps shall be used during test case derivation:

a) $elect test coverage items for inclusion in the current test case that have notdlready been covered
y a test case.

b) Determine the expected result of the test case by applying the input(s)\to the test basis.
) epeat steps a) and b) until the required level of test coverage isachieved.

NOT The minimum number of test cases required to achieve 100 % all combinations testing coverage
corrgsponds to the product of the number of P-V pairs for each testitem parameter.

EXAMPLE A test item with two parameters for digits, (10" possible values) and lower-case alphabetic
chardcters (26 possible values) would result in 260 test cases.

5.2.3.4 Pair-wise testing

5.2.3.4.1 Identify test coverage items (TD2)

In pgir-wise testing, the test coverage. items shall be unique pairs of P-V pairs, where each P-V pair
withjn the pair is for a different test(item parameter. See Grindal, Offutt and Andler 200512 for more
detalls.

EXANPLE A test item with(two parameters for months (12 values) and gender (two values) results in
24 passible pairs of P-V pairs (elg.January-female, January-male, February-female, February-male, March-female).

Instgad of all possible.¢gmbinations of the parameters (as was required for all combinations testing),
this technique covers-all possible pairs of the selected values within the total set, thereby efficiently
exer¢ising the testiteém with fewer test cases. Pair-wise testing is also known as “all pairs” testing.

5.2.3.4.2 Derive test cases (TD3)

Havipgidentified the P-V pairs, test cases shall be derived steps to exercise pairs of P-V pairs, where each
test ¢ase exercises one or more unique pairs. The following shall be used during test case derivation:

a) Select test coverage items for inclusion in the current test case, where pairs of P-V pairs cover one
or more pairs of parameter values that have not yet been included in a test case.

b) Identify arbitrary valid values for any other parameters present in the test case.
c) Determine the expected result of the test case by applying the inputs to the test basis.

d) Repeat steps a) to c) until all unique pairs of P-V pairs have been exercised.
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The minimum number of test cases required to achieve 100 % pair-wise testing is not easily calcul

1(E)

ated.

A near-optimal set may be considered acceptable and may be calculated using one of the following three

options:
— manually determine a near-optimal set using an algorithm;
— use an automated tool (implementing an algorithm) to determine a near-optimal set; or

— use orthogonal arrays (Mandl 1985[18]) to determine a near-optimal set.

5.2.5.5 Each choice testing

5.2.5.5.1 Identify test coverage items (TD2)

In each choice (or 1-wise) testing, the test coverage items shall be members of the'set of P-V pairs
that each parameter value is included at least once in the set. See Grindal, Offutt and Andler 20051
more details.

5.2.5.5.2 Derive test cases (TD3)

Test cases shall be derived to exercise P-V pairs, where each test ease exercises one or more P-V
that have not been previously included in a test case. The following-steps shall be used during test]
derivation:

a) Select test coverage items for inclusion in the current test case, where at least one selected
coverage item has not been included in a prior testcase.

b) Identify arbitrary valid values for any other parameters present in the test case.
c) Determine the expected result of the test,case by applying the inputs to the test basis.
d) Repeat steps a) to c) until the required;evel of test coverage is achieved.

The minimum number of test cases nequired to achieve 100 % each choice testing corresponds t
maximum number of values any one of the test item parameters can take.

EXAMPLE A test item with thiee parameters for digits (10 possible values), months (12 possible values
lower-case alphabetic characters (26 possible values) would result in 26 test cases.

5.2.5.6 Base choice testing

5.2.5.6.1 Identify test coverage items (TD2)

In base choice/testing, the test coverage items shall be sets of P-V pairs for each of the input params
where all.parameters except one are set to their “base” value and the final parameter is set to one
other.€alid values. See Grindal, Offutt and Andler 2005[1% for more details.

NOTE There are a number of approaches for choosing the base values for each parameter, but general

such
0] for

bairs
case

test

b the

) and

ters,
of its

base choice is the most ‘important’ value that the parameter can take. For example, the base values can be c}

5.2.5.6.2 Derive test cases (TD3)

Having identified the P-V pairs, base choices for each of the parameters shall be chosen. Test cases

shall

be derived by setting all but one parameter to its base choice and then setting the remaining parameter

to each of its valid values until the required level of test coverage is achieved. The following steps
be used during test case derivation:

a) Derive the base-choice test case by setting each parameter to its “base” value.
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b) Create a new test case by setting one parameter to a valid (non-base choice) value while keeping
the remaining set of parameters to their base choice values.

c) Determine the expected result of the new test case by applying the inputs to the test basis.

d) Repeatstepsb) and c) until the required level of test coverage is achieved.

5.2.6 Decision table testing

5.2.4.1 Create test model (TD1)

Decision table testing shall use a model of the logical relationships (decision rules) between condijtions
(cauges) and actions (effects) for the test item in the form of a decision table, where:

— ¢ach cause is expressed as a condition, which is either true or false (i.e. a Boolean) for an input, or
ombination of inputs;

— ¢ach effect is expressed as a Boolean expression represented by an output(l.e. action), or a
ombination of outputs;

4 set of decision rules define the required relationships between causes.and effects.
See BS 7925-2 and Myers 1979022 for more details.

NOTI If conditions consist of multiple values rather than simple Booleans, this results in an “extended
entry]” decision table, the testing of which can be handled by equivalencé partitioning.

5.2.4.2 Identify test coverage items (TD2)

In defcision table testing, the test coverage items shall béthe decision rules, which define the relationship
between a unique combination of the test item’s conditions and outputs.

5.2.6.3 Derive test cases (TD3)

Test [cases shall be derived to exercise each of the decision rules (test coverage items). The following
step§ shall be used during test case derivation:

a) $electadecision rule from the decision table for implementation as a test case.

b) Identify input values tosatisfy the input conditions of the decision rule to be covered by the test
ase.

) etermine the expeeted result of the test case by applying the inputs to the decision table.

d) Repeat stepsa)to c) until the required level of test coverage is achieved.

NOT If the decision table contains dependent input conditions then this can resultin infeasible combinations
(e.g. two separate conditions, “age less than 18” and “age greater than 65” both set to true). In this situation such

infeapibl€ decision rules need to be identified and ideally documented, and do not need to be covered during
testing.

5.2.7 Cause-effect graphing

5.2.7.1 Create test model (TD1)

Cause-effect graphing shall use a model of the logical relationships (decision rules) between causes (e.g.
inputs) and effects (e.g. outputs) for the test item in the form of a cause-effect graph, where:

— each cause is expressed as a condition, which is either true or false (i.e. a Boolean) for an input, or
combination of inputs;
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— each effect is expressed as a Boolean expression represented by an output, or a combination of
outputs;

— aset of decision rules define the required relationships between causes and effects.
See BS 7925-2, Myers 1979[12], and Nursimulu and Probert 199520 for more details.

The cause-effect graph models logical relationships between causes and effects as a Boolean logic
network with Boolean operators, and can optionally model syntactic and semantic constraints over

relationships between causes and relationships between effects (see Figures B.5 and B.6).

5.2.7.2 Identify test coverage items (TD2)

In cause-effect graphing, the test coverage items shall be the decision rules, which defing the
relationship between a unique combination of the test item’s causes and effects.

5.2.7.3 Derive test cases (TD3)

Test cases shall be derived to exercise the test coverage items. A corresponding decision table may be
produced from the cause-effect graph and used to derive the test cases. The following steps sh3ll be
used during test case derivation:

a) Selecta decision rule to be implemented in the current test.case.
b) Identify input values to exercise the decision rule to be cevered by the test case.

c) Determine the expected result of the test case byd@pplying the inputs to the cause-effect graph (or
corresponding decision table).

d) Repeatsteps a) to c) until the required levelcof test coverage is achieved.
5.2.8 State transition testing

5.2.8.1 Create test model (TD1)

State transition testing shall useia'model of the states the test item can occupy, the transitions betyveen
states, the events which cause’transitions and the actions that can result from the transitions, See
BS 7925-2 and Chow 1978lZI for more details. The states of the model shall be discrete, identifliable
and finite in number. An)individual transition may be constrained by an event guard, which defines
a set of conditions that must be true when the event occurs, in order for the transition to occyr. In
state transition testing, the test coverage typically applies to states or transitions of the state model,
depending on thePequired coverage. The model may take the form of a state transition diagram, a state
table or anotheér suitable representation.

5.2.8.2-~ \Identify test coverage items (TD2)

In state transition testing, test coverage items will change depending on the chosen test complgtion
criterion. Possible test completion criteria include but are not limited to the following:

— states, in which test coverage items shall be derived to enable all states in the state model to be
“visited”;
— single transitions (0-switch coverage), in which test coverage items shall be derived to cover valid

single transitions in the state model;

— all transitions, in which test coverage items shall be derived to cover both valid transitions in the
state model and “invalid” transitions (transitions from states initiated by events in the state model
for which no valid transition is specified);
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— multiple transitions (N-switch coverage), in which test coverage items shall be derived to cover
valid sequences of N + 1 transitions in the state model.

NOTE “1-switch” coverage is a popular variant of “N-switch” coverage that requires pairs of transitions to be
exercised.

5.2.8.3 Derive test cases (TD3)

step§ shall be used during test case derivation:

belect test coverage items for inclusion in the current test case.
dentify input values to exercise the test coverage items to be covered by the test case.

c) Determine the expected result of the test case by applying the inputs to the test basis'{the expected
fesult may be defined in terms of outputs and the states visited as described in the state model).

d) Repeat steps a) to c) until the required level of test coverage is achieved.
5.2.9 Scenario testing

5.2.9.1 Create test model (TD1)

Scenprio testing shall use a model of the sequences of possible infteractions between the test item and
othel systems (in this context users are often considered to be 6ther systems) for the purpose of testing
usagp flows involving the test item. See Desikan and Ramesh(2007[2] for more details. The test model
typidally includes a set of scenarios related to the test item, Where each scenario covers one sequence of
interjactions.

In scenario testing, the test model shall identify:

— the “main” scenario, which is the typical sequence of actions that are expected of the test item or an
drbitrary choice when no typical sequence of actions is known; and

(

— ‘lalternative” scenarios that represefit'alternative (non-main) scenarios that may be taken through
the test item.

NOTE 1  Alternative scenarios can\include abnormal use, extreme or stress conditions, exceptions and error
hand|ing.

NOTE 2  Scenario testing is typically used for conducting “end-to-end functional testing”, such as during
systejm testing or acceptarce testing.

NOTE 3 In many-situations, it is good practice to have identified scenarios reviewed and agreed by relevant
stakdholders, such as business users.

One ¢ommenform of scenario testing is use case testing (Hass 2008H21), which utilises a use case model
of the test\item that describes how the test item interacts with one or more actors for the purpose of
testihg'sequences of interactions (i.e. scenarios) between the test item and actors.

NOTE 4 In use case testing, the use case model describes how various actions are performed by the test item
as aresult of various triggers from the actors. An actor can be a user or another system.

NOTES5 Transaction flow testing (Beizer 1995[2]) is often classified as a type of scenario testing.

5.2.9.2 Identify test coverage items (TD2)

The test coverage items shall be the main and alternative scenarios identified from the test model.
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5.2.9.3 Derive test cases (TD3)

1(E)

Test cases for scenario testing shall be derived by covering each scenario (test coverage item) with at

least one test case. The following steps shall be used during test case derivation:
a) Selecta scenario to exercise in the current test case.

b) Identify input values to exercise the scenario covered by the test case.

c) Determine the expected result of the test case by applying the inputs to the test basis.

d) Repeat steps a) to c) until the required level of test coverage is achieved.
5.2.10 Random testing

5.2.10.1 Create test model (TD1)

Random testing shall use a representation of the input domain of the test itenithat defines the set
possible input values. See BS 7925-2, Craig and Jaskiel 2002[8], and Kaner1988!16] for more details

5.2.10.2 Identify test coverage items (TD2)

There are no recognized test coverage items for random testing,

5.2.10.3 Derive test cases (TD3)

Test cases for random testing shall be chosen by randomly selecting input values from the input do
of the test item according to the chosen input distribution. The following steps shall be used during
case derivation:

a) Selectan input distribution for the selection of test inputs.

EXAMPLE Types of input distriblitions include the normal distribution, uniform distributior
operational profile.

b) Generate random values for.the test inputs based on the input distribution chosen in step a).
c) Determine the expected result of the test case by applying the inputs to the test basis.
d) Repeatstepsb) and ¢) until the required testing has been completed.

NOTE1 The required testing can be defined in terms of a number of tests executed, an amount of time
testing or some othér measure of completion.

NOTE 2  Sfepb) is typically automated.
5.2.13 _Metamorphic testing

5.2.11.1 Create test model (TD1)

of all

main
r test

and

spent

The test model for metamorphic testing shall be a set of metamorphic relations, which define properties
of the test item in relation to multiple inputs and their expected outputs. See Chen 2018[23] for more
details. The properties defined by the metamorphic relation allow follow-up test cases to be generated
from a source test case. A metamorphic relation for a test item describes how a change in the test inputs
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from the source test case to the follow-up test case affects a change (or not) in the expected outputs
from the source test case to the follow-up test case.

EXAMPLE1 A test item measures the distance between a start and end point. The source test case has test
inputs A (start point) and B (end point) and an expected result C (distance) from running the test case. The
metamorphic relation states that if the start and end points are swapped, then the expected result remains
unchanged. Thus, a follow-up test case can be generated with B as the start point, A as the end point and C as the
distance.

EXANIPLEZ  A'test item predicts the age of death for an individual based on a set of lifestyle parameters. A
sourde test case has various test inputs, including 10 cigarettes smoked per day, and an expected result of age
58 ydars from running the test case. The metamorphic relation states that if a person smokes more cigarettes,
then [their expected age of death will probably decrease (and not increase). Thus, a follow-up test case,can’be
generated with the same input set of lifestyle parameters, except with the number of cigarettes smoked inereased
to 20|per day. The expected result (the predicted age of death) for this follow-up test case can now be set to less
than pr equal to 58 years.

NOTH In many situations, it is good practice to have identified metamorphic relations reyiewed and agreed
by relevant stakeholders, such as business users.

5.2.11.2 Identify test coverage items (TD2)

The test coverage items shall be the individual metamorphic relations, which comprise the test model.

5.2.11.3 Derive test cases (TD3)

Test |cases for metamorphic testing shall be derived by covering each metamorphic relation (test
coverage item) with at least one test case. The following stepsshall be used during test case derivation:

a) $electatest coverage item (metamorphic relation) forinclusion in the current test case.

b) (reate a source test case (or identify an existing seurce test case), execute it and validate the result.
c) Use the metamorphic relation to derive one'or more follow-up test cases.

NOTE1 The expected result for the follow-up test case will not always be an exact value but will often be

escribed as a function of the actual result achieved by executing the source test case (e.g. expected result
r follow-up test case > actual resudt for source test case).

OTE2 A single metamorphie. relation can often be used to derive multiple follow-up test cases (e.g. a
etamorphic relation for a finction that translates speech into text can be used to generate multiple follow-
p test cases with the same speech at different input volume levels but with the same text as the expected
esult).

d) Repeat steps a) ta:c) until the required level of test coverage is achieved.
5.2.12 Requirements-based testing

5.2.12.1, €reate test model (TD1)

The testmodel for requirements-based testing shall be a set of atomic requirements. See Pinkster et al,

2006[24] for more details.

NOTE Requirements-based testing is typically performed when the requirements are specified as a list of
atomic textual requirements, such as ‘The system shall collect and store the date of birth of all registered users.’

5.2.12.2 Identify test coverage items (TD2)

The test coverage items shall be the individual atomic requirements, which comprise the test model.
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5.2.12.3 Derive test cases (TD3)

Test cases for requirements-based testing shall be derived by covering each atomic requirement

(test

coverage item) with at least one test case. The following steps shall be used during test case derivation:

a) Selecta test coverage item (atomic requirement) for inclusion in the current test case.

b) Create a test case that exercises the requirement.

NOTE Test cases for requirements-based testing are typically positive test cases that confirm wh
stated requirements are met. Negative test cases are normally derived using other, complementary
techniques.

c) Repeatstepsa) and b) until the required level of test coverage is achieved.
5.3 Structure-based test design techniques
5.3.1 Statement testing

5.3.1.1 Create test model (TD1)

A model of the source code of the test item, which identifies statements as either executable or
executable, shall be identified. See BS 7925-2 and Myers 1979[12f6r more details.

NOTE The developer’s source code is typically used as thedest model for statement testing.

5.3.1.2 Identify test coverage items (TD2)

Each executable statement shall be a test coverage item.

5.3.1.3 Derive test cases (TD3)
The following steps shall be followed during test case derivation:

a) Identify a control flow sub-path that reaches one or more executable statements that have ng
been executed during testing.

b) Determine the test inputs that will cause the control flow sub-path to be exercised.

c) Determine the éxpeéected result from exercising the control flow sub-path by applying
correspondingtest inputs to the test basis.

d) Repeatstepsa) to c) until the required level of test coverage is achieved.
5.3.2 Branch testing

5,3:2:1 Create test model (TD1)

ether
, test

non-

tyet

the

A control flow model that identifies branches in the control flow of the test item shall be created

See

BS 7925-2 for more details.
A branch is:
— aconditional transfer of control from any node in the control flow model to any other node; or

— an explicit unconditional transfer of control from any node to any other node in the control
model; or

flow

— when a test item has more than one entry point, a transfer of control to an entry point of the test

item.
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NOTE1 Complete branch testing covering 100 % of all branches requires all arcs (links or edges) in the
control flow graph to be tested, including sequential statements between an entry and exit point that contains no
decisions.

NOTE 2  Branch testing can require testing of both conditional and unconditional branches, including entry
and exit points of a test item, depending on the level of test coverage required.

5.3.2.2 Identify test coverage items (TD2)

Each|{branch in the control flow model shall be a test coverage item.

NOTH Function and method calls are not identified as separate test coverage items in branch testing.

5.3.2.3 Derive test cases (TD3)

The following steps shall be followed during test case derivation:

a)

b)
‘)

d)

dentify a control flow sub-path that reaches one or more branches that have netyet been executed
uring testing.

etermine the test inputs that will cause the control flow sub-path to belexercised.

etermine the expected result from exercising the control flow sub-path by applying the test inputs
o the test basis.

epeat steps a) to c) until the required level of test coverage 4s achieved.

If thé¢re are no branches in the test item then a single test case is still required to achieve full branch
covefage.

If thé¢re are multiple entry points to the test item, sufficient test cases will be required to cover each
entry point.

5.3.

Decision testing

5.3.3.1 Create test model (TD1)

A control flow model of the test item that identifies decisions shall be created. Decisions are points in the

test

em where two or more possible outcomes (and hence sub-paths) may be taken by the control flow

(BS 71925-2; Myers 1979[19]) Typical decisions are used for simple selections (e.g. if-then-else in source
code), to decide when to exitloops (e.g. while-loop in source code) and in case (switch) statements (e.g.

case

1-2-3-...-N in source cede).

5.3.3.2 Identify. test coverage items (TD2)

The

lecision outcomes from each decision shall be identified as test coverage items.

5.3.3.3 A Derive test cases (TD3)

The

a)

b)
‘)

d)

24

ollowing steps shall be Tollowed during test case derivation:

Identify a control flow sub-path that reaches one or more decision outcomes that have not yet been
executed during testing.

Determine the test inputs that will cause the control flow sub-path to be exercised.

Determine the expected result from exercising the control flow sub-path by applying the test inputs
to the test basis.

Repeat steps a) to c) until the required level of test coverage is achieved.
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If there are no decisions in the test model then a single test case is still required to achieve full decision
coverage.

5.3.4 Branch condition testing

5.3.4.1 Create test model (TD1)

A control flow model of the test item that identifies decisions and conditions within decisions shall be

created. See BS 7925-2 for more details.

5.3.4.2 Identify test coverage items (TD2)

In branch condition testing, the possible Boolean values (i.e. true or false) of the gonditions wijithin
decisions and the decision outcomes from each decision shall be identified as test coverage items.

EXAMPLE The decision statement “if A OR B AND C then” contains six test coverage items related to the
three logical operators and two test coverage items related to the two decision outéomeés.

5.3.4.3 Derive test cases (TD3)
The following steps shall be followed during test case derivation:

a) Identify Boolean values of conditions within a decision¢that have not yet been executed diyiring
testing.

b) Determine the set of test inputs that will cause’the decision to be exercised with the sel¢cted
Boolean values of conditions.

c) Determine the expected result by applying the selected test inputs to the test basis.
d) Repeat steps a) to c) until all Boolean values of conditions within decisions have been exercised.

e) Identify a control flow sub-path thatireaches one or more decision outcomes, if all of them have not
yet been executed during testing!

f) Determine the test inputs that will cause the control flow sub-path to be exercised.

g) Determine the expected result from exercising the control flow sub-path by applying the test ijputs
to the test basis.

h) Repeat steps e)-to-g) until the required level of test coverage is achieved.

If there are no.decisions in the test item then a single test case is still required to achieve full brjanch
condition coverage.

5.3.5 ~Branch condition combination testing

5.3(5.1 Create test model (TD1)

A comntrol flow model of the test item that identifies decisions and conditions within decisions snall be
created. See BS 7925-2 for more details.

5.3.5.2 Identify test coverage items (TD2)

Each unique feasible combination of Boolean values of conditions within each decision shall be identified
as a test coverage item. See BS 7925-2 and Myers 1979122 for more details.

NOTE Where a decision includes a single condition, two possible “combinations” (true and false) are
considered to exist.
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EXAMPLE The decision statement “if A OR B AND C then” contains 8 test coverage items corresponding to all
possible true and false combinations of the three conditions A, B and C. In general, a minimum of 2V test coverage
items are required when there are N conditions within a decision.

5.3.5.3 Derive test cases (TD3)

The following steps shall be followed during test case derivation:

a) e alal - : aa : a - : a
¢xecuted during testing.

b) Determine the set of test inputs that will cause the decision to be exercised with the selécted
¢ombination of Boolean values of conditions.

c) Determine the expected result by applying the selected test inputs to the test basis.

d) Repeat steps a) to c) until the required level of test coverage is achieved.

If the¢re are no decisions in the test item then a single test case is still required_to achieve full branch
condfition combination coverage.

5.3.4 Modified condition/decision coverage (MCDC) testing

5.3..1 Create test model (TD1)

A control flow model of the test item that identifies decisions and conditions within decisions shall be
created. See BS 7925-2 for more details.

5.3..2 Identify test coverage items (TD2)

Each| unique feasible combination of individual Bgolean values of conditions within a decision that
allows a single Boolean condition to independently affect the outcome of the decision shall be identified
as a fest coverage item. Whether a condition independently affects the outcome of a decision is shown
by varying only that condition while holdinig-all other possible conditions within the decision to fixed
statgs.

NOTH Where a decision includes a-single condition, two possible “combinations” (true and false) are
considered to exist and two test coyérage items are identified.

EXANPLE The decision statement “if A OR B AND C then” requires a minimum of four test coverage items

to demonstrate that the three,conditions can each independently affect the outcome of the decision. In general, a
minimum of N + 1 test coverage items are required when there are N conditions within a decision.

5.3.6.3 Derive tést cases (TD3)

The following'steps shall be followed during test case derivation:

a) ldentify-a combination of Boolean values of conditions defined by a test coverage item within a
ecision that have not yet been executed during testing.

b) Determine the set of test inputs that will cause the decision to be exercised with the selected
combination of Boolean values of conditions.

c) Determine the expected result by applying the selected test inputs to the test basis.
d) Repeat steps a) to c) until the required level of test coverage is achieved.

If there are no decisions in the test item then a single test case is still required to achieve full MCDC
coverage.
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5.3.7 Data flow testing

5.3.7.1 Create test model (TD1)

In data flow testing, a model of the test item shall be derived that identifies control flow sub-paths
through the test item, within which each definition of a given variable is linked to subsequent uses of
the same variable and within which there has been no intervening redefinition of the variable’s value.
See Burnstein 2003[2] for more details.

“Definitions” are where a variable is possibly given a new value (sometimes a definition will resulf in a
variable retaining the same value as it had before). A “use” is an occurrence of a variable in‘which the
variable is not given a new value; “uses” can be further distinguished as either “p-uses” (predicate-
use) or “c-uses” (computation-use). A p-use denotes the use of a variable in determining the out¢ome
of a condition (predicate) within a decision, such as a while-loop or if-then-else. A czuse occurs when a
variable is used as an input to the computation of the definition of any variable or.0fian output.

There are a number of forms of data flow testing, which are all based on the’same test model. The five
forms defined in this document are: all-definitions testing, all-c-uses testing, all-p-uses testing, alljuses
testing, and all-du-paths testing.

5.3.7.2 All-definitions testing

5.3.7.2.1 Identify test coverage items (TD2)

A set of control flow sub-paths from each variable definition to some use (either p-use or c-use) of that
definition (with no intervening definitions) shall be identified as test coverage items.

5.3.7.2.2 Derive test cases (TD3)
The following steps shall be followed during\test case derivation:

a) Identify a control flow sub-path from a variable definition to a subsequent use of that definlition
that has not yet been executed during testing.

b) Determine the test inputs that'will cause the control flow sub-path from the identified definitipn to
be exercised.

c) Determine the expected result from exercising the control flow sub-path by applying the test inputs
to the test basis.

d) Repeat steps-a)-to c) until the required level of test coverage is achieved.

NOTE Inpractice, these steps can require automation.
5.3.7.3~ YAll-c-uses testing

5.3(7.3.1 Identify test coverage items (TD2)

A set of controt flow sub-patisfrom each vartable defimnition toeach c-use of that definitiomr {with no
intervening definitions) shall be identified as test coverage items.

5.3.7.3.2 Derive test cases (TD3)
The following steps shall be followed during test case derivation:

a) Identify a control flow sub-path from a variable definition to a subsequent c-use of that definition
that has not yet been executed during testing.
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b) Determine the test inputs that will cause the control flow sub-path from the identified definition to
the subsequent c-use to be exercised.

c) Determine the expected result from exercising the control flow sub-path by applying the test inputs
to the test basis.

d) Repeat steps a) to c) until the required level of test coverage is achieved.

5.3. 74— AlFp-usestesting

5.3.7.4.1 Identify test coverage items (TD2)

A set of control flow sub-paths from each variable definition to each p-use of that definition-fwith no
interjvening definitions) shall be identified as test coverage items.

5.3.

71.4.2 Derive test cases (TD3)

The following steps shall be followed during test case derivation:

a)

b)

c)

d)

Identify a control flow sub-path from a variable definition to a subsequéntp-use of that definition
that has not yet been executed during testing.

Determine the test inputs that will cause the control flow sub-path.from the identified definition to
the subsequent p-use to be exercised.

Determine the expected result from exercising the controlflow sub-path by applying the test inputs
fo the test basis.

Repeat steps a) to c) until the required level of test coverage is achieved.

5.3.7.5 All-uses testing

5.3.1.5.1 Identify test coverage items (TD2)

A set| of control flow sub-paths from each variable definition to every use (both p-use and c-use) of that
defirition (with no intervening definitions) shall be identified as test coverage items.

5.3.1.5.2 Derive test cases (TD3)

The following steps shall be followed during test case derivation:

a)

b)

c)

d)

28

dentify a controlflow sub-path from a variable definition to a subsequent p-use or c-use of that
efinition thathiasnot yet been executed during testing.

etermine the test inputs that will cause the control flow sub-path from the identified definition to
he subseguent p-use or c-use to be exercised.

etermine the expected result from exercising the control flow sub-path by applying the test inputs
o the test basis.

Repeat steps a) to c) until the required level of test coverage is achieved.
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5.3.7.6 All-du-paths testing

5.3.7.6.1 Identify test coverage items (TD2)

The set of all loop-free control flow sub-paths from each variable definition to every use (both p-use
and c-use) of that definition (with no intervening definitions) shall be identified as test coverage items.

NOTE All-du-paths testing requires all loop-free sub-paths from a variable definition to its use be tested

toattempttoachieve 1009 testiterrcoverage Thisdiffers fromrattusestesting, which requiresonty omg path
from each variable definition to its use to be tested to attempt to achieve 100 % test item coverage.

5.3.7.6.2 Derive test cases (TD3)
The following steps shall be followed during test case derivation:

a) Identify a control flow sub-path from a variable definition to a subsequent p-use or c-use of that
definition that has not yet been executed during testing.

b) Determine the test inputs that will cause the control flow sub-path fromthe identified definitipn to
the subsequent p-use or c-use to be exercised.

c) Determine the expected result from exercising the control flowsub-path by applying the test inputs
to the test basis.

d) Repeatsteps a) to c) until the required level of test coyerage is achieved.
5.4 Experience-based test design techniques
5.4.1 Error guessing

5.4.1.1 Create test model (TD1)

Error guessing shall use a test modeldn the form of a checklist of potential defects to focus the tegting.
See BS 7925-2 and Myers 1979[19.for more details. The checklist is used to identify test inputs thaf may
cause failures, if those defects exist in the test item. The checklist constitutes the test model.

NOTE The checklist of potential defects can be derived by various means, such as taxonomies of khown
errors, information contained in incident management systems, from a tester’s knowledge, experienfe or

understanding of the testitem(s) or similar test items or from the knowledge of other stakeholders (e.g. syistem
users or programmers)s

5.4.1.2 Identify test coverage items (TD2)

There arefno recognized test coverage items for error guessing.

5.4.1:3" Derive test cases (TD3)

Test cases for error guessing shall be derived by selecting a defect type from the checklist and derfving
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during test case derivation:
a) Selecta defect type for coverage by the test case.

b) Identify test input values that can be expected to cause a failure corresponding to the selected
defect type.

c) Determine the expected result of the test case by applying the test inputs to the test basis.
d) Repeatsteps a) to c) until the required testing has been completed (normally this would be covering

an agreed number of checklist entries).
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6 Test coverage measurement

6.1

Overview

The coverage measures defined in this document are based on differing degrees of coverage that are
achievable by test design techniques. Coverage levels can range from 0 % to 100 %. In each coverage
calculation, a number of test coverage items may be infeasible. A test coverage item shall be defined

tob

infeasible if it can be shown to not be executable or impossible to be covered by a test case. The

cove
will
disca

Whe

rage calculation shall be defined as either counting or discounting infeasible items; this choice
ypically be recorded in the test plan (defined in ISO/IEC/IEEE 29119-3). If a test coverage item-is
unted, justification for its infeasibility will typically be recorded in a test report.

h calculating coverage for any technique, the following formula shall be used:

‘=(ﬂx100)%
T

whefe
A is the coverage achieved by a specific test design technique;
N is the number of test coverage items covered by executed tést Cases;
K is the total number of test coverage items identified by the test design technique.
Specific values for C, N and T for each technique are defined in6:2'and 6.3. The set of coverage measures

pres

ented in 6.2 and 6.3 are designed to be used with the test design techniques presented in this

document. They are not designed to be an exhaustive listithiere may be other useful coverage measures

that

hre used by organizations that are not mentioned.itthis clause.

EXANMPLE Other measures that can be required for:assessing the completeness of testing include measuring

the o

6.2

6.2.1

Cove

— |

6.2.2

Cove

perall percentage of requirements that have beeficovered during testing.
Test measurement for specification-based test design techniques

Equivalence partition coverage

rage for equivalence partitioning shall be calculated using the following definitions:

L,

e quivalence_partitions 1S(the €quivalence partition coverage;

V is the number of partitions covered by executed test cases;

" is the totaldumber of partitions identified.

Classification tree method coverage

ragefor the classification tree method shall be calculated using the following definitions:

For minimality coverage, the following definitions shall be used:

C

classification_tree_minimality IS the minimality classification tree method coverage;

— Nis the number of classes covered by executed test cases;

— Tis the total number of classes.

For maximality combination coverage, the following definitions shall be used:

C

30

classification_tree_maximality 1S the maximality classification tree method coverage;
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— Nis the number of unique combinations of classes covered by executed test cases;

— Tis the total number of unique combinations of classes.

6.2.3 Boundary value analysis coverage

Coverage for boundary value analysis shall be calculated using the following definitions:

icthoabaiindarvuualiag cavaraaga:
vorrore—¢ <

ral
SBoundary values ro crre-DOtHee Y Sverafe;

— Nis the number of distinct boundary values covered by executed test cases;
— Tis the total number of boundary values.

The decision to apply two-value or three-value boundary testing should be recorded,

6.2.4 Syntax testing coverage
There is currently no industry agreed approach to calculating coverage fof$yntax testing.

NOTE Calculating coverage as a percentage is not possible for syntax testinng due to the potentially extrg
large number of options and infinite number of mutations possible.

6.2.5 Combinatorial test design techniques coverage

6.2.5.1 All combinations testing coverage
Coverage for all combinations testing shall be calculated using the following definitions:

— C

a1l combinations 1S all combinations coverage;

— Nis the number of unique combination§of P-V pairs covered by executed test cases;

— T is the total number of unique P-V pair combinations (the product of the number of P-V pait
each test item parameter).

6.2.5.2 Pair-wise testing coverage

Coverage for pair-wise tésting shall be calculated using the following definitions:

C

pair-wise 1S Pair=wise coverage;

— Nis the number of unique pairs of P-V pairs covered by executed test cases;

— Tis thetotal number of unique pairs of P-V pairs.

6.2.5:3./ Each choice testing coverage

Ceyverage for each choice testing shall be calculated using the following definitions:

C 1s each choice coverage;

each_choice
— Nis the number of P-V pairs covered by executed test cases;

— Tis the total number of unique P-V pairs.

6.2.5.4 Base choice testing coverage

Coverage for base choice testing shall be calculated using the following definitions:
Chase_choice IS base choice coverage;
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— N is the number of base choice combinations covered by executed test cases (all but one test item
parameter set to the base value, and the remaining test item parameter set to valid values), plus one
(for when all test item parameters are set to the base value) if exercised;

— T is the total number of base choice combinations (all but one test item parameter set to the base
value, and the remaining test item parameter set to valid values), plus one (for when all test item
parameters are set to the base value).

6.2. Decision table testing coverage
Coverrage for decision table testing shall be calculated using the following definitions:
decision. table 1S decision table coverage;

— N is the number of decision rules covered by executed test cases;

— Tis the total number of feasible decision rules.

6.2.7 Cause-effect graphing coverage

Covejrage for cause-effect graphing shall be calculated using the following definitions:
— (L ause-effect IS the cause-effect coverage;

— N is the number of decision rules covered by executed test cases;

— Tis the total number of feasible decision rules.

6.2.§ State transition testing coverage

Covejrage for all states testing shall be calculated usihg the following definitions:
211 states 1S all states coverage;

— N is the number of states covered by exectted test cases;

— Tis the total number of states.

Coverage for single transitions (Osswitch coverage) shall be calculated using the following definitions:
—  (o-switcn 1S 0-switch coverage;

— N is the number of single valid transitions executed by test cases;

— Tis the total nuniber of single valid transitions.

Coverrage for allitransitions shall be calculated using the following definitions:

L,

L1l transitions 1S all transitions coverage;

— Ndsithe number of valid and invalid transitions attempted to be covered by executed test cases;

— T is the total number of valid and invalid transitions between identified states initiated by valid
events.

Coverage for N + 1 transitions (N-switch testing) shall be calculated using the following definitions:
—  CN_switch 1S N-switch coverage;
— Nis the number of N + 1 valid transitions covered by executed test cases;

— Tis the total number of sequences of N + 1 valid transitions.
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6.2.9 Scenario testing coverage

Coverage for scenario testing (including use case testing) shall be calculated using the following

definitions:

C

scenarios 1S SC€NArio coverage,

— Nis the number of scenarios covered by executed test cases;

— Tis the total number of scenarios.

6.2.10 Random testing coverage

There is currently no industry agreed approach to calculating coverage for random testing.

6.2.11 Metamorphic testing coverage
There is currently no industry agreed approach to calculating coverage formétamorphic testing.
NOTE Calculating coverage as a percentage is often not possible for(metamorphic testing due t

potentially extremely large number of follow-up test cases that can bedérived from a single metamo
relation.

6.2.12 Requirements-based testing coverage

Coverage for requirements-based testing shall be calculatéd using the following definitions:

C

requirements 1S Féquirement coverage;

— Nis the number of atomic requirements covered by executed test cases;

— Tis the total number of atomic requirements.
6.3 Test measurement for strueture-based test design techniques

6.3.1 Statement testing coverage

Coverage for statement testing shall be calculated using the following definitions:

C

statement 1S statement coverage;

— Nis the number/of executable statements covered by executed test cases;

— Tis thetetal number of executable statements.

6.3.2 ~Branch testing coverage

Coverage for branch testing shall be calculated using the following definitions:

b the
rphic

= Cyronen s branch coverage;

— Nis the number of branches covered by executed test cases;

— Tis the total number of branches.

For situations where there are no branches in the test item, a single test is required to achieve 100 %

branch coverage.
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6.3.3 Decision testing coverage
Coverage for decision testing shall be calculated using the following definitions:
Cgecision IS decision coverage;

— Nis the number of decision outcomes covered by executed test cases;

— Tis the total number of decision outcomes.

For dituations where there are no decisions in the test item, a single test is required to achieve 100 %
decigion coverage.

6.3.4 Branch condition testing coverage

Coverrage for branch condition testing shall be calculated using the following definitions:

-

b ranch condition 1S Pranch condition coverage;

— N is the number of Boolean values of conditions within decisions plus the*humber of decision
utcomes covered by executed test cases;

— T is the total number of Boolean values of conditions within decisions plus the total number of
dlecision outcomes.

For qituations where there are no decisions in the test item, a single’test is required to achieve 100 %
branfh condition coverage.

6.3.3 Branch condition combination testing coverage

Coverage for branch condition combination testing shall’be calculated using the following definitions:

L,

Cbranch condition combination 1S Pranch conditionzcombination coverage;

— N is the number of combinations of Baolean values of conditions within each decision covered by
¢xecuted test cases;

— Tis the total number of unique combinations of Boolean values of conditions within decisions.

For dituations where there are ne\decisions in the test item, a single test is required to achieve 100 %
branfh condition combination‘caverage.

6.3.4 Modified condition/decision coverage (MCDC)

Coverage for modified condition/decision coverage testing shall be calculated using the following
definitions:

— Cucpc isthodified condition/decision coverage;

— N is'the number of unique feasible combinations of individual Boolean values of conditions within
decisions that allow a single Boolean condition to independently affect the decision outcome covered

by executed test cases;

— T is the total number of unique combinations of individual Boolean values of conditions within
decisions that allow a single Boolean condition to independently affect the decision outcome.

For situations where there are no decisions in the test item, a single test is required to achieve 100 %
modified condition/decision coverage.
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6.3.7 Data flow testing coverage

6.3.7.1 All-definitions testing coverage

Coverage for all-definitions testing shall be calculated using the following definitions:

— C

all-definitions 1S all-definitions coverage;
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— Tis the total number of definition-use pairs from distinct variable definitions.

6.3.7.2 All-c-uses testing coverage
Coverage for all-c-uses testing shall be calculated using the following definitions:

— C

all-c-uses 1S all-c-uses coverage;

— Nis the number of data definition c-use pairs covered by executed testCases;

— Tis the total number of data definition c-use pairs.

6.3.7.3 All-p-uses testing coverage

Coverage for all-p-uses testing shall be calculated using the fellowing definitions:

C

all-p-uses 1S all-p-uses coverage;

— Nis the number of data definition p-use pairsicovered by executed test cases;

— Tis the total number of data definition psuse pairs.

6.3.7.4 All-uses testing coverage
Coverage for all-uses testing shall be‘calculated using the following definitions:

— C

all-uses 1S all-uses coverage;

— Nis the number of definition-use pairs covered by executed test cases;

— Tis the total number of definition-use pairs from each definition to all uses of that definition.

6.3.7.5 All-du-paths testing coverage
Coverage forall-du-paths testing shall be calculated using the following definitions:
—  C4{ab-paths is all-du-paths coverage;

— VN is the number of loop-free sub-paths from each variable definition to each of its uses that c:
reached (without an intervening definition of the variable) covered by executed test cases;

4ses;

in be

— Tis the total number of loop-free control flow sub-paths from each variable definition to every use

(both p-use and c-use) of that definition (with no intervening definitions).

6.4 Test measurement for experience-based testing design techniques — Error
guessing coverage

There is currently no industry agreed approach to calculating coverage for error guessing.
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Annex A
(informative)

Testing quality characteristics
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Quality characteristics

vare testing is carried out to collect evidence on how well required quality criteria have been
fied by a test item. This annex contains examples of how quality characteristics defined in 1SO/
P5010 can be mapped to the test design techniques defined in this document. The,test design
niques defined in this document can be used for testing a variety of these characteristics. There
be other quality characteristics that can be considered (e.g. privacy).

EC 25010 defines the product quality model shown below in Figure-A:{; which categorizes
m/software product quality properties into eight characteristies:*“functional suitability,
rmance efficiency, compatibility, usability, reliability, security, maintainability and portability.
characteristic is composed of a set of related sub-characteristics:In some situations, there can
poulatory requirements (e.g. government policies or laws) that-mandate that certain quality
hcteristics are met by a system. Various test design techniques@nd types of testing can be used to
or each characteristic (see A.3 and A.4).

A.2 provides an explanation of types of testing that can.be‘used to test the quality characteristics

pres
pres
strug

NOTH
toat

types

ented in Figure A.1. A mapping of each quality characteristic to applicable types of testing is
ented in A.3. The relationship between the qualityeharacteristics and the specification-based and
ture-based test design techniques covered in this document is explained in A.4.

ISO/IEC 25030 can be used to identify and.@ocument software quality requirements that are applicable
est item. These can then be used to identify quality characteristics in ISO/IEC 25010 and corresponding
of testing that apply to testing each quality-requirement.

System/Software product quality

Fyinctional || Performance NN« - I . Maintain- -
L .. Compatibility | Usability Reliability Security e Portability
spitability efficiency ability
unctional Time behaviour || ‘Co’existence || Appropriateness Maturity Confidentiality Modularity Adaptability
| izabili . " -
conpleteness Resource Interoperability recognizability Availability Integrity Reusability Installability
i ilisati L bilit .
c lf,':g?t?:;asls utilisatiaQ earnabiiity Fault tolerance Non- Analysability Replaceability
Capacity Operability - repudiation P
unctional Recoverability Modifiability
; User error Accountabilit
appropriateness protection PP Testability
Authenticity
User interface
aesthetics
Accessibility

A2

Figure A.1 — ISO/IEC 25010 product quality model

Quality-related types of testing

A.2.1 Accessibility testing

The purpose of accessibility testing is to determine whether the test item can be operated by users with
the widest range of characteristics and capabilities (ISO/IEC 25010), including specific accessibility
requirements (e.g. due to age, visual impairment or hearing impairment). Accessibility testing uses a
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model of the test item that specifies its accessibility requirements, including any accessibility design
standards to which the test item must conform. Accessibility requirements are concerned with the
ability of a user with specific accessibility needs to achieve accessibility objectives. For example, this
can include a requirement for the test item to support visual and/or hearing-impaired users.

NOTE The World Wide Web Consortium (W3C) defines standards for accessibility, including accessibility of
web applications and devices. Visit https://www.w3.org/standards/ for more information.

A D L Exlazlae. . & 43
Vg YY“TY ] CUIIPAUUIIITY TCTOUITg

The purpose of compatibility testing is to determine whether the test item can function alongside ¢ther
independent or dependent (but not necessarily communicating) products in a shared enviromment (i.e.
co-existence). Compatibility testing may also be applied to multiple copies of the same test item jor to
multiple test items sharing a common environment.

Compatibility requirements for test items typically include one or more of ‘the following |sub-
requirements:

— Orderofinstallation. Explicit order(s) of installation (otherwise it shouldbee assumed thatall pogsible
orders of installation are valid) results in a configuration where, éach test item will subsequently
perform its required functions correctly.

— Order of instantiation. Explicit order(s) of instantiation (othérwise it should be assumed that all
possible orders of instantiation are valid) result in a runttime configuration where each test|item
will subsequently perform its required functions correctly.

— Concurrent use. The ability of two or more test items to perform their required functions yhile
running (but not necessarily communicating) in'the same environment.

— Environment constraints. Features of the environment, such as memory, processor, architedture,
platform or configuration, that may affegt the ability of the test item to perform its reqiiired
functions correctly.

A.2.3 Conversion testing

The purpose of conversion testing'is to determine whether data or software can continue to provide
required capabilities after mddifications are made to their format, such as converting a program ffrom
one programming language to another or converting a flat data file or database from one formjat to
another. One common subtype of conversion testing is data migration testing. Conversion testing|uses
a model of the test item-that specifies its conversion requirements, including those that must remain
invariant through the conversion process, those that are new, modified, or obsoleted by the convefsion
and any required-conversion design standards to which the test item must conform.

A.2.4 Disaster/recovery testing

The purpose of disaster/recovery testing is to determine if, in the event of failure, operation of th¢ test
itemzean be transferred to a different operating site and whether it can be transferred back againfonce
thefailure has been resolved. Disaster/recovery testing uses a model of the testitem (typically a dispster
recovery plan) that specifies its disaster recovery requirements, including any required dispster

TECOVETY QEeSIgN Standards to WITICIT the test TenT Must CONTOrT. 1 NE teSt ITenT I d1Saster Tecovery
testing may be an entire operational system, with associated facilities, personnel, and procedures.
Disaster recovery testing may cover factors such as procedures to be carried out by operational staff,
relocation of data, software, personnel, offices, or other facilities, or recovering data previously backed
up to a remote location.

Failover/recovery testing is a form of disaster/recovery testing that is limited to moving to a back-up
system in the event of failure, without transfer to a different operating site.

Back-up/recovery testing is a form of disaster/recovery testing that is limited to restoring from back-
up memory in the event of failure, without transfer to a different operating site or back-up system.
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A.2.5 Functional testing

The purpose of functional testing is to determine whether the functional requirements of the test item
have been met. For example, this can include identifying whether a function had been implemented
according to its specified requirements. It can be carried out using the specification-based and
structure-based test design techniques that are specified in Clause 5.

A.2.6 Installability testing

The purpose of installability testing is to determine if a test item(s) can be installed, uninstalledy
remgved and/or upgraded as required in all specified environments. Installability testing uses)a
mode¢l of the installability requirements of the test item, which are typically specified in terms.of'the
instdllation, uninstallation or upgrade processes (as described in the installation manual or guidelines),
the pgeople who will carry out the installation, uninstallation or upgrade, the target platform(s)and the
test ftem(s) to be installed, uninstalled or upgraded.

A.2.7 Interoperability testing

The purpose of interoperability testing is to determine if a test item can interact'correctly with other
test ftems or systems either in the same environment or different environments; including whether the
test item can make effective use of information received from other systems. Interoperability testing
usesfa model of the test item that specifies its interoperability requirements, including interoperability
design standards to which the test item must conform. This cancdnelude assessing whether a test
item|running in one environment can interact accurately with another test item or system in another
sepafate environment.

A.2.8 Localization testing

The purpose of localization testing is to determine whéther the test item can be understood within the
geographical region it is required to be used in. Localization testing can include (but is not limited to)
analysis of whether the user interface and supporting documentation of the test item can be understood
by ugers within each country or region of use.

A.2.9 Maintainability testing

The purpose of maintainability testing is to determine if a test item can be maintained by using an
acceptable amount of effort. Maintainability testing uses a model of the maintainability requirements
of the test item, which are typically specified in terms of the effort required to effect a change under the
following categories:

— ¢orrective maintengnce (i.e. correcting problems);
— perfective mairteriance (i.e. enhancements);

ddaptive maintenance (i.e. adapting to changes in environment); and

Mai

— preventive maintenance (i.e. actions to reduce future maintenance costs).
\icainability can be indirectly measured by applying static analysis.

A.2.10 Performance-related testing

The purpose of this family of techniques is to determine whether a test item performs as required
when it is placed under various types and sizes of “load”. This includes performance, load, stress,
endurance, volume, capacity and memory management testing, which each use a model of the test item
that specifies its performance requirements, including any required performance design standards to
which the test item must conform. For example, this may include assessing the performance of the test
item in terms of transactions per second, throughput response times, round trip time and resource
utilization levels. The "typical” load of the test item under "normal” conditions may be defined in the
operational profile of the test item.
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There are numerous techniques for assessing the performance of the test item:

Performance testing is aimed at assessing the performance of the test item when it is placed under
a "typical” load.

Load testing is aimed at assessing the behaviour of the test item (e.g. performance and reliability)
when it is placed under conditions of varying loads, usually between anticipated conditions of low,

typical and peak usage.

— Stress testing is aimed at assessing the performance of the test item when it is pushed beyor
anticipated peak load or when available resources (e.g. memory, processor, disk) are reduced b
specified minimum requirements, to evaluate how it behaves under extreme conditions.

— Endurance testing (also called soak testing) is aimed at assessing whether the testitém can su
the required load for a continuous period of time.

— Volume testing is aimed at assessing the performance of the test item wheniit is/processing sped
levels of data. For example, this may include assessing test item performance when its databg
nearing maximum capacity.

— Capacity testing (also called scalability testing) is aimed at assessing-how the test item will per
under conditions that may need to be supported in the future. For example, this may in
assessing what level of additional resources (e.g. memory, disk/capacity, network bandwidth]
be required to support anticipated future loads.

— Memory management testing is aimed at assessing how the test item will perform in terms @
amount (normally maximum) of memory used (e,g./hard disk memory, random access mel
(RAM) and read only memory (ROM)), the type of memory (e.g. dynamic or allocated/static) ay

d its
elow

stain

ified
se is

form
rlude
will

f the
mory
d/or

defined levels of memory leakage experienced\during testing. Memory requirements will typically

be specified in terms of specific operating>conditions (e.g. a peak memory requirement o
particular period of operation under defined transaction loads may be specified).

A.2.11 Portability testing

The purpose of portability testing is to determine the degree of ease or difficulty to which a
item can be effectively and efficiently transferred from one hardware, software or other operat
or usage environment to andther. Portability testing uses a model of the test item that specifig
portability requirements, including any required portability design standards to which the test
must conform. Portability-requirements are concerned with the ability to transfer the test item

ver a

test
ional
S its
item
from

one environment to another, or to alter the configuration of the existing environment to other reqiiired

configurations. For-example, this can include assessing whether the test item can be operated fTj
variety of different-browsers.

A.2.12 Procedure testing

om a

The purpose of procedure testing is to determine whether procedural instructions meet [user
requitements and support the purpose of their use. Procedure testing uses a model of the proceglural
requirements of the test item as a complete and delivered unit. Procedure requirements define what
is expected of any procedural documentation and are written in the form of procedural instructjions.
Theseproceduratinstructions witt mormmatty come i the formmof oneof the fottowing documments:
— auser guide;
— aninstruction manual;
— auser reference manual.
This information will normally define how the user is meant to:
— setup the test item for normal usage;
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— operate the test item in normal conditions;
— become a competent user of the system (tutorial files);
— trouble-shoot the test item when faults arise;

— reconfigure the test item.

A.2.13 Reliability testing

The purpose of reliability testing is to evaluate the ability of the test item to perform its requiréd
functions, including evaluating the frequency with which failures occur, when it is used under stated
condjfitions for a specified period of time. Reliability testing uses a model of the test item that specifies
its rqquired level of reliability (e.g. mean time to failure, mean time between failures). The model should
include a definition of failure and either the operational profile of the test item or an approdeh to derive
the dperational profile.

A.2.14 Security testing

The purpose of security testing is to evaluate the degree to which a test item and its associated data
are grotected so that unauthorised persons or systems cannot use, read or medify them and authorised
perspns or systems are granted required access to them. Security testing uses a model of the test item
that ppecifies its security requirements, including any required security design standards to which the
test Jtem must conform. Security requirements are concerned with-the ability to protect the data and
functionality of a test item from unauthorised users and malicigus-use. For example, this can include
assegsing whether the test item prevents unauthorised users from accessing data, or whether certain
functions of a test item that are only required to be accessibledy certain user types are protected from
other user types.

Ther are a number of techniques for assessing the security of a test item:

— Penetration testing involves attempted accgss to a test item (including its functionality and/or
private data) by a tester that is mimicking.the actions of an unauthorised user.

— Privacy testing involves attempted access to private data and verification of the audit trail (i.e.
jrace) that is left behind when users{access private data.

— $ecurity auditing is a type of static testing in which a tester inspects, reviews or walks through the
requirements and code of a test item to determine whether any security vulnerabilities are present.

— VYulnerability scanning involves the use of automated testing tools to scan a test item for signs of
$pecific known vulnerabilities.

the usa 0 :
having the fest ltem the dlfference 1t is to brlng about for the organlzatlon or 1nd1v1dual the usablllty—
related purpose and tasks it will aid), and the contexts of use for the test item (who is to use the test
item and the environment in which it is to be used, user characteristics and user tasks). Usability goals
will be defined for the effectiveness, efficiency and satisfaction for specified users to achieve specified
goals in one or more specified contexts of use.

NOTE [SO 9241-11 defines requirements for human-systems interaction.
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A.3 Mapping quality characteristics to types of testing

In Table A.1, the types of testing presented in A.2 are mapped to the quality characteristics presented
in Figure A.1.

Table A.1 — Mapping of ISO/IEC 25010 product quality characteristics to types of testing

Type of testing Quality characteristic Sub-characteristics
Accessibility testing Usability Accessibility
Compatibility testing Compatibility Co-existence

Conversion testing Functional suitability Functional completeness

Functional correctness

Functional appropriateness

Disaster recovery testing Reliability Maturity
Fault tolerance
Recoverability
Functional testing Functional suitability Functional completeness

Functiondl correctness

Functional appropriateness

Installability testing Portability Installability
Interoperability testing Compatibility Interoperability
Localization testing Functional suitability, Functional completeness

Functional correctness

Functional appropriateness

Usability Appropriateness recognizability

Learnability

Operability

User error protection

User interface aesthetics

Accessibility
Portability Adaptability
Maintainability testing Maintainability Modularity

Reusability

Analysability
Modifiability
Testability
Performance-related testing Performance efficiency Time-behaviour

Resource utilisation

Capacity

D PR IS E R s D PR S KON Al PR NS KN
FUTUAUIILY LSS FUTLdUIIILY AUdpPuldulIIIty

Installability

Replaceability

Procedure testing None None

Reliability testing Reliability Maturity
Availability
Fault tolerance

Recoverability
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Table A.1 (continued)

Type of testing Quality characteristic Sub-characteristics

Security testing Security Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Usalility testing Usability Appropriateness recognizability

Learnability

Operability

User error protection

User interface aesthetics

Accessibility

A.4 | Mapping quality characteristics to test design techniques

The fest design techniques described in this document can be used td test a variety of the quality
charfcteristics listed in Figure A.1. Table A.2 provides an example mapping between them.

Taljle A.2 — Mapping of test design techniques to product quality measures for ISO/IEC 25010
product characteristics

Test|design technique |ISO/IEC 25010 quality characteg@t |ISO/IEC 25010 sub-characteristics
Spedification-based test design techniques %) N
Boundary value analysis |Functional suitability Functional completeness
Functional correctness
Functional appropriateness
Performance efficiency Time-behaviour
Capacity
Usability User error protection
Reliabitity Fault tolerance
Security Confidentiality
Integrity
Cauge-effect graphing Functional suitability Functional completeness
Functional correctness
Functional appropriateness
Usability User error protection
Compatibility Co-existence
Classifieation tree method | Functional suitability Functional completeness
Functional correctness
Functional appropriateness
Usability User error protection
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Table A.2 (continued)

Test design technique [ISO/IEC 25010 quality characteristic [ISO/IEC 25010 sub-characteristics

Combinatorial test design |Functional suitability Functional completeness
techniques

Functional correctness

Functional appropriateness

Compatibility Co-existence

Performance efficiency [Tme-behaviour

Usability User error protection
Decision table testing Functional suitability Functional completeness

Functional correctness

Functional appropriaténess

Compatibility Co-existence
Usability User error protection
Equivalence partitioning |Functional suitability Functiondlcompleteness

Functional correctness

Funh¢tional appropriateness

Usability User error protection

Reliability Availability

Security Confidentiality
Integrity
Non-repudiation
Accountability
Authenticity
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Table A.2 (continued)

Test design technique

ISO/IEC 25010 quality characteristic

ISO/IEC 25010 sub-characteristics

Metamorphic testing

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Performance

Time behaviour

Resource utilisation

Capacity

Compatibility

Co-existence

Interoperability

Usability

Appropriateness recognizability

Learnability

Operability

User error protectiotf

User interface aesthetics

Accessibility

Reliability

Maturity.

Availability

Fault tolerance

Recoverability

Security

Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Maintainability

Modularity

Reusability

Analysability

Modifiability

Testability

Portability

Adaptability

Installability

Replaceability
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Table A.2 (continued)

Test design technique [ISO/IEC 25010 quality characteristic [ISO/IEC 25010 sub-characteristics

Random testing Functional suitability Functional completeness

Functional correctness

Functional appropriateness

Performance Time behaviour

Resource utilisation

Capacity
Reliability Maturity

Availability

Fault tolerance

Recoverability

Security Confidentiality

Integrity

Non-répudiation

Accountability
Authenticity
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Table A.2 (continued)

Test design technique [ISO/IEC 25010 quality characteristic [ISO/IEC 25010 sub-characteristics

Requirements-based Functional suitability Functional completeness
testing

Functional correctness

Functional appropriateness

Performance Time behaviour

Resource utilisation

Capacity

Compatibility Co-existence

Interoperability

Usability Appropriateness recognizability

Learnability

Operability

User error protectiotf

User interface aesthetics

Accessibility
Reliability Maturity.
Availability

Fault tolerance

Recoverability

Security Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Maintainability Modularity

Reusability

Analysability
Modifiability
Testability
Portability Adaptability
Installability

Replaceability

Scenfario testing Functional suitability Functional completeness

Functional correctness

Functional appropriateness

Usability Learnability

Qperability
Ir v

User error protection

User interface aesthetics

Accessibility

Appropriateness recognizability
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Test design technique

ISO/IEC 25010 quality characteristic

ISO/IEC 25010 sub-characteristics

State transition testing

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Reliability

Maturity

Availability

Fault tolerance

Recoverability

Syntax testing

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Use case testing

Functional suitability

Functional conipleteness

Functiondlcorrectness

Functional appropriateness

Usability

Learnability

Qperability

User error protection

User interface aesthetics

Accessibility

Appropriateness recognizability

Structure-based test design techniques \0

Branch condition combi-
nation testing

Functional suitability,

Functional completeness

Functional correctness

Functional appropriateness

Branch condition testing

Functional'suitability

Functional completeness

Functional correctness

Functional appropriateness

Branch testing

Eunctional suitability

Functional completeness

Functional correctness

Functional appropriateness

Data flow testing

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Decision testing

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Modified rnndih’nn/dp-

Functional cnif:\hi]ify

Functional r‘nmp]ptpnpcc

cision coverage (MCDC)
testing

Functional correctness

Functional appropriateness

Statement testing

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Experience-based test design techniques
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Table A.2 (continued)

Test design technique [ISO/IEC 25010 quality characteristic [ISO/IEC 25010 sub-characteristics

Error guessing Functional suitability Functional completeness

Functional correctness

Functional appropriateness

Performance efficiency Time-behaviour

Resource utilisation

Capacity

Usability Learnability

Operability

User error protection

Reliability Fault tolerance
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Annex B
(informative)

Guidelines and examples for the application of specification-based

test design techniques

B.1 Guidelines and examples for specification-based testing

B.1.1 Overview

This annex provides guidance on the requirements in 5.2 and 6.2 by demonstrating the applicati
each individual specification-based test design technique to a separate preblem. Each example fo
the test design and implementation process that is defined in ISO/IEC/IEEE 29119-2. Although
example is applied in a specification-based testing context, as stated.in 5.1, in practice most o
techniques defined in this document can be used interchangeably (e:grboundary value analysis c4
used to test the inputs to a program through the user interface-orthe boundaries of variables w
program source code).

B.2 Specification-based test design techniqueé examples

B.2.1 Equivalence partitioning

B.2.1.1 Test basis
Consider a test item, generate_grading, with the following test basis:

The component receives an exant mark (out of 75) and a coursework (c/w) mark (out of 2
input, from which it outputs a,grade for the course in the range ‘A’ to ‘D’. The grade is generatz
calculating the overall mark; which is the sum of the exam and c/w marks, as follows:

greater.than or equal to 70 ‘A
greatersthan or equal to 50, but less than 70 ‘B’
greater than or equal to 30, but less than 50 ‘c
lessthan 30 ‘D’

Where @ny’ invalid inputs are detected (e.g. a mark is outside its expected range) then a
mesgsage (‘FM’) is generated. All inputs are passed as integers.

B.2.1:2° Determine required test coverage

bn of
lows
each
f the
in be
ithin

b) as
ed by

fault

Full coverage of all equivalence partitions.

B.2.1.3 Create test model (TD1)

The diagram in Figure B.1 shows the equivalence partitions for the ‘generate_grading’ program a
grey-filled boxes with black outlines.
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Figure B.1 — Equivalence partitions for the ‘generate_grading’ program
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B.2.1.4 Identify test coverage items (TD2)
The test coverage items are the equivalence partitions shown in the test model:
From the input processing:

TESTCOVER1: 0 <exam mark <75

TESTCOVER2: 0 < coursework mark < 25

TESTCOVER3: exam mark <0

TESTCOVER4: exam mark > 75

TESTCOVERS: coursework mark <0

TESTCOVERG6: coursework mark > 25

TESTCOVER7: exam mark =real

TESTCOVERS8: exam mark = alphabetic

TESTCOVER9: exam mark = special character (e.g. @, #, {, null)

TESTCOVER10: coursework mark = real

TESTCOVER11: coursework mark = alphabetic

TESTCOVER12: coursework mark = special chardgter (e.g. @, #, {, null)
From the internal processing:

TESTCOVER13: ‘A’isinduced by 70 <total mark < 100

TESTCOVER14: ‘B’isinduced by 50 < total mark <70

TESTCOVER15: ‘C’is induced by 30 < total mark < 50

TESTCOVER16: ‘D’isinduced by 0 < total mark < 30

TESTCOVER17: output=‘E’

TESTCOVER18: ‘Fault Message’ (FM) is induced

NOTE Ithas beén assumed that the generation of a grading of E is due to an extraneous unnecessary furlction
that has been mistakenly included in the program.

From the output processing:
TESTCOVER19: output generated (A, B, C, D or FM)
TESTCOVERZ20: no output generated

B.2.1.5 Derive testcases (ID3)

B.2.1.5.1 General

Having identified partitions and test coverage items to be tested, test cases are derived that attempt
to “hit” each test coverage item. Two common approaches for test case design are one-to-one and
minimized equivalence partitioning (other approaches to selecting combinations of test coverage items
to be exercised by test cases that may be used are described in Reference [11]). In the first a test case is
generated for each identified partition on a one-to-one basis (see option a specified in B.2.1.5.2), while
in the second a minimized set of test cases is generated to cover all the identified partitions (see option
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b specified in B.2.1.5.3). The preconditions of all test cases for the generate_grading function are the
same: that the application is ready to take the inputs of exam mark and coursework mark.

B.2.1.5.2 Option a: derive test cases for one-to-one equivalence partitioning

The one-to-one approach will be demonstrated first as it can make it easier to see the link between
partitions and test cases. For each of these test cases only the single test coverage item being targeted
is stated explicitly. Twenty test coverage items were identified leading to twenty test cases.

The fest cases corresponding to partitions derived from the input exam mark are shown in Table BA.
Note|that the input coursework mark in the following test case table has been set to an arbitrary walid

valug.

Table B.1 — Test cases for valid input processing of exam mark

Test case 1 2 3

Input (exam mark) 60 -10 93
Input (coursework mark) 15 15 15

total mark (as calculated) 75 - -

Test coverage item TESTCOVER1 | TESTCOVER3 | TESTCOVER4
Partition tested (e = exam mark) 0<es<75 e=20 e>75
Expected output ‘A 'FM' 'FM'

The fest cases corresponding to partitions derived from the input coursework mark are shown in

Tabl¢ B.2.
Table B.2 — Test cases for valid input processing of coursework mark
Test case 4 5 6
Input (exam mark) 40 40 40
Input (coursework mark) 20 -15 47
total mark (as calculated) 60 - -
Test coverage item TESTCOVER2 | TESTCOVERS5 | TESTCOVERG6
Partition tested (¢ = coursework mark) 0<c<25 c<0 c>25
Expected output 'B'’ 'FM' 'FM'

The test cases corresponding to partitions derived from possible invalid inputs are shown in Table B.3

and Table B.4.

Table B.3 — Test cases for invalid input processing for exam mark
Test|case 7 8
Inpuf (exam-mark) 60.5 $
Inpuk (coursework mark) 15 15 15

L
Test coverage item

TESTCOVEKY/

I'ESTCUVEKS I'ESTCOVEKY

Partition tested (e = exam mark)

e =real number

e = alphabetic e = special char

Expected output

IFMv

IFMv IFMv

Table B.4 — Test cases for invalid input processing for coursework mark

Test case 10 11 12
Input (exam mark) 40 40 40
Input (coursework mark) 20.23 G @
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Table B.4 (continued)
Test case 10 11 12
Test coverage item TESTCOVER10 TESTCOVER11 TESTCOVER12
Partition tested (c = coursework mark) ¢ =real number ¢ = alphabetic ¢ = special char
Expected output 'FM' 'FM' 'FM'

The test cases corresponding to partitions derived from the valid outputs are shown in Table B.5 and

Table B.6.
Table B.5 — Test cases for grade processing
Test case 13 14 15
Input (exam mark) 60 44 32
Input (coursework mark) 20 22 13
total mark (as calculated) 80 66 45
Test coverage item TESTCOVER13 | TESTCOVER14 | TESTCOVER15
Partition tested (t = total mark) 70 <t<100 5075¢< 70 30<t<50
Expected output ‘Al 'B' 'C'
Table B.6 — Test cases for grade processing
Test case 16 17 18
Input (exam mark) 12 80
Input (coursework mark) 5 60
total mark (as calculated) 17 10 -
Test coverage item TESTCOVER16 | TESTCOVER17 | TESTCOVER18
Partition tested (t = total mark) 0<t<30 ‘E’ ‘FM’ induced
Expected output ‘D' ‘D’ 'FM'

The input values of exam mark amd‘coursework mark have been derived from total mark, which is

sum.

The test cases corresponding to partitions derived from the invalid outputs are shown in Table B.’}.

Table B.7 — Test cases for invalid output processing

their

Test case 19 20

Input (exam mark) 47,3 Null

Input (coursework mark) @@@ Null

Test coverage item TESTCOVER19 | TCESTOVER20

Partition tested output gener- | no output gen-
ated erated

Expectedoutput “Fivt vt

Depending on the implementation, it may be impossible to execute test cases that contain invalid input
values (e.g. test cases 2, 3,5 to 12, and 18 to 20 in the example above). For instance, in some programming
languages, if the input variable is declared as a positive integer then it will not be possible to assign a
negative value to it. Despite this, it is still worthwhile considering all the test cases for completeness.

B.2.1.5.3 Option b: derive test cases for minimized equivalence partitioning

It can be seen from B.2.1.5.2 that several of the test cases are similar, such as test cases 1 and 13, where
the main difference between them is the specific test coverage item chosen from the partition targeted.
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As the test item has two inputs and one output, each test case can potentially "hit" three partitions; two
input partitions and one output partition. Thus, it is possible to generate a smaller "minimized" test set
that still "hits" all the identified partitions by deriving test cases that are designed to exercise more
than one partition.

The following test suite of 11 test cases shown in Tables B.8 to B.10 corresponds to the minimized
equivalence partitioning approach where each test case is designed to hit as many new partitions as
possible rather than just one. In the following test cases, those test coverage items that are newly ‘hit’

are ymdertied; amd-those thatareatready - ‘hitare showmimbrackets -
Table B.8 — Minimized test cases
Test|case 1 2 3 4
Inpuf (exam mark) 60 50 35 19
Inpult (coursework mark) 20 16 10 8
Test{coverage items TEST ER1 (TESTCOVER1), (TESTCOVER1), (TESTCOVER1),
TESTCOVER2 (TESTCOVER?2), (TESTCOVERZ2), | (TESTCOVERZ2),
TESTCOVER13 TESTCOVER14 TESTCOVER15, TESTCOVER16,
TESTCOVER19 (TESTCOVER19) (TESTCOVER19) | (TESTCOVER19)
Partjtion (e = exam mark) 0<e<75 0<e<75 0<e<75 0<e<75
Partjtion (c = coursework 0<c<25 0<c<25 0<c<25 0<c<25
mark
Partjtion (t = total mark) 70 <t<100 50<t<70 30<t<50 0<t<30
Part output generated output generated | output generated | output generated
Expégcted output ‘A’ ‘B 'C' ‘D'
Table B.9 — Minimized test cases (continued)
Test 5 6 7 8
Inpuf (exam mark) -10 93 60.5 Q
Inpuk (coursework mark) -15 47 20.23 G
Testfcoverage items TEST ER TEST ER4 TEST ER TEST ER
TESTCOVERS TESTCOVER6 TESTCOVER10 TESTCOVER11
ESTCOVER18, | (TESTCOVER18), | (TESTCOVER18), | (TESTCOVER18),
(TESTCOVER19) | (TESTCOVER19) | (TESTCOVER19) | (TESTCOVER19)
Part|tion (e = exam mark) e<0 e>75 e =real number e = alphabetic
Part|tion (c = courséwork c<0 c>25 ¢ =real number ¢ = alphabetic
marlk
Part ‘FM' induced ‘FM' induced ‘FM' induced ‘FM' induced
Part|tion tested output generated | output generated | outputgenerated | outputgenerated
Expédcted output 'FM' 'FM' 'FM' 'FM'
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Table B.10 — Minimized test cases (continued)

Test case 9 10 11

Input (exam mark) $ null
Input (coursework mark) 5 null
total mark (as calculated) - 10
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Table B.10 (continued)

Test case 9 10 11
Test coverage items TESTCOVER9 (TESTCOVER1), | (TESTCOVERY),

TESTCOVER12, | (TESTCOVER2), | (TESTCOVER12),
(TESTCOVER18), | (TESTCOVER16), | (TESTCOVER18),
(TESTCOVER19) | TESTCOVER17, | (TESTCOVER19),

(TESTCOVER19) | TESTCOVER 20

Partition (e = exam mark) e = special char 0<e<75 0<e<75
Partition (c = coursework mark) | ¢ =special char 0<c<25 0<c<25
Partition (t = total mark) - 0<st=<15 0 <t=s156
Partition ‘FM" induced output = ‘E’ no output gener-
ated
Partition tested output generated | output generated |,0dtput generated
Expected output ‘FM’ ‘D’ ‘D’

The one-to-one and minimized approaches represent two different(approaches that can be used for
deriving test cases for equivalence partitioning. One-to-one test cases'are particularly useful for tepting

error conditions (i.e. when trying to force specific error messagesto be output), for example, to reg
the possibility that one error condition halts processing and/or miasks or blocks other error condit

duce
ions.

On the other hand, the disadvantage of the one-to-one appraéach is that it requires more test case$ and
if this causes problems, a more minimalist approach can.be used. The disadvantage of the mininalist

approach is that in the event of a test failure it can be{difficult to identify the cause due to several
partitions being exercised at the same time. Therefore, a common approach is to combine the
approaches by applying minimized equivalence partitioning to design valid test cases and one-ta
equivalence partitioning to design invalid test cases.

B.2.2 Classification tree method

B.2.2.1 Test basis

Consider the test basis for a testitem travel_preference, which records the travel preferences of st
an Australian organization who travel to major Australian capital cities for work purposes. Each ;
travel preferences is chosen.through a series of radio buttons, which consist of the following input y
choices:

Destination =Adelaide, Brisbane, Canberra, Darwin, Hobart, Melbourne, Perth, Sydney
Class = first class, business class, economy
Seat =@isle, window

Meal preference = diabetic, gluten free, lacto-ovo vegetarian, low fat/cholesterol, low lactose, v
standard

new
two
-one

hff of
et of
ralue

bgan,

Any combination of one class from each classification will result in the message “Booking acce

ted”

while any other input will result in an error message stating “invalid input”. Staff do not have the option

of choosing no meal, thus this option is not supported in the example.

B.2.2.2 Determine required test coverage

The required level of test coverage is for ‘minimality’, where each class has to be used in at least one

test case.
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B.2.2.3 Create test model (TD1)

A classification tree can now be developed from the test basis as shown in Figure B.2.

travel_preference

%K i Class i i Seat i i Meal preference .!

AHelaide Brisbane Canberra Darwin Hobart Melbourne Perth Sydney First Business Economy Aisley Window Vegetarian Non-vegetarian
Vegetarian Non-Vegetarian
options options
Lacto- Vegan Diabetic Gluten Lowfat/ Low Standard
ovo free  cholesterol lactose

Figure B.2 — Classification tree for travel preferences

B.2.2.4 Identify test coverage items (TD2)

The test coverage items are the classes (leaf nodes) shown in the testjmodel.

B.2.2.5 Derive test cases (TD3)

A cobination table can be constructed under the classification tree to demonstrate which classes (i.e.
leaf nodes) are combined to form each test case as shéwn in Figure B.3. The classes that are covered
by edch test case are marked by a series of tokens (black dots) that run horizontally underneath the
clasdification tree.

As the required test coverage for this example iS minimality, where each class has to be used in at least
one fest case, then the following eight combinations of classes can be used as the basis for the test
case$, as shown in Figure B.3. The expected result is derived by applying the inputs to the test basis. In
this particular case, any combinatior{ of'valid inputs results in the status "Booking accepted”.

56 © ISO/IEC 2021 - All rights reserved
© IEEE 2021 - All rights reserved


https://standardsiso.com/api/?name=0a0a0a2484d44b55ddfe571ef6fcbb4f

travel_preference

ISO/IEC/IEEE 29119-4:2021(E)

| Class |

| Seat |

| Meal preference

Adelaide Brisbane Canberra Darwin Hobart Melbourne Perth Sydney First Business Economy Aisle Window Vegetarian

Non-Vegetarian

l

Vegetarian
options

ovo

Lacto- Vegan Diabetic Gluten Low fat/

Non-vegetarian
options

free cholesterel lactose

Ltow Standa

;-.. .. ? ‘.
z ... ..'_II ...
Z S S Tl

Figure B.3 — Example classification tree and corrésponding combination table for trave

preferences

The resultant set of test cases are shown in Tablé’B.11.

Table B.11 — Testcases for classification tree testing

Test Input values

case | Destination Class Seat Meal preference Expected result
1 Adelaide First Aisle Lacto-ovo Booking accepted
2 Brisbane Business | Window Vegan Booking accepted
3 Canberra | Economy Aisle Diabetic Booking accepted
4 Darwin First Window Gluten free Booking accepted
5 Hobart Business Aisle Low fat/choles- Booking accepted

terol

6 Melbourne | Economy | Window Low lactose Booking accepted
7 Perth First Aisle Standard Booking accepted
8 Sydney Business | Window Lacto-ovo Booking accepted

NOTE

If the required test coverage had been to meet the maximality criterion, then all combinatid

classes would need to be exercised, which would resultin 8 x 3 x 2 x 7 = 336 test cases.

B.2.2.6 Classification tree method coverage

Using the definitions provided in 6.2.2 and the test cases derived above:

C

classification_tree_minimality =

—x100%=100%
20

Thus, 100 % coverage of test coverage items (classes) for the classification tree has been achieved.
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B.2.3 Boundary value analysis

B.2.3.1 General

The aim of boundary value analysis is to derive a set of test cases that cover the boundaries of each
input and output partition of the test item according to the chosen level of boundary value coverage. It
is based on the following premises. First, that the inputs and outputs of a test item can be partitioned

into

classes that, according to the test basis for the test item, will be treated similarly by the test

item
discd
pron

The
5.2.3

B.2.3
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The
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For b
defin

Equi
The {

I

second, that the members of some partitions can be ordered from lowest to highest with no
ntinuity; and third, that the boundaries of ordered contiguous partitions are historically an error
e element of software development. Test cases are generated to exercise these boundaries.

jollowing is an example of two-value boundary testing with one-to-one test cases (see 5/2.3.2 and
.3 respectively).

.2 Test basis
ider a test item, generate_grading, with the following test basis:

component receives an exam mark (out of 75) and a coursework (c/w){mark (out of 25) as input,

which it outputs a grade for the course in the range 'A' to 'D". The gradeis generated by calculating
verall mark, which is the sum of the exam and c¢/w marks, as follows;

greater than or equal to 70 > NA

greater than or equal to 50, but less than 70 ¢t 'B

greater than or equal to 30, but less than 50 - ¢

less than 30 - 'D

Fe invalid input(s) are detected (e.g. a markiis outside its expected range) then a fault message
) is generated. All inputs are passed as integers.

.3 Determine required test covérage

foverage of all boundary values (using two-value boundary testing).

4 Create test model((TD1)

oundary value analysis, the test model consists of the equivalence partitions for the test item that
e ordered sets. The partitions are defined in terms of their boundaries.

yalence partitions are identified from the valid and invalid inputs and outputs of the test item.

ollowingwalid equivalence partitions (EP) can be identified for the inputs:

P 0 < exam mark <75

EP2: 0 < coursework mark < 25

The most obvious invalid equivalence partitions for the inputs can be identified as:

EP3: exam mark > 75

EP4: exam mark < 0

EP5: coursework mark > 25

58
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EP6: coursework mark < 0

Although partitions EP3 to EP6 appear to be bounded on one side only, these partitions are in fact
bounded by implementation-dependent minimum and maximum values. For integers held in sixteen
bits these would be 32767 and -32768 respectively. Therefore, EP3 to EP6 can be more fully defined as
follows (remembering that all marks are integers):

EP3: 76 < exam mark < 32767 (or 75 < exam mark < 32767)

EP4:  -32768 < exam mark < -1 (or -32768 < exam mark < 0)
EP5: 26 < coursework mark < 32767 (or 25 < coursework mark < 32767)
EP6:  -32768 < coursework mark < -1 (or -32768 < coursework mark < 0)

Next, the partitions for the outputs are identified. The valid partitions are prodiiced by considering
each of the valid outputs for the test item thus:

EP7: 'A' is induced by 70 < total mark < 10Q
EP8: 'B'isinduced by 50 < total mark's69
EP9:  'C'isinduced by 30 < total'mark < 49
EP10: 'D'isinduced by 0 < total'mark < 29

EP11: 'Fault Message' (FM) isinduced by . tetal mark> 100
EP12: 'Fault Message' (FM) isinduced by "~ total mark <0
where total mark = exam mark + coursework mark.

Similar to the inputs, the output is bounded on either side by implementation-dependent maximunp and
minimum values. Assuming the output is stored in integers held in sixteen bits from -32768 to 32767,
EP11 and EP12 can be redefined ag follows.

EP11: 101 <total mark's.82767 (or 100 < total mark < 32767)
EP12: -32768 < total'mark < -1 (or -32768 < total mark < 0)
'Fault Message' is considered here as it is a specified output.

Note that the above 12 equivalence classes all define ordered sets (as is required for boundary yalue
analysis). Further equivalence classes can be identified for unordered sets, but these are not reqiiired
for boundaky value analysis (the full set of equivalence partitions for this example test basis cgn be
seen in-B2.1).

B.23.5 Identify test coverage items (TD2)

W2 ualuabayndarg ualiin analucicic o Liad that varaga itan
= 515 5tHe—+ eage1teH

P nH a S aras
Voot oouOoTy v arat ooty o1o o o p prc oIt < v ToTorecs

— the boundary values (minimum and maximum values) of each equivalence partition;

— thevalues anincremental distance outside the boundary of each equivalence partition (as the marks
are integers, the incremental distance is one).

BOUND1 exam mark =0 from EP1: 0 <= exam mark <= 75
BOUND1-out exam mark = -1 from EP1: 0 <exam mark <75
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BOUND2 exam mark =75 from  EP1: 0 < exam mark <75
BOUND2Z-out exam mark =76 from  EP1: 0 < exam mark <75

BOUND3 coursework mark =0 from  EP2: 0 < coursework mark < 25
BOUND3-out coursework mark = -1 from  EP2: 0 < coursework mark < 25
BOUNB4 coturseworkmark=25 from—EP2: f<—courseworkmark <25
BOUND4-out coursework mark = 26 from  EP2: 0 < coursework mark < 25
BOUNDS5 exam mark = 76 from  EP3 76 < exam mark < 32767
BOUNDS5-out exam mark =75 from  EP3 76 < exam mark < 32767
BOUND®6 exam mark = 32767 from  EP3 76 < exam mark 32767
BOUNDG6-out exam mark = 32768 from  EP3 76 < exam mark< 32767
BOUND7 exam mark = -32768 from  EP4: -32768 <exam mark < -1
BOUND7-out exam mark = -32769 from  EP4: -32768’< exam mark < -1
BOUNDS exam mark = -1 from  EP4: <32768 < exam mark < -1
BOUNDS-out exam mark =0 from  EP4: -32768 < exam mark < -1
BOUND9 coursework mark = 26 from . EP5: 26 < coursework mark < 32767
BOUNDO9-out coursework mark = 25 from~ EP5: 26 < coursework mark < 32767
BOUND10 coursework mark = 32767 from  EP5: 26 < coursework mark < 32767
BOUND10-out  coursework mark = 32768 from  EP5: 26 < coursework mark < 32767
BOUND11 coursework mark = -32768 from  EP6: -32768 < coursework mark < -1
BOUND11-out  coursework mark'=-32769 from  EP6: -32768 < coursework mark < -1
BOUND12 coursework mark = -1 from  EPé6: -32768 < coursework mark < -1
BOUND12-out  coursework mark =0 from  EPé6: -32768 < coursework mark < -1
BOUND13 totalmark =70 from  EP7: 70 < total mark < 100
BOUND13-out_\total mark = 69 from  EP7: 70 < total mark < 100
BOUND14 total mark = 100 from  EP7: 70 < total mark < 100
BOUNB24-out total mark=101 from  EP7: 70 < total mark < 100
BOUND15 total mark =50 from  EPS8: 50 < total mark < 69
BOUND15-out  total mark =49 from  EPS8: 50 < total mark < 69

BOUND16 total mark = 69 from  EPS8: 50 < total mark < 69
BOUND16-out  total mark =70 from  EPS8: 50 < total mark < 69

BOUND17 total mark = 30 from  EP9: 30 < total mark <49
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BOUND17-out  total mark =29 from  EPO: 30 < total mark < 49
BOUND18 total mark = 49 from  EPO: 30 < total mark < 49
BOUND18-out  total mark =50 from  EPO: 30 < total mark < 49
BOUND19 total mark =0 from  EP10: 0 <total mark <29
BOUND20 total mark = 29 from  EP10: O <total mark <29
BOUND20-out total mark =30 from  EP10: 0 <total mark <29
BOUND21 total mark = 101 from  EP11: 101 < total mark< 32767
BOUND21-out  total mark =100 from  EP11: 101 < totakmark < 32767
BOUND22 total mark = 32767 from  EP11: 101 s{etal mark < 32767
BOUND22-out  total mark = 32768 from  EP11: 104 % total mark < 32767
BOUND23 total mark =-32768 from  EP12:-+32768 < total mark < -1
BOUND23-out total mark =-32769 from  EP12: -32768 <total mark<-1
BOUND24 total mark = -1 fromy\) EP12: -32768 < total mark < -1
BOUND24-out total mark=0 from  EP12: -32768 <total mark<-1

Because several of the equivalence partitions~atre contiguous (i.e. they share a common boundary),
the second value identified as being an incremental distance outside the boundary of the partition is
often a duplicate of the boundary value ofithe next partition. For instance, BOUND1-out is a duplicate of
BOUNDS as EP1 and EP4 share a common boundary.

When the duplication is removed,'the following test coverage items are left:

TCOVER1 exam mark= 0 BOUND1 and BOUND8-out
TCOVER?2 examymark = 75 BOUND2 and BOUND5-out
TCOVER3 coursework mark = 0 BOUND3 and BOUND12-out
TCOVER4 coursework mark = 25 BOUND4 and BOUND9-out
TCOVERS exam mark = 76 BOUND5 and BOUND2-out
TCOMERG6 exam mark = 32767 BOUNDG6

TCGOVER7 exam mark = 32768 BOUNDG6-out

TCOVERS8 exam mark =-32768 BOUND7

TCOVER9 exam mark =-32769 BOUND7-out

TCOVER10 exam mark = -1 BOUNDS8 and BOUND1-out
TCOVER11 coursework mark = 26 BOUNDO9 and BOUND4-out
TCOVER12 coursework mark = 32767 BOUND10
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TCOVER13 coursework mark = 32768 BOUND10-out

TCOVER14 coursework mark =-32768 BOUND11

TCOVER15 coursework mark = -32769 BOUND11-out

TCOVER16 coursework mark = -1 BOUND12 and BOUND3-out

TCOVERT? totatmark=76 BOUND13and BOUNBt6-out
TCOYER18 total mark = 100 BOUND14 and BOUND21-out

TCOYER19 total mark = 50 BOUND15 and BOUND18-out
TCOYER20 total mark = 69 BOUND16 and BOUND13-out
TCOYER21 total mark = 30 BOUND17 and BOUND20-06ut
TCOYER22 total mark = 49 BOUND18 and BQUND15-out
TCOYER23 total mark =0 BOUND19 and BOUND24-out
TCOYER24 total mark = 29 BOUND20and BOUND17-out
TCOYER25 total mark = 101 BOUND21 and BOUND14-out
TCOYER26 total mark = 32767 BOUND22

TCOYER27 total mark = 32768 BOUND22-out

TCOYER28 total mark = -32768 BOUND23

TCOYER29 total mark =-32769 BOUND23-out

TCOYER30 total mark = -1 BOUND24 and BOUND19-out

NOTH Alternatively, 3-value boundary'value analysis can be performed, which would result in a larger
number of test coverage items being derived (one on the boundary and values either side of it).

B.2.3.6 Derive test cases (TD3)

Test [cases can now be derived to cover the test coverage items that were identified in the previous
step.|One-to-one boundary value analysis can be used to derive one test case per test coverage item; or
minimized boundaryCralue analysis can be used to derive the minimum number of test cases required
to coyver all test coverage items. This example uses one-to-one boundary value analysis.

The preconditiohs of all test cases for the generate_grading function are the same: the application is
ready to takeithe inputs of exam and coursework mark.

As 100-% boundary coverage is required and one-to-one boundary value analysis is used, then 8 test
case$—canbe derived for the input exam markasshown in Table B 12 Fach tost case is derived as

follows: first, select one boundary value (test coverage item) for inclusion in each test case; second,

alloc

ate an arbitrary valid value to the other input present in the test case (e.g. coursework mark = 15);

and third, determine the expected output of the test.

Table B.12 — Test cases for exam mark

Test case 1 2 3 4 5 6 7 8

Input (exam mark) -1 0

32767 -32768 75 76 32768 -32769
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Table B.12 (continued)

Test case 1 2 3 4 5 6 7 8
Input (coursework 15 15 15 15 15 15 ) )
mark)
total mark (as cal- 14 15 i 32753 90 91 ) )
culated)
T . ad. TCOV- T oAl IrnNA LawFa¥alSAnlaVWd lsaVaFat®aniaYal oY N1 snFa¥alSAninl -l LaaFa¥Fal s sl eyl LsaFa¥a\{
ICTOU LUVClasC ILCIII ERlO ITGUVLINL I'GUV LINU ITGUV LINO ITUUVLINA ITGUVLIND ITUUVLIN/ I'GVYU ER9
Expected output 'FM' 'D' 'FM' 'FM' ‘Al 'FM' - -
The exam mark inputs for TCOVER7 and TCOVER9 cannot be represented using 16 bifs.and sq test
cases 7 and 8 are considered to be infeasible.
Using the same approach, and setting the input exam mark to an arbitrary valjd-value of 40, the test
cases derived for the input coursework mark are shown in Table B.13.
Table B.13 — Test cases for coursework mark
Test case 9 10 11 12 13 14 15 16
Input (exam mark) 40 40 40 40 40 40 - .
Input (coursework 1 0 25 26 32767 | -32768 | 32768 | -3269
mark)
total mark (as calcu- 39 40 65 26 i 32728 i |
lated)
. TCOV- TCOV- TCOV- TCOV- TCOV- TCQV-
Test coverage item ER16 TCOVER3 | TCOVER4 ER11 ER1?2 ER14 ER13 ERlLS
Expected output 'FM' 'C' (B! 'FM' 'FM' ‘FM’ - .

The coursework mark inputs for TCOVER#3*and TCOVER15 cannot be represented using 16 bits and so
test cases 15 and 16 are considered to bé infeasible.

Using the same approach, and given that the input values of exam mark and coursework mark

have

been derived from total mark (Wwhich is their sum), the test cases derived for the total mark are shown
in Table B.14 and Table B.15.

Table B.14 — Test cases for total mark

Test case 17 18 19 20 21 22 23
Input (exam mark) -1 0 24 50 29 15 49
Input (coursework 0 0 25 0 0 15 20

mark)
totalanark (as calcu- 1 0 49 50 29 30 69
lated)
Test coverage item |TCOVER 30| TCOVER 23| TCOVER 22| TCOVER 19| TCOVER 24| TCOVER 21| TCOVHR 20
Expected output 'FM' 'D' 'C' 'B' ‘D' 'FM' 'B
Table B.15 — Test cases for total mark (continued)

Test case 24 25 26 27 28 29 30
Input (exam mark) 45 75 75 32767 -16384 - -
Input (coursework 25 25 26 0 16384 ) )

mark)
total mi‘:tke ((SS calcu- 70 100 101 32767 -32768 32768 -32769
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Table B.15 (continued)

Test case 24 25 26 27 28 29 30
Test coverage item |TCOVER 17 |TCOVER 18| TCOVER 25|TCOVER 26| TCOVER 28| TCOVER 27 |TCOVER 29
Expected output ‘Al ‘Al 'FM' 'FM' 'FM' - -

The total mark values for TCOVER27 and TCOVER29 cannot be represented using 16 bits and so test
cases 29 and 30 are considered to be infeasible.

It sh«l)uld be noted that when invalid input values are used that can be represented in 16 bits (as above,
in teft cases 1, 3,4, 6,9, 12, 13, 14, 17, 22, 26, 27 and 28) it may, depending on the implementationf{be
impgssible to actually execute the test case. For instance, in the Ada programming language, if the input
varigble is declared as a positive integer then it will not be possible to assign a negative value€ to it.
Desplite this, it is still worthwhile considering all the test cases for completeness.

The above test suite achieves 100 % boundary value coverage for 2-value boundary valtie,analysis as it
enables all feasible identified test coverage items to be exercised by at least one test ease. Lower levels
of coperage would be achieved if some of the feasible identified boundaries were not'exercised.

B.2.3.7 Boundary Value Analysis Coverage

Using the definitions provided in 6.2.3 and the feasible test cases identified above:

ﬁ><100 %=100%
24

o

boundary_values =

Thug, 100 % coverage for boundary value analysis has beenrachieved.

B.2.4 Syntax testing

B.2.4.1 General

The him of syntax testing is to derive a set(of test cases that cover the input syntax of the test item
according to the chosen level of input syntax coverage. This technique is based upon an analysis of the
test basis of the test item to model itssbehaviour by means of a description of the input via its syntax.
The technique is illustrated by means.of a worked example. The technique is only effective to the extent
that fhe syntax as defined corresfpionds to the required syntax.

B.2.4.2 Test basis

Congjider a test item that’simply checks whether an input float_in conforms to the syntax of a floating
point number, float(defined below). The test item outputs check_res, which takes the form "valid" or
"invglid" dependenton the result of its check.

Herelis a representation of the syntax for the floating point number, float in Backus Naur Form (BNF):

float = int "e" int

int = ["+" | "_"] nat

Aat = {dig}

dig o "O"l"1"'"2"'"3"'"4"'"5"'"6"'"7"'"8"'"9"

Terminals are shown in quotation marks; these are the most elementary parts of the syntax - the actual
characters that make up the input to the test item. | separates alternatives. [] surrounds an optional
item, that is, one for which nothing is an alternative. {} surrounds an item which may be iterated one or
more times.

B.2.4.3 Determine required test coverage

The required level of test coverage is to cover each of the valid options and each of the generic mutations
using the following checklist:
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ml. introduce an invalid value for an element;
m?2. substitute an element with another defined element;
m3. miss out a defined element;

m4. add an extra element.

NOTE Othax pmantationc oo o nead dananding o o o nc of dafo ot ratha £ firocting
™NOTI A4 y) 1 13 Tty P et

Q. PP
TTCToOCTO S OTTeSTtIITST

B.2.4.4 Create test model (TD1)

The first step is to derive the test model from the syntax with the input parameters.in the sy
forming the model, as follows:

INPUT1 float = int "e" int

INPUT?2 int = ["+"|"-"] nat

INPUT3 nat = {dig}

INPUT4 dig="0"|"1"|"2"|"3"|"4"|"5"|"6"|"7"|"8"|"9"

B.2.4.5 Identify test coverage items (TD2)

The test coverage items for syntax testing are the “options” (valid test coverage items) and “mutat
(invalid test coverage items) of the defined syntax (see 5.2.4.2 for definitions of “options”
“mutations”).

Valid test coverage items can be derived for the elements on the right hand side of the BNF defin

“«w,n

There are three test coverage items that can\be derived for the “+” and “-” signs of INPUT2:

TCOVER1: there is no +"or "-" sign (for INPUT2 & INPUT1)
TCOVER2: there isd""+" sign (for INPUT2 & INPUT1)
TCOVERS3: theresis a "-" sign (for INPUT2 & INPUT1)

“w,n

ntax

ons
and

tion.

NOTE1 Separate test coverage items can be derived for the first and second instances of “+” and “-"if reqqiired.

nat has two test coverage items:

TCOVER4: nat is a single digit number (for INPUT3 & INPUT?2)

TCOV.ERS: nat is a multiple digit number (for INPUT3 & INPUT2)

NOTE-2" Separate test coverage items can be derived for the first and second instances of nat if required.

diy has ten options:

TCOVERG6: integer isa “0” (for INPUT4 & INPUT3)
TCOVER?7: integerisa “1” (for INPUT4 & INPUT3)
TCOVERS: integerisa “2” (for INPUT4 & INPUT3)
TCOVERO: integerisa “3” (for INPUT4 & INPUT3)
TCOVER10: integer is a “4” (for INPUT4 & INPUT3)
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TCOVER11: integerisa “5” (for INPUT4 & INPUT3)
TCOVER12: integer is a “6” (for INPUT4 & INPUT3)
TCOVER13: integerisa “7” (for INPUT4 & INPUT3)
TCOVER14: integer is an “8” (for INPUT4 & INPUT3)
TFEOVERTS integerisa—9” tfor-INPH T4 &IP3

Therf are thus fifteen valid test coverage items that can be defined.

The |nvalid test coverage items are identified by using the given checklist of generic mutations (see

B.2.4.3). These generic mutations are applied to the individual elements of the syntax to yield’specific

mutdtions:
TCOVER16 apply m1 to first “int” (for INPUT1)
TCOVER17: apply m1 to “e” (forINPUT1)
TCOVER18: apply m1 to second “int” (for INPUT1)
TCOVER19: apply m1to “["+"1"-"1" (for INPUT2)
TCOVER20: apply m1 to “nat” (for INPUT?2)
TCOVER21: apply m2 to substitute “e” for first “int” (for INPUT1)
TCOVER22: apply m2 to substitute “("+"|"-"1" first “4nt” (for INPUT1 & INPUT?2)
TCOVER23: apply m2 to substitute first “int” for\{e” (for INPUT1)
TCOVERZ24: apply m2 to substitute “["+"| "< for “e” (for INPUT1 & INPUT2)
TCOVER25: apply m2 to substitute “e”for second “int” (for INPUT1)
TCOVER26: apply m2 to substitutex1"+"|"-"1” for second “int” (for INPUT1)
TCOVER27: apply m2 to substitute “e” for “"+"|"-"1" (for INPUT1 & INPUT2)
TCOVER28: apply m2 to substitute “e” for “nat” (for INPUT1 & INPUT2)
TCOVER29: apply m2-to substitute “["+"|"-"1” for “nat” (for INPUT1 & INPUT?2)
TCOVER30: apply m3 to first “int” (for INPUT1)
TCOVER34:apply m3 to “&” (for INPUT1)
TCOVER32: apply m3 to second “int” (for INPUT1)
TCOVER33: apply m4 to add element before first “int” (for INPUT1)
TCOVER34: apply m4 to add element before “e” (for INPUT1)
TCOVER35: apply m4 to add element before second “int” (for INPUT1)
TCOVER36: apply m4 to add element after second “int” (for INPUT1)
TCOVER37: apply m4 to add element before first “int” and “1"+"|"-"1 (for INPUT1 & INPUT?2)
TCOVER38: apply m4 to add element between “["+"|"-"]” and first “int” (for INPUT1 & INPUT2)
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(for INPUT1)

[“+”]”-"] has been treated as a single element because the mutation of individual optional items
separately does not create test cases with invalid syntax (using these generic mutations).

B.2.4.6 Derive test cases (TD3)

Valid test cases are derived by selecting one or more options for inclusion in the current test case,

identifying inputs to exercise the option(s) and determining the expected result (in this case, [check_
res’). The resulting valid test cases are shown in Table B.20.
Table B.20 — Valid test cases for syntax testing
Test case Input ‘float_in’ Test coverage item Expected result ‘check_res’
TC1 3e2 TCOVER1 'valid"
TC2 +2e+5 TCOVER2 “alid'
TC3 -6e-7 TCOVER3 'valid'
TC4 6e-2 TCOVER4 'valid'
TC5 1234567890e3 TCOVERS5 'valid'
TC6 0e0 TCOVER6 ‘valid'
TC7 lel TCOVER?7 'valid'
TC8 2e2 TCOVERS8 'valid'
TCO 3e3 TCOVER9 'valid'
TC 10 4e4 TCOVER10 'valid'
TC11 5e5 TCOVER11 ‘valid'
TC12 6e6 TCOVER12 'valid'
TC13 7e7 TCOVER13 'valid'
TC 14 8e8 TCOVER14 'valid'
TC 15 9e9 TCOVER15 'valid'
This is by no means a minimal\test set to exercise the 15 options (it can be reduced to just threg test
cases, for example, 2, 3 and, 5~above), and some test cases will exercise more options than the single
one listed in the “Test coverage item” column. Each option has been treated separately here tp aid
understanding of theirderivation. This approach may also contribute to the ease with which the cquses
of failures are located.
Invalid test cases-are derived by selecting one or more mutations for inclusion in the current test case,
identifying inputs to exercise the mutation(s) and determining the expected result (in this case, ‘check_
res’). The pesulting invalid test cases are shown in Table B.21.
Table B.21 — Invalid test cases for syntax testing
Test case Input ‘float_in’ Mutation Test coverage item Expected result ‘check_rgs’
TC16 xe( m1 TCOVER16 invalid’
TC 17 0x0 m1l TCOVER17 ‘invalid’
TC 18 Oex m1 TCOVER18 ‘invalid’
TC 19 x0e0 m1l TCOVER19 ‘invalid’
TC 20 +xe0 m1l TCOVERZ20 ‘invalid’
TC21 eel m2 TCOVER21 ‘invalid’
TC 22 +e0 m?2 TCOVER22 ‘invalid’
TC 23 000 m?2 TCOVER23 ‘invalid’
TC 24 0+0 m2 TCOVER24 ‘invalid’
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Table B.21 (continued)

Test case Input ‘float_in’ Mutation Test coverage item Expected result ‘check_res’
TC 25 Oee m2 TCOVER25 ‘invalid’
TC 26 Oe+ m2 TCOVER26 ‘invalid’
TC 27 e0e0 m2 TCOVER27 ‘invalid’
TC 28 +eel m2 TCOVER28 ‘invalid’
Ic2Z29 ++el m2Z I'COVERZY mvalid
TC 30 e0 m3 TCOVER30 ‘invalid’
TC 31 00 m3 TCOVER31 ‘invalid’
TC 32 Oe m3 TCOVER32 ‘invalid’
TC33 y0e0 m4 TCOVER33 ‘invalid}
TC 34 Oye0 m4 TCOVER34 ‘invalid’
TC35 Oey0 m4 TCOVER35 ‘invalid’
TC 36 0eOy m4 TCOVER36 ‘invalid’
TC 37 y+0e0 m4 TCOVER37 ‘invalid’
TC 38 +y0e0 m4 TCOVER38 ‘invalid’
TC 39 +0ye0 m4 TCOVER39 ‘invalid’

Somg¢ of the mutations are indistinguishable from correctly formed expansions and these have been
discdrded. For example, the generic mutation m2 (substitute INPUT2 for INPUT4) generates correct
syntiix as m2 is “substitute an element with another defined element” and INPUT2 and INPUT4 are the
samg (int).

Somg¢ of the remaining mutations are indistinguishable from each other and these are covered by a
single test case. For example, applying the generic.iiutation m1 (“introduce an invalid value for an
element”) by replacing INPUT4, which should be an\integer, with “+” creates the form “Oe+”. This is the
sam¢ input as generated for test case 26 above.

Many more test cases can be created by‘haking different choices when using single mutations or
combining mutations.

B.2.4.7 Syntax testing coverage

As stiated in 6.2.4, there is no dpproach for calculating test coverage item coverage for syntax testing.

B.2.5 Combinatorial test design techniques

B.2.5.1 General

The [aim of gembinatorial testing is to reduce the cost of testing by deriving a small (possibly
minimal) number of test cases that cover the chosen set of parameters and input values of the test
item| Combinatorial test design techniques provide the ability to derive test cases from input values
that have' previously been selected, such as through the application of other specification-based test

deSl 11 tCL}llliL{uCD }ll\C t:quivalt:uuc lel titiUllillg Ul ll.)Ul/llH.—icll_y valuc dlld}_ybib. Edb}l tCL}llliLluC VVi}} IUC
demonstrated through the application of one example. Since each technique shares common steps in
identifying feature sets and creating a test model, these steps are demonstrated once below for all
techniques, and this is then followed by the steps of deriving test coverage items and test cases that are
unique to each combinatorial technique.

B.2.5.2 Test basis

Consider the test basis for a test item travel_preference, which records the travel preferences of staff
members of an organization that travel to major capital cities for work purposes. Each set of travel
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preferences is chosen through three sets of radio buttons, which consist of the following input value
choices:

Destination = Paris, London, Sydney
Class = First, Business, Economy

Seat = Aisle, Window

If a valid input combination is provided to the program it will output “Accept”, otherwise it will 01I1tput
“Reject”.

B.2.5.3 Determine required test coverage

The following levels of test coverage will be achieved for combinatorial testing of this'example:
— all combinations (see B.2.5.5);

— pair-wise testing (see B.2.5.6);

— each choice testing (see B.2.5.7);

— Dbase choice testing (see B.2.5.8).

B.2.5.4 Create test model (TD1)

Every combinatorial technique shares a common apptoach to creating the test model. The test npodel
is made up of each parameter (P) of the test item taking on a specific value (V), resulting in ong¢ P-V
pair. This is repeated until all parameters are paired with their corresponding values. For the example
above, this results in the following P-V pairs:

PV1:  Destination - Paris
PV2:  Destination - London
PV3:  Destination - Sydney
PV4:  Class - First

PV5:  Class - Business

PV6:  Class~Economy
PV7: Seat - Aisle

PV8: Seat - Window

B:.2.5.5 All combinations

B.Z.5.5.T Identily test coverage items (TDZ)

In all combinations testing, the test coverage items are the unique combinations of P-V pairs, made up
of one P-V pair for each test item parameter. These P-V pairs were earlier identified as test conditions.

TCOVER1: Destination - Paris, Class - First, Seat - Aisle (forPV 1,4,7)
TCOVER2: Destination - Paris, Class - First, Seat - Window  (for PV 1, 4, 8)
TCOVER3: Destination - Paris, Class - Business, Seat - Aisle (for PV 1,5,7)
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TCOVER4: Destination - Paris, Class - Business, Seat - Window (for PV 1,5, 8)
TCOVERS5: Destination - Paris, Class - Economy, Seat - Aisle (forPV 1,6,7)
TCOVER6: Destination - Paris, Class - Economy, Seat - Window (for PV 1, 6, 8)
TCOVER7: Destination - London,  Class - First, Seat - Aisle (for PV 2,4, 7)
TFEOVERB—DPestination—rtondom,—¢€tass—First Seat—Window—(forPV-2,483
TCOVERY: Destination - London,  Class - Business, Seat - Aisle (for PV 2,5, 7)
TCOVER10: Destination - London,  Class - Business, Seat - Window  (for PV 2, 5, 8)
TCOVER11: Destination - London, Class - Economy, Seat - Aisle (for PV 206,7)
TCOVER12: Destination - London,  Class - Economy, Seat - Window  (for PV2, 6, 8)
TCOVER13: Destination - Sydney, Class - First, Seat - Aisle (for PV 3,4, 7)
TCOVER14: Destination - Sydney, Class - First, Seat - Window.~ (for PV 3,4, 8)
TCOVER15: Destination - Sydney, Class - Business, Seat - Aisle (for PV 3,5,7)
TCOVER16: Destination - Sydney, Class - Business, SeatyWindow  (for PV 3,5, 8)
TCOVER17: Destination - Sydney, Class - Economy, Seat - Aisle (for PV 3,6,7)
TCOVER18: Destination - Sydney, Class - Economy, Seat - Window  (for PV 3, 6, 8)

B.2.3.5.2 Derive test cases (TD3)

Test|cases are derived by selecting one P-V pairfand combining it with every other P-V pair from all
other parameters (where each combination creates exactly one test case), identifying arbitrary valid
valugs to exercise any other input variable required by the test case, determining the expected result
and fepeating until the required coverage is achieved. In this example, this results in the test cases
shown in Table B.22.

Table B:22 — Test cases for all combinations testing

Test Input values Expected | Testcoverage item
case# | pasfination Class Seat result

1 Paris First Aisle Accept TCOVER1
2 Paris First Window Accept TCOVER2
3 Paris Business Aisle Accept TCOVER3
4 Paris Business Window Accept TCOVER4
5 Paris Economy Aisle Accept TCOVERS
& Paris Ecenemy Windew Aecept TCOVERG
7 London First Aisle Accept TCOVER?7
8 London First Window Accept TCOVERS8
9 London Business Aisle Accept TCOVER9
10 London Business Window Accept TCOVER10
11 London Economy Aisle Accept TCOVER11
12 London Economy Window Accept TCOVER12
13 Sydney First Aisle Accept TCOVER13
14 Sydney First Window Accept TCOVER14
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Table B.22 (continued)

1(E)

Test Input values Expected | Test coverage item
case# | pestination Class Seat result
15 Sydney Business Aisle Accept TCOVER15
16 Sydney Business Window Accept TCOVER16
17 Sydney Economy Aisle Accept TCOVER17
18 Sydney Economy Window Accept TCOVERT8

B.2.5.5.3 All combinations testing coverage

Using the definitions provided in 6.2.5.1 and the test coverage items derived above:

18
Call_combinations ZEX]-OO %=100%

Thus, 100 % coverage of test coverage items for all-combinations testing has/been achieved.
B.2.5.6 Pair-wise testing

B.2.5.6.1 Identify test coverage items (TD2)

In pair-wise testing, test coverage items are identified as the unique pairs of P-V pairs for diff
parameters. For the travel_preference example, the following test coverage items can be defined:

TCOVERT1:
TCOVERZ:
TCOVERS3:
TCOVER4:
TCOVERS:
TCOVER®6:
TCOVER?7:
TCOVERS:
TCOVERD9;

TCOVER10:
TCOVER11:

TCOVER12:

Paris, First

Paris, Business
Paris, Economy
London, First
London, Busjness
London, Economy
Sydney; First
Sydney, Business
Sydney, Economy
Paris, Aisle

Paris, Window

London, Aisle

(foryPV1, PV4)
(for PV1, PV5)
(for PV1, PV6)
(for PV2, PV4)
(for PV2, PV5)
(for PV2, PV6)
(for PV3, PV4)
(for PV3, PV5)
(for PV3, PV6)
(for PV1, PV7)
(for PV1, PV8)
(for PV2, PV7)

prent

TCOVER13:
TCOVER14:
TCOVER15:
TCOVER16:

TCOVER17:

London, Window
Sydney, Aisle
Sydney, Window
First, Aisle

First, Window
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TCOVER18: Business, Aisle (for PV5, PV7)
TCOVER19: Business, Window (for PV5, PV8)
TCOVER20: Economy, Aisle (for PV6, PV7)
TCOVER21: Economy, Window (for PV6, PV8)

B.2.5.6.2 Derive test cases (TD3)

Test [cases are derived by selecting one or more unique pairs of P-V pairs (test coverage items),for
inclujsion in the current test case, selecting arbitrary valid values for any other input variable regiifed
by the test case, determining the expected result of the test and repeating until all P-V pairs with

diffe
inclyl

rent parameters are included in at least one test case. In this example, three P-V pairs can be
ded in all test cases. See Table B.23.

Table B.23 — Test cases pair-wise testing

Test|case Input values Expected TestCoverage items
¥ Destination Class Seat result
| Paris First Aisle Accept TCOVEER1, TCOVER10, TCOVER16
Paris Business Window Accept TCOVER2, TCOVER11, TCOVER19
Paris Economy Aisle Accept PCOVER3, TCOVER10, TCOVER20
4 London First Aisle Accept TCOVER4, TCOVER12, TCOVER16
b London Business Window Accept TCOVERS5, TCOVER13, TCOVER19
b London Economy Aisle Accept TCOVER6, TCOVER12, TCOVER20
1 Sydney First Window Accept TCOVER7, TCOVER15, TCOVER17
8 Sydney Business Aisle Accept TCOVERS8, TCOVER14, TCOVER18
D Sydney Economy Window Accept TCOVERY, TCOVER15, TCOVER21
B.2.3.6.3 Pair-wise testing coverage
Using the definitions provided in 6.2:5.2 and the test coverage items derived above:
21 0 )
pair-wise :ZX100 %=100%
Thug, 100 % coverage oftest coverage items for pair-wise testing has been achieved.
B.2.3.7 Each choice testing
B.2.5.7.1 Identify test coverage items (TD2)
In each’choice (or 1-wise) testing, the test coverage items are the set of P-V pairs. Thus, for the travel_
prefdrence example, the following test coverage items can he defined:
TCOVER1: Destination - Paris (for PV1)
TCOVER2: Destination - London (for PV2)
TCOVER3: Destination - Sydney (for PV3)
TCOVER4: Class - First (for PV4)
TCOVER5: Class - Business (for PV5)
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TCOVER6: Class - Economy (for PV6)
TCOVER7: Seat- Aisle (for PV7)
TCOVERS8: Seat- Window (for PV8)

B.2.5.7.2 Derive test cases (TD3)

1(E)

selecting arbitrary valid values for any other input variables required by the test case, determfihinig the

Each choice test cases are derived by selecting one or more P-V pairs for inclusion in the current test.Ease,

expected result and repeating until all P-V pairs are included in at least one test case. For this-exa
only three test cases are required; see Table B.24.

Table B.24 — Test cases for each choice testing

ple,

Test case Input values Expected Test.ove€rage items
# Destination Class Seat result
Paris First Aisle Accept TCOVER1, TCOVER4, TCOVER7
London Business Window Accept TECOVER2, TCOVERS5, TCOVERS
Sydney Economy Aisle Accept TCOVER3, TCOVER6, TCOVER7

Note that other test cases can be derived that would also achieve the required level of coverage.

B.2.5.7.3 Each choice testing coverage

Using the definitions provided in 6.2.5.3 and the test\coverage items derived above:

C

each_choice —

%xlOO %=100%
Thus, 100 % coverage of test coverage items for each choice testing has been achieved.

B.2.5.8 Base choice testing

B.2.5.8.1 Identify test coverage items (TD2)

Test coverage items for base choice testing are chosen by selecting a “base choice” value for
parameter. For example, the base choice can be chosen from the operational profile, from the main

each
path

in use case testingot from the test coverage items that are derived during equivalence partitioning. In

this example, the“Operational profile may indicate that the following input values should be chos

the base chaice?
TCOVER1: Seat - Window

Destination - London, Class - Economy,

Theremaining test coverage items are derived by identifying all remaining P-V pairs:

(PV2, PV6 & PV§)

EN as

TCOVERZ  Destination - Partis, Class - Economy, Seat - Window  (PVTI, PV6 & PV8)
TCOVER3  Destination - Sydney, Class - Economy, Seat - Window  (PV3, PV6 & PV8)
TCOVER4  Destination - London,  Class - First, Seat - Window  (PV2, PV4 & PV8)
TCOVER5  Destination - London,  Class - Business, Seat - Window  (PV2, PV5 & PV8)
TCOVER6  Destination - London,  Class - Economy, Seat - Aisle (PV2, PV6 & PV7)
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B.2.5.8.2 Derive test cases (TD3)
A base-choice test case can now be derived by combining the test coverage items:
Base Choice: London, Economy, Window

This is shown as the first test case the table below. The remaining test cases can now be derived by
substituting one P-V pair into the base-choice test case per test and repeating until all P-V pairs are
covered; see Table B.25

Table B.25 — Test cases for base choice testing

Test Input values Expected | Testcoverage item
case # | pestination Class Seat result
1 London Economy Window Accept TCOVER1
2 Paris Economy Window Accept TCOVERZ
3 Sydney Economy Window Accept TCOVER3
4 London First Window Accept TCOVER4
5 London Business Window Accept TPCOVERS
6 London Economy Aisle Accept TCOVER6

B.2.3.8.3 Base choice testing coverage

Using the definitions provided in 6.2.5.4 and the test coverage-items derived above:

o

6
base_choice =g><100 %=100%

Thug, 100 % coverage of test coverage items for base choice testing has been achieved.
B.2.6 Decision table testing

B.2.6.1 General

The pim of decision table testing is to derive a set of test cases that cover the logical associations
between inputs and outputs (wliich are represented as a series of conditions and actions) associated by
decigion rules according to the-ehosen level of condition and action coverage.

B.2.6.2 Test basis

Take| a cheque debit function whose inputs are debit amount, account type and current balance and
whoge outputs are new balance and action code. Account type may be postal ('p') or counter ('c'). The
actiogn code may be 'D&L), 'D’, 'S&L' or 'L, corresponding to 'process debit and send out letter’, 'process

authorised overdraft limit then the debit is processed. If the new balance would exceed the
authorised overdraft limit then the debit is not processed and if it is a postal account it is suspended.
Letters are sent out for all transactions on postal accounts and for non-postal accounts if there are
insufficient funds available (i.e. the account would no longer be in credit).

B.2.6.3 Determine required test coverage

Full coverage of all (feasible) rules in the decision table.
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B.2.6.4 Create test model (TD1)
The test model consists of the decision table that can be derived from the test basis.

The decision table enables identification of test coverage items as decision rules in the decision t

able.

Each column of the decision table is a decision rule. Decision tables may be also be represented with the

decision rules in rows rather than columns.

The table comprises two parts. In the first part each decision rule is tabulated against the condi

A 'T" indicates that the condition must be TRUE for the decision rule to apply and an 'F' indicateg

ions.
that

the condition must be FALSE for the decision rule to apply. In the second part, each decision rile is

tabulated against the actions. A 'T" indicates that the action will be performed; an 'F' indicates tha
action will not be performed; an asterisk (*) indicates that the combination of conditions«is infed

t the
sible

and so no actions are defined for the decision rule. Two or more columns may bejcembined if|they
contain a Boolean condition that does not affect the outcome regardless of its value,
The example has the decision table shown as Table B.26, which identifies 8 décision rules, 6 of which
are feasible and hence results in the definition of 6 test coverage items.
Table B.26 — Decision table of the cheque debit function

Decision rules: 1 2 3 4 5 6 7 8
Conditions C1: New balance in credit F F F F T T

C2: New balance overdraft, F F T F F T T

but within authorised limit

C3: Account s postal F T F T F T F T
Actions A1: Process debit F F T T T T * *

A2: Suspend account E T F F F F * *

A3: Send out letter T T T T F T * *
NOTE1  Although “T” and “F” have beenused in Table B.26 to denote “True” and “False”, other notations can be

used (e.g. the words “true” and “false” caibe used instead).

NOTE 2  In Table B.26, both conditions and actions are binary (T or F) conditions, which results in a “linpited-

entry” decision table. In “extended)eéntry” decision tables, conditions and/or actions can assume multiple va

B.2.6.5 Identify test coverage items (TD2)

The test coverage items are the six feasible decision rules in the decision table (rules 1 to 6 in Table H

B.2.6.6 Derive test cases (TD3)

Test cases‘are derived by selecting one or more feasible decision rules from the decision tablg
time that have not yet been covered by a test case, identifying inputs to exercise the condition(s]
actions(s) of the decision rule and arbitrary valid values for any other input variables required b
test case, determining the expected result and repeating these steps until the required level o

lues.

.26).

at a
and
y the
F test
ision

Coverage is achieved. The test cases shown in Table B.27 would be required to achieve 100 % ded

table coverage, and correspond to the decision rules in Table B.26 (no test cases are derived for dec
rules 7 and 8 since they are infeasible):

Table B.27 — Test case table of the cheque debit function

ision

CONDITIONS/INPUTS ACTIONS/RESULTS
Account Overdraft Current Debit New Action
Test coverage
Test case type limit balance amount balance code item
1 'c' £100 -£70 £50 -£70 v 1
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Table B.27 (continued)

CONDITIONS/INPUTS ACTIONS/RESULTS
Account Overdraft Current Debit New Action Test coverage
Test case type limit balance amount balance code item
2 'p' £1500 £420 £2000 £420 'S&L 2
3 'c' £250 £650 £800 -£150 'D&L 3
4 P’ £750 -£500 £200 -£700 'D&L 4
5 'c' £1000 £2100 £1200 £900 'D' 5
6 'p' £500 £250 £150 £100 'D&L 6

B.2.4.7 Decision table testing coverage

Using the definitions provided in 6.2.6 and the test coverage items derived above:

o

decision_table =

gx100 %=100%

Thug, 100 % coverage of test coverage items for decision table testing has been achieved.

B.2.Y Cause-effect graphing

B.2.7.1 General

The him of cause-effect graphing is to derive test cases that cover the logical relationships between
causges (e.g. inputs) and effects (e.g. outputs) of a test item according to a chosen level of coverage.
The technique utilises a notation that allows a causeeffect graph of the test item to be designed that
illusfrates relationships between causes and effects as'well as explicit constraints placed on causes and
effedts. This differs from decision table testing in;ivhich constraints are not explicitly stated.

B.2.7.2 Test basis

Take| a cheque debit function whoseinputs are debit amount, account type and current balance and
whoge outputs are new balance and action code. Account type may be postal ('p') or counter ('c'). The
actign code may be 'D&L), 'D’, 'S&Ii or 'L, corresponding to 'process debit and send out letter’, ‘process
debitf only’, 'suspend account and send out letter' and 'send out letter only' respectively. The function
has the following test basis:

f there are sufficient funds available in the account or the new balance would be within the
uthorised overdraft limit then the debit is processed. If the new balance would exceed the
uthorised oyerdraft limit then the debit is not processed and if it is a postal account it is suspended.
etters aressent out for all transactions on postal accounts and for non-postal accounts if there are
insufficiént funds available (i.e. the account would no longer be in credit).

B.2.7.3” “"Determine required test coverage

Full coverage of all (feasible) cause-effect relationships shown in the cause-effect graph.

NOTE This is equivalent to coverage of all (feasible) rules in the corresponding decision table.

B.2.7.4 Create test model (TD1)
The test model is the cause-effect graph.

A cause-effect graph shows the relationship between the causes and effects in a notation similar to
that used by designers of hardware logic circuits. The test basis is modelled by the graph shown in

Figure B.4.
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\%
>4
@ ‘«U@

Vv
Cc3 A3
Figure B.4 — Cause-effect graph of the cheque debit function (see Figure B.5 for notation)
NOTE1 The “empty” node that connects C1/C2 to A1/A2/A3 is a connector node£hatis used to group together
two or more causes.
Identity X v Node Y is true only jf.X is true
IfX=TthenY =\Relse Y=F
Not /\ Node Y is_true only if X is false
X Y ) IfX=FthenY=Telse Y=F
And X Node Z is true only if both X and Y are true
@// £7 KX=TandY=TthenZ=TelseZ=F
Or X 7 Node Z is true only if either X or Y are true
@/ IfX=TorY=TthenZ=TelseZ=F
Nand £ 7 Node Z is true only if either X or Y or both are falge
@/ IfX=ForY=FthenZ=FelseZ=T
Nor X Node Z is true only if neither X nor Y are true
/% Z) ifX=TorY=TthenZ=FelseZ=T
Y
N

Figure B.5 — Notation for illustrating relationships between causes and effects in cause-effect
graphing

NOTE 2  Although the “constraint” notations shown in Figure B.6 are not required for the example
demonstrated in this clause, they are included here as they confer advantages in identifying required, permitted
and forbidden relationships between causes and relationships between effects. Such constraint relationships are
not explicitly stated in decision tables and are often implicit in specifications. These notations provide a means
for verifying the integrity of the cause-effect graph, the decision table and the test cases that are derived from it.
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Cause Constraints

Fig

B.2.7

The
whic
tabld
part
thed

Exclusive /@ Cause X and cause Y cannot be simultaneously true
E IfX=1thenY =0, ifY=1then X =0, can be
simultaneously false
Y
Inclusive /® Cause X and cause Y cannot be simultaneously false
| IfX=0thenY =1,ifY=0then X =1, can be
\@ simultaneously true
One and /@ One and only one of cause X and cause Y mustbe true
only one
e IfX=1thenY =0, if Y=1then X = 0, cannot be
\@ simultaneously true or false
Requires @ Cause Y must be true whehever cause X is true
R < IfX=1thenY=1,ifXX=0thenY=10rY=0

Effect Constraints

Masks Effect Y will be forced false whenever effect X is true

IfX=1thenY =0

Y

ure B.6 — Notation for representing cause and effect constraints in cause-effect graphing

.5 Identify test coverage items (TD2)

rause-effect{grdph is next recast in terms of a decision table (e.g. see References [19] and [20]),
h enables-idéentification of the test coverage items (i.e. the feasible decision rules in the decision
). Each-column of the decision table is a decision rule. The table comprises two parts. In the first
each 'decision rule is tabulated against the causes. A 'T' indicates that the cause must be TRUE for

In th

ecision rule to apply and an 'F' indicates that the cause must be FALSE for the decision rule to apply.
nnnnn L £F, AT s oo TALL

oo d oot ackh d ieiar—riladc tala 1l ot o d 3 £ 4 ot £ oot +1 faont 1
STCOTIO Par G Catir GCCTSTOTT T UalICTIS taburatC U agadiIS T erCCITCeTST 7Y 1T rarcatCstrat cracCIreCTvv I

occur; an 'F' indicates that the effect will not occur; an asterisk (*) indicates that the combination of
causes is infeasible and so no effects are defined for the decision rule.

The
(deci
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example has the decision table shown as Table B.28, which identifies six test coverage items
sion rules 7 and 8 are not test coverage items since they are infeasible).

Table B.28 — Decision table of the cheque debit function

Decision rules: 1 2 3 4 5 6 7 8
C1: New balance in credit F F F F
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Table B.28 (continued)

1(E)

Decision rules: 1 2 3 4 5 6 7 8
C2: New balance overdraft, F F T T F T
but within authorised limit

C3: Account s postal F T F T F T F T
A1: Process debit F F T T T T * *
A2: Suspend account F T F F F F * *
A3: Send out letter T T T T F T * *

B.2.7.6 Derive test cases (TD3)

Test cases are derived by selecting one or more feasible decision rules from the degision table thathave
not been included in a test case, identifying inputs to exercise the causes(s) and effects(s) of the dedision
rule and arbitrary valid values for any other input variable required by the tést case, determining the
expected result of the test case, and repeating these steps until all feasible detision rules are covpred.
The test cases shown in Table B.29 achieve 100 % cause-effect coverage and’correspond to the dedision
rules in Table B.28 (no test cases are generated for decision rules 7 and‘8/as they are infeasible).
Table B.29 — Test case table of the cheque-debit function
CAUSES/INPUTS EFFECTS/RESULTS
Account Overdraft Current Debit New Action
Test coverage
Test case type limit balance ambount balance code item
1 'c' £100 -£70 £50 -£70 T 1
2 P’ £1500 £420 £2000 £420 'S&L 2
3 'c' £250 £650 £800 -£150 'D&L 3
4 'p' £750 £500 £200 -£700 'D&L 4
5 'c' £1000 £2100 £1200 £900 'D' 5
6 P’ £500 £250 £150 £100 'D&L 6

B.2.7.7 Cause-effect graphing coverage

Using the definitions provided in 6.2.7 and the test coverage items derived above:

C

cause-effect

gxlOO %=100%

Thus, 100, % coverage of test coverage items for cause-effect graphing has been achieved.

B.2.8¢ State transition testing

B.2.8.1 General

The aim of state transition testing is to derive a set of test cases that cover transitions and/or states of
the test item according to the chosen level of coverage. The technique is based upon an analysis of the
test basis of the test item to model its behaviour by state transitions.

B.2.8.2 Test basis

Consider a test item, manage_display_changes, with the following test basis:
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The test item responds to input requests to change an externally held display mode for a time display
device. The external display mode can be set to one of four values: two correspond to displaying either
the time or the date, and the other two correspond to modes used when altering either the time or date.

There are four possible input requests: '‘Change Mode', 'Reset’, 'Time Set' and 'Date Set'. A 'Change Mode'
input request shall cause the display mode to move between the 'display time' and 'display date' values.
If the display mode is set to 'display time' or 'display date' then a 'Reset’ input request shall cause the

displ

ay mode to be set to the corresponding 'alter time' or 'alter date' modes. The 'Time Set' input

requ
'Date

B.2.§
The {

q

B.2.8

B.2.8

Fstshattcausethedisplay modetoreturmto—disptay timrefrom—atter timmre—wiritesimmitartytire
Set' input request shall cause the display mode to return to 'display date' from 'alter date".

.3 Determine required test coverage

ollowing levels of test coverage will be achieved for state transition testing of this exampleé:

-switch (see B.2.8.5 and B.2.8.6);

111 transitions (see B.2.8.7 and B.2.8.8);

|-switch coverage (see B.2.8.9 and B.2.8.10).

4 Create test model (TD1)

4.1 General

A stdte model is produced as the test model for state transition testing.

B.2.8

Stateg
cove
exer
diagi

A ST
inpu
toid
and

testi
the €

4.2 Test model for achieving switch coverage

transition diagrams (STD) are most commaorily used as state models when the required test
rage is a form of switch coverage. This is becalise switch coverage requires valid transitions to be
fised and these are a major attribute of statetransition diagrams. The notation for state transition
rams is illustrated below.

D consists of states, transition, evefits and actions (see Figure B.7). Events are always caused by
. Similarly, actions are likely to Cause output. The output from an action may be essential in order
entify the current state of the téstitem. A transition is determined by the current state and an event
s normally labelled simply“with the event and action. As explained in 5.2.8.1, in state transition
hg the test coverage may-extend to all states of the state model, all transitions of the state model or
ntire state model, depending on the coverage requirements of testing.

State 1

input —P» event

action —p
transition —p» output

State 2

Figure B.7 — Generic state model

The STD for the test item manage_display_changes is show in Figure B.8.

80
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1(E)

‘reset’ (R)
alter time (AT)
DISPLAYING ’ CHANGING TIME
TIME (S1) (S3)
< .
‘time set’ (TS)
b:;bp:dy tire (T)
‘change ‘change
mode’ (CM) mode’ (CM)
display display
time (T) date (D)
‘reset’ (R)
v alter date (AD)
DISPLAYING CHANGING
DATE (S2) < DATE (S4)

‘date set’ (DS)
display date (D)

Figure B.8 — State transition diagram for manage_display_changes

B.2.8.4.3 Test model for achieving all transition coverage

State tables are often used as state models*when the required test coverage includes attem

pting

to exercise invalid transitions. This is because a state table explicitly shows both valid and inyvalid

transitions, whereas the state transition\diagram only explicitly shows valid transitions (all transi
not shown are considered invalid). Ofie notation used for state tables is briefly described in Table }

Table B.30 — State table notation

Input 1 Input 2 etc.

Start State 1 Entry A Entry B etc.
Start State 2 Entry C Entry D etc.
etc. etc. etc. etc.

where each®Entry X" = Finish State / Output or Action for the given Start State and Input.

The state'table for manage_display_changes is shown as Table B.31.

Table B.31 — State table for manage_display_changes

tions
8.30.

€M R 5 BS
s1 S2/D S3/AT S1/- S1/-
S2 S1/T S4/AD S2/- S2/-
s3 S3/- S3/- S1/T S3/-
S4 S4/- S4/- S4/- $2/D

Any Entry where the state remains the same and the action is shown as null (-) represents a
transition, where any actual transition that can be induced will represent a failure.
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B.2.8.5 Identify test coverage items for 0-switch coverage (TD2)
To achieve full 0-switch coverage only the valid transitions need to be exercised.

The following test coverage items (valid single transitions) were identified from the state transition
diagram shown in Figure B.8:

TCOVERT1: S1 to S2 with input CM
TCOYERZ: S1 to S3 with input R
TCOYERS3: S2 to S1 with input CM
TCOVYER4: S2 to S4 with input R
TCOYERS: S3 to S1 with input TS
TCOYERG®: S4 to S2 with input DS

B.2.8.6 Derive test cases for 0-switch coverage (TD3)

Inpufs to exercise the valid transitions can be determined from the statetransition diagram (STD), as
can fhe expected result, which can be determined by combining the exXpected output and final state of
the tfansition in the STD.

The pix test cases shown in Table B.32 provide 0-switch test-eoverage. Each test case is derived by
seledting a test coverage item (a transition) and identifying the inputs, expected output and final state
from| the STD until all valid transitions are covered by a testcase.

Table B.32 — 0-switch test casesfor manage_display_changes

Test Case 1 2 3 4 5 6
Start State S1 S1 S2 S2 S3 S4
Input CM R CM R TS DS
Expected Output D AT T AD T D
Finish State S2 S3 S1 S4 S1 S2
Test Coverage Item TEOVER1 | TCOVER2 | TCOVER3 | TCOVER4 | TCOVERS5 | TCOVER6
NOTH A test procedure can/be written for the six text cases in Table B.32 that would allow them to be

execyted sequentially so that the "Finish State" for one test case is the start state of the next (e.g. execution order
51,4,6,3,2).

Thisfindicates thatfor test case 1, the starting state is DISPLAYING TIME (S1), the inputis 'change mode'
(CM), the expected output is 'display date' (D), and the finish state is DISPLAYING DATE (S2).

These six test’cases exercise each of the valid transitions and so achieve 0-switch coverage (Cho
198781)« Tests written to achieve this level of coverage are limited in their ability to detect some types

of fayl€s,because although they will detect the most obvious incorrect transitions and outputs, they will
not hmmmmmmmw I TtioTS:

B.2.8.7 Identify test coverage items for all transitions coverage (TD2)

A limitation of 0-switch coverage is that the tests are derived to exercise only the valid transitions in
the test item. A more thorough test of the test item will also attempt to cause invalid transitions to
occur (to achieve all transitions coverage). It is the testing of these null transitions that is ignored by
test sets designed just to achieve coverage of valid test coverage items (0-switch).

Thus, a more complete test set (all transitions) will test both possible transitions and null transitions,

which means testing the response of the test item to all inputs specified in the test basis in all possible
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states. The state table provides an ideal means of directly deriving test coverage items to cover the null

transitions.

There are 16 entries in the table above representing each of the four possible inputs that can occur in
each of the four possible states, making 16 test coverage items for all transitions coverage, which can be
read from the state table shown as Table B.33.

Table B.33 — State table to test case table mapping for manage_display_changes

CM R TS DS
o S2/D S3/AT S1/- S1/-
(TCOVER1) (TCOVER2) (TCOVER7) (TCOVERS)
< S1/T S4/AD S2/- 2/
(TCOVER3) (TCOVER4) (TCOVER9) (TGOVER10)
o S3/- S3/- S1/T $3/-
(TCOVER11) (TCOVER12) (TCOVERS) (TCOVER13)
y S4/- S4/- S4/- S2/D
(TCOVER14) (TCOVER15) (TCOVER16) (TCOVERG6)

The following test coverage items were identified from the state‘table above for all transitions cove

rage:

TCOVERT1: S1 to S2 with input CM (valid ttansition)
TCOVERZ: S1 to S3 with input R (valid transition)
TCOVERS3: S2 to S1 with input CM (valid transition)
TCOVER4: S2 to S4 with input R (valid transition)
TCOVERS: S3 to S1 with input TS (valid transition)
TCOVER®: S4 to S2 with input DS (valid transition)
TCOVER?Y: S1 to S1 with input TS (invalid transition)
TCOVERS: S1 to Stwith input DS (invalid transition)
TCOVERO: S2 teS2 with input TS (invalid transition)
TCOVER10: S2 to S2 with input DS (invalid transition)
TCOVER1L; S3 to S3 with input CM (invalid transition)
TCOVER12: S3 to S3 with input R (invalid transition)
TCOVER13: S3 to S3 with input DS (invalid transition)
TCOVERIA: S4to S with input t™ (invattd transition)
TCOVER15: S4 to S4 with input R (invalid transition)
TCOVER16: S4 to S4 with input TS (invalid transition)

The first six test coverage items are the same as those identified to achieve 0-switch coverage (see

B.2.8.5).
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B.2.8.8 Derive test cases for all transitions coverage (TD3)

The test cases derived to achieve coverage of the first six test coverage items (TCOVER1 to TCOVER®6)

are shown in Table B.32.

As the first six test coverage items (TCOVER 1 to TCOVER 6) were derived under the 0-switch coverage
tests (see B.2.8.5), the remaining test cases to cover the invalid transitions (TCOVER7 to TCOVER16)

can now be derived as shown in Table B.34, where

« o«

represents a null transition:

Table B.34 — Invalid test cases for manage_display_changes

Test|case 7 8 9 10 11 12 13 14 15 16
Start state S1 S1 S2 S2 S3 S3 S3 S4 S4 S4
Inpuf TS DS TS DS CM R DS CM R TS
Expgcted - - - - - - - - > -
outpput

Finigh state S1 S1 S2 S2 S3 S3 S3 S4 S4 S4
Testfcoverage | TCOV- | TCOV- | TCOV- | TCOV- | TCOV- | TCOV- | TCOV- | FCOV- | TCOV- | TCOV-
item| ER7 ERS8 ER9 ER10 ER11 ER12 ER13 ER14 ER15 ER16
As Thble B.34 shows, test cases that cover invalid test coverage items ‘should not cause a transition

away
and |

B.2.8

For 1
item

TCOVER17:
TCOVER18:
TCOVER19:
TCOVERZ20:
TCOVER21

TCOVER22:
TCOVER23:
TCOVER24:

TCOVER25:

TCOVER26:

S1 to S2 to S1 with inputs CM-and CM

S1 to S2 to S4 with inputs CM and R

S1 to S3 to S1 with inputs R and TS

S3 to S1 to S2 with inputs TS and CM

S3 to S1to §3 with inputs TS and R

S2 £0.51 to S2 with inputs CM and CM

S2 to S1 to S3 with inputs CM and R

S2 to S4 to S2 with inputs R and DS

S4 to S2 to S1 with inputs DS and CM

S4 to S2 to S4 with inputs DS and R

.9 Identify test coverage items - 1-switch testing (TDZ2)

from the starting state (i.e. the start and finish states are the same). The test cases in Tables B.33
B.34 combined will achieve all transitions coverage.

-switch coverage, pairs of possible transitions need:to be exercised. The following test coverage
5 can be identified from the STD to achieve 1-switchicoverage:

B.2.8.10 Derive test cases for 1-switch coverage (TD3)

Test cases can now be written to exercise all possible sequential pairs of transitions. In this example,
there are ten, as shown in Table B.35.

84

Table B.35 — 1-switch test cases for manage_display_changes

Test case

17

18

19

20

21

22

23

24 | 25

26

Start state

S1

S1

S1

S3

S3

S2

S2

S2 | S4

S4
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Table B.35 (continued)

Test case 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26
Input CM | CM R TS | TS | CM | CM R DS | DS
Expected output D D AT T T T T | AD D D
Next state S2 | S2 | S3 | S1 |S1|S1|S1 | S4 | S2 | S2
Input CM R TS | CM R CM R DS | CM R
kxpected output I AD 1 D Al D Al D I AD
Finish state S1 | S4 | S1 S2 S3 S2 | S3 | S2 S1 | S4
Test coverage item 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26
EXAMPLE This indicates that test case 17 comprises two transitions. For the first transition the stqrting
state is DISPLAYING TIME (S1), the initial input is 'change mode' (CM), the intermediate. expected output is
display date (D), and the next state is DISPLAYING DATE (S2). For the second transition) the second input is
'change mode' (CM), the final expected output is display time (T), and the finish state'is PISPLAYING TIMH (S1).
The intermediate states, and the inputs and outputs for each transition, are explicitdy défined.
Longer sequences of transitions can be tested to achieve higher levels ofswitch coverage, dependent on
the level of test thoroughness required.
B.2.8.11 State transition testing coverage
Using the definitions provided in 6.2.8 and the test coverage(téms derived above:
6
Co-switch =g><100 %=100%
16
Call_transitions ZEXIOO %=100%
10
CN-switch =——x100%=100 %
10
Thus, 100 % coverage of test coverage items for 0-switch testing, all-transitions testing and 1-syitch
testing has been achieved.
B.2.9 Scenario testing
B.2.9.1 General
The aim of scenario testing is to derive test cases that cover the scenarios of the test item accordipg to
the chosen/level of coverage. Scenario testing is based upon an analysis of the test basis to prodfice a
model of\its behaviour in terms of sequences of actions that constitute workflows through the test jtem.
There are two types of scenario testing demonstrated in B.2.9.2 and B.2.9.3. The first example is hased

o6n.a generic form of the technique, while the second is a specific example based on use cases.

B.2.9.2 Scenario testing - example 1

B.2.9.2.1 Test basis

Consider a test item withdraw_cash that forms part of the system that drives an automated teller

machine (ATM), and which has the following test basis:

The withdraw_cash function allows customers with bank accounts to withdraw funds from
account via an ATM. A withdrawal can only be made by a user with an open bank account, a valid

their
card

and matching pin, and a working ATM. After the withdrawal is complete, the account balance is debited
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by the withdrawn amount, a receipt for the withdrawal is printed, and the ATM is available and ready
for the next user.

The following scenarios have been specified as being required by the customer:

Typical scenario

— Successful withdrawal of funds from account.

Alte

‘native scenarios

Withdrawal not approved, because:

— 1
— 1
— 1
— 1
— 1
— 1
— 1
— 1
— 1
— 1

NOTH
in thd

B.2.9

Cove

B.2.9

he user's bank card is rejected as it is unrecognized by the ATM

he user enters their PIN incorrectly up to 2 times

he user enters their PIN incorrectly three times, with the ATM retaining the card
he user selects deposit or transfer instead of withdrawal

he user selects an incorrect account that does not exist on the entered card

he withdrawal amount entered by the user is invalid

here is insufficient cash in the ATM

he user enters a non-dispensable amount

he user enters an amount that exceeds their daily allowance

here are insufficient funds in the user’s bank account

In reality, additional scenarios, which address situations such as the user pressing cancel at any point
process, are also possible.

.2.2 Determine required test coverage

rage of main and alternative scefiarios.

.2.3 Create test model (TD1)

To enpable the identification of test coverage items, a model of the test item is produced that identifies

the s
diag]
the v
(U) g

cenarios (and theactivities within them). The example model in Figure B.9 is a flow-of-events
‘am. In this notation; the “main” path is represented as a thick black line, the start and end points of
Forkflow are ldbelled, and each action is tagged with a unique identifier that designates it as a user
r system (S)\(ive. test item) action.
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B.2.9.2.4 Identify test coverage items (TD2)

In scenario testing, the test coverage items to be covered are the main and alternative scenarios
(i.e. they are the sequences of user and system interactions through the flow of events diagram that
constitutes one scenario). There are 11 scenarios (SCEN) described in the specification, including one
main and ten alternatives:

TCOVER1: Successful withdrawal of funds (U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.1, S6, S7,

S0, dY, Ub)

TCOVERZ2: User’s card is unrecognized by ATM (U1, S1.2, S9, U6)

TCOVER3: User enters PIN incorrectly < 3 times (U1, S1.1, U2, S2.2)

TCOVER4: User enters pin incorrectly 3 times (U1,S1.1,02,S2.2,02,52.2,U2, S2.3;-S3)
TCOVERS: User selects deposit or transfer (U1,S81.1,U02,S2.1,U3.2,S10)

TCOVERG6: User selects incorrect account (U1,S1.1,U02,S2.1, U3.1, U4, S4.2)
TCOVER?7: User enters invalid withdrawal amount(U1, S1.1, U2, S2.1, U3.15U4, S4.1, U5, S5.2)
TCOVERS: Insufficient cash in the ATM (U1,S81.1,U02,S2.1443.1, U4, S4.1, U5, S5.3)
TCOVER®9: User enters non-dispensable amount (U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.4)

TCOVER10: User enters amount exceeding daily(U1, S1.4,U2, S2.1, U3.1, U4, S4.1, U5, S5.5)
allowance

TCOVER11: Insufficient funds in user’s account (U4, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.6)

B.2.9.2.5 Derive test cases (TD3)

Test fases are derived by selecting a scenariaoto cover, identifying inputs to exercise the path covered by
the test case, determining the expected result of the test and repeating until all scenarios are covered
as required. The steps of the test case are/typically worded in natural language format.

The three test cases shown in Tables B.36 to B.38 provide examples of typical test cases for scenario-
basefl testing. In practice, it woild be necessary to derive a further 8 test cases to provide coverage of
all 1] test coverage items (they-would follow the same format as the first three).

NOTE1  Within each test.case, there are a wide variety of input values that can be chosen to populate each
inputffield. Equivalence.partitioning can be used to derive a set of values for populating each input field.

Table B.36 — Test cases for scenario testing

Test|case # 1

Test|case name Successful withdrawal of funds

Scenfatrio path exercised U1, S1.1,02,S2.1,U03.1, U4, S4.1, U5, S5.1, S6, S7, S8, S9, U6

Input Valid card with valid customer account - assume 293910982246 is valid

Valid PIN - assume 5652 is valid and matches card
ATM Balance - $50,000

Customer Account Balance - $100

Withdrawal amount - $50

Pre-condition A withdrawal can only be made by a user with an open bank account, a valid
card and matching pin, and a working ATM
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Table B.36 (continued)

Expected result Withdrawal has successfully been made from customer account
ATM balance is $49,950

Customer account balance is $50

ATM is open, operational and awaiting a customer card as input
Test coverage item TCOVER1

Table B.37 — Test cases for scenario testing continued

Test case # 2

Test case name User’s card is unrecognized by ATM

Scenario path exercised U1, S1.2,S9, U6

Input Invalid card

Pre-condition A withdrawal can only be made by a user with an openbank account, a valid
card and matching pin, and a working ATM

Expected result Card is rejected by the ATM with an error message indicating that the card|is
invalid. The ATM is waiting for the customeft0 remove the invalid card.

Test coverage item TCOVERZ2

Table B.38 — Test cases for scenario-testing continued

Test case # 3

Test case name User enters PIN incorrectly <\3 times

Scenario path exercised U1,S1.1,02,S2,2

Input Valid card with valid\¢dstomer account — assume 293910982246 is valid

Invalid PIN enteréd twice - assume 0000 is invalid and does not match card
ATM Balance=%$100
Customer@ccount Balance - $500

Pre-condition A withdrawal can only be made by a user with an open bank account, a valid
card:and matching pin, and a working ATM

Expected result PIN is rejected by the ATM. System prompts user to re-enter their pin.

Test coverage item TCOVER3

NOTE 2  The test cases shown in Tables B.36 to B.38 are each contained in a separate table for readabiljty. In
practice, they canbe.contained in a single table.

B.2.9.2.6 _Scenario testing coverage

Using the definitions provided in 6.2.9 and the three test cases derived above:

i><100 %=27.3%
11

scenarios —

B.2.9.3 Scenario testing - example 2

B.2.9.3.1 General

Use case testing is a form of scenario testing, in which test case derivation is based on a use case model
of the test item. It is demonstrated here using a separate example to provide users of this document
with a fully worked example of this technique.
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B.2.9.3.2 Test basis

Consider the example use case shown in Table B.39 for a test item change_password:

Table B.39 — Example use case for change_password

Use case ID ucoo1
Use case change_password
Purpose To allow a user to change their existing password to a new password
Actofrs User
Desdription This use case allows users to change their current password to a new password.
Trigger User clicks Change Password button on the Main Menu screen
Precpnditions User must already be logged into the system
Scenfario name Step Action
Basi¢ flow 1 User clicks Change Password button
2 System displays Change Password screen
3 User enters their current password correctly
4 User enters their new password correctly.
5 User re-enters their new password correctly
6 User clicks OK
7 System displays message “Password changed successfully”
Altefnative flow - exist- 3.1 User enters their current password incorrectly
ing fassword incorrect |3 ; User enters their new password correctly
3.3 User enters their new password correctly
3.4 User clicks OK
3.5 System displays an error message “Current password entered incor-
rectly. Please-try again.” and highlights all text in the Current Password
field
Alternative flow - new [4.1 Userénters a new password that is less than 8 characters long
password less than 8 4.2 yser clicks OK
charpcters -
4.3 System displays an error message “New password must be at least 8
characters long. Please try again.”
Altefnative flow - new |5.1 User enters a new password that is the same as their current password
password same as cur- g~ User clicks OK
rentfpassword -
573 System displays error message “New password must not be the same as
current password. Please try again.”
Alternative flow “pew 6.1 User re-enters new password that does not match the new password
passfwords do ot match they entered at step 4
6.2 User clicks OK
6.3 System displays error message “New passwords do not match. Please
try again.”
Variants and ex- None
ceptions
Rules New password must be different from current password
New password must be at least 8 characters long
System will mask all current and new password characters with an asterisk (*)
Frequency Used the first time a new user logs into the system
Typically used twice per user per year on average
Can be invoked any time the user clicks the “Change Password” button
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Additional scenarios, which address situations such as the user entering invalid characters for their

B.2.9.3.3 Determine required rest coverage

Coverage of typical and alternative scenarios.

B.2.9.3.4 Create test model (TD1)

The test model is the use case description shown in Table B.39.

B.2.9.3.5

The test coverage items in use case testing are the typical and alternative scenariospas-follows.

TCOVER1:
TCOVERZ:
TCOVERS3:
TCOVER4:

TCOVERS:

Identify test coverage items (TD2)

Main flow

Alternative flow - existing password incorrect
Alternative flow - new password less than 8 characters
Alternative flow - new password same as current password

Alternative flow - new passwords do not miatch

B.2.9.3.6 Derive test cases (TD3)

Test cases are derived by selecting a scenario to &over, identifying inputs to exercise the path covered
by the test case, determining the expected resultand repeating until all use case scenarios are covyered
as required. See Tables B.40 to B.44.

Table B.40-+— Test cases for use case testing

Use case name

changespassword

Test case name

Mainflow

Description User successfully changes their password

Actors User

Test coverage item TCOVER1

Use case steps covered 1,2,3,4,5,6,7

Preconditions User is already logged into the system

# |Step Expected result

1 |Userxclicks Change Password button System displays Change Password screen

2 _|User enters their current password cor- Current password is masked with asterisk (*) symbols
rectly
User enters their new password correctly |New password is masked with asterisk (*) symbols
USer re-enters thelr New password correct- |New re-entered password 1s masked with asterisk (1) sym-
ly bols

5 |User clicks OK System displays message “Password changed successfully”

Table B.41 — Test cases for use case testing continued

Use case name

change_password

Test case name

Alternative flow - existing password incorrect

Description

User attempts to change password but enters their current password incorrectly
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Table B.41 (continued)

Actors

User

Test coverage item

TCOVER2

Use case steps covered

1,2,31,3.2,3.3,34,3.5

Preconditions User is already logged into the system

# |Step Expected result

1 [USer clicks Change Password button System displays Change Password screen

2 |User enters current password incorrectly |Current password is masked with asterisk (*) symbols

3 |User enters their new password correctly |New password is masked with asterisk (*) symbols

4  |User enters their new password correctly |New password is masked with asterisk (*) symbols

5 |User clicks OK System displays error message “Current password entered

incorrectly. Please try again.”

Table B.42 — Test cases for use case testing continued

Use ¢ase name change_password
Test|case name Alternative flow - new password less than 8 characters
Desdription User attempts to change password but enters less than 8 characters for password
Actoys User
Test|coverage item TCOVER3
Use ¢ase steps covered 1,2,3,4.1,4.2,4.3
Precpnditions User is already logged into the system
# |Step Expected result
1 |User clicks Change Password button Systemndisplays Change Password screen
2 |User enters their current password cor- Current password is masked with asterisk (*) symbols
rectly
3 |User enters a new password that is less New password is masked with asterisk (*) symbols
than 8 characters long
4  |User clicks OK System displays an error message “New password must be at
least 8 characters long. Please try again.”
Table B43 — Test cases for use case testing continued
Use ¢ase name change_password
Test|case name Alternative flow - new password same as current password
Desdription User attempts to change password but enters new password matching old pass-
word
Actoys User
Test|coverageitem TCOVER4
Use ¢asé'steps covered 1,2,3,5.1,5.2,5.3
Preconditions Useris already logged into the system
# |Step Expected result
1 |User clicks Change Password button System displays Change Password screen
User enters their current password cor- Current password is masked with asterisk (*) symbols
rectly
3 |User enters a new password that is the New password is masked with asterisk (*) symbols
same as their current password
4  |User clicks OK System displays error message “New password must not be
the same as current password. Please try again.”
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Table B.44 — Test cases for use case testing continued

Use case name change_password

Test case name Alternative flow - new passwords do not match

Description User attempts to change password but their new passwords do not match

Actors User

Test coverage item TCOVERS5

Use case steps covered 1,2, 3,46.1,6.2,6.3

Preconditions User is already logged into the system

# |Step Expected result

1 |User clicks Change Password button System displays Change Password screen

2 |User enters their current password cor- Current password is masked with asterisk (¥) symbols
rectly

3 |User enters their new password correctly |New password is masked with asterisk (*) symbols

User re-enters new password that does not |Re-entered password is masked, with asterisk (*) symbo
match new password entered at step 3

%)

5 |User clicks OK System displays error message “New passwords do not
match. Please try againX’

B.2.9.3.7 Use case testing coverage

Using the definitions for calculating scenario test coverageprovided in 6.2.9 and the test coverage items

derived above:

C

scenarios —

§X100%:100%

B.2.10 Random testing

B.2.10.1 General

The aim of random testing is toderive a set of test cases that cover the input parameters of a test
using values that are selected”according to a chosen input distribution. This technique require
partitioning of the input domain of the test item, but simply requires input values to be chosen rand
from this input domain,

B.2.10.2 Test basis
Consider a testitem that transforms coordinates, with the following test basis:

The comipoenent shall transform the Cartesian coordinates (x,y) for screen position into their
equivalent (,H) using the equations: r= sqrt (x? + y2) and cos H = x/r. The origin of the Cart
coordinates and the pole of the polar coordinates shall be the centre of the screen and the x-axis
be.considered the initial line for the polar coordinates progressing counter-clockwise. All input;

item
S no
pmly

bolar
bsian
shall

and

eutputs shall be represented as fixed-point numbers with hoth a range and a precision. These shal

be:

Inputs

x - range - 320..+ 320, in increments of 1/26

y - range - 240..+ 240, in increments of 1/27
Outputs

r - range 0..400, in increments of 1/2°6

H - range 0..((2*pi)-1/2%), in increments of 1/26
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B.2.10.3 Determine required test coverage

Coverage for random testing cannot be measured. However, it is possible to set a criterion for
determining when sufficient test cases have been derived, such as by defining a set number of test cases
or by setting an amount of effort to be spent on the random testing activity, among others. For this
example, the required test coverage is set at four test cases.

B.2.10.4 Create test model (TD1)

The test model in random testing shows the domain of all possible inputs from which test input values
can e selected for each input parameter. It can be shown as:

INPUT1: x - range - 320..+ 320, in increments of 1/26

INPUT?2: y -range - 240..+ 240, in increments of 1/27

B.2.10.5 Identify test coverage items (TD2)

Therje are no recognized test coverage items from random testing.

B.2.10.6 Derive test cases (TD3)

Test|cases are constructed by first choosing an input distributien*and then applying that input
distrfibution to the input domain and determining the expected result of each test case (shown as
‘outgut’ for the two output parameters r and H in Table B.45)<Since no information is available about
the gperational distribution of the inputs to the test item_in’this example, a uniform distribution is
chosen. From the definitions, it can be seen that any one randomly chosen input for x can take one of
41,024 values (641 x 26), while y can take one of 61,568 yalues (481 x 27). Care should be taken if using
an expected operational distribution rather than a uniform distribution - an expected distribution that
ignores parts of the input domain can lead to unexpected error conditions being left untested.

Sinc¢ each test case must include selection of a\random test input values from the input domain of the
test {tem for both x and y, each test case willlcover both test input values. In a uniform distribution, all
input values within the define ranges of xland y have equal probability of being selected as inputs into
the tpst case. For example, the four testeases in Table B.45 can be defined.

Table'B.45 — Test cases for random testing

Test|case 1 2 3 4
Inpuf (x) -126.125 11.015625 283.046875 -99.109375
Inpult W) 238.046875 78.03125 -156.054688 -9.0625
Outyjut r calculatedsas/(r = sqrt (x2 + y2)) 269.395305 78.804949 323.216025 99.522847
Outgut H calculated as (cos H = x/r)) 2.058024 1.430554 0.503870 3.050407

B.2.10.7, Rahdom testing coverage

As stated in 6 210 there is r‘nrrnnﬂy no indnch‘y ngrppd npprnarh for rq]rll]afing coverage of test

coverage items for random testing.

B.2.10.8 Automating random testing

Random testing may be performed either manually or using automation. Random testing is most
cost-effective when fully automated as then very many tests can be run without manual intervention.
However, to achieve full automation it must be possible to:

— automatically generate random test inputs; and

— either automatically generate expected results from the test basis; or
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— automatically check test outputs against the test basis.

1(E)

The automatic generation of random test input values is not difficult using a pseudo-random number

generator as long as the test item’s inputs are well-defined. If the test input values are produced us

inga

pseudo-random number generator, then these values do not need to be recorded explicitly as the same
set can be reproduced. This is normally possible if a "seed" value has been used to prime the pseudo-

random number generator and this value is recorded.
problematic. Generally, it is not practicable to automatically generate expected outputs or automat
check outputs against the test basis, however for certain test items it is possible, such as where:

— trusted independently-produced software that performs the same function as the test
is available (presumably not meeting the same constraints such as speed ,0f)processin
implementation language);

— the test is concerned solely with whether the test item crashes or not (so the expected result is
to crash");

— the nature of the test item’s output makes it relatively easy to check the result. An example o
is a sort function where it is a simple task to automatically check¢hat the outputs have been s
correctly;

— it is easy to generate inputs from the outputs (using the inverse of the test item’s function|
example of this is a square root function where simply squaring the output should produc
input.

f this
rted

. An
b the

In the example in B.2.10.2, the coordinate transformation test item can be checked automatically fising

the inverse function approach. In this case, rcosti=x can be obtained directly from the test basi
the test item. By some analysis rsinH=y can alsg,be deduced. If these two equations are satisfied
reasonable numerical tolerance, then the testdtem has transformed the coordinates correctly.

Even when full automation of random te$ting is not practicable its use should still be considered|
does not carry the large overhead of designing test cases as required by the non-random techniqug

For test items with larger input- sets than this small example the “Symbolic Input Attr
Decomposition” (SIAD) tree fCho 1987[6]) is a useful method for organizing the input domai
random sampling before test case design.

B.2.11 Metamorphic testing

B.2.11.1 General

Metamorphicytésting uses metamorphic relations to derive follow-up test cases from a succe
source test'ease. It is particularly useful when the determination of expected results is difficult, su
for a cemiplex system with multiple inputs (e.g. a neural network working with big data).

B.2¢11.2 Test basis

s for
to a

as it
S,

bute
h for

ssful
ch as

LI | + et +1 + 1 £ 111 A + 1 . 4 £ 1 + L
CUllblut!l d LCSUILCIIT UIdU SEAILIIES 1O avdlldDIC ITOLET TOUIILS g1veEIl d SEU 01 SE4ICIT DAl dIIICLELS, WIL
following test basis:

1 the

The system will provide users with a list of available accommodation based on their input requirements.

Inputs and outputs shall be as follows:
Inputs
start date - dd-mm-yy (entry field will prevent dates in the past)

end date - dd-mm-yy (entry field will prevent dates earlier than one day after the start date)
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1

ocation - picked from a list

number of guests - 1 to 10

room type - single, double, family

swimming pool - yes/no/not specified

air conditioning - yes/no/not specified

B.2.

Cov

dete
requ
othe

B.2.
The

MR1
avail

MR2
availl

MR3
list o

MR4
acco

MR5

inimum guest rating - 1*, 2*, 3* 4* 5*/not specified
ree cancellation - yes/no/not specified

iFi - yes/no/not specified

ar park - yes/no/not specified

ree breakfast - yes/no/not specified

ist of available accommodation (with links)

1.3 Determine required test coverage

age for metamorphic testing cannot be measured. Howevet, it is possible to set a criterion for
mining when sufficient test cases have been derived, such/as by defining a maximum number of
red test cases or by setting an amount of effort to be spent on the random testing activity, among
S.

1.4 Create test model (TD1)

est model in metamorphic testing is a\set of metamorphic relations based on the required
iour that relates pairs of test inputs~and pairs of test outputs. The following metamorphic
jons have been defined:

Given a valid search, if the number of guest requirements is reduced, then the size of the list of
able accommodation should intrease (or stay the same).

Given a valid search, if the/number of guest requirements is increased, then the size of the list of
able accommodation shoeuld decrease (or stay the same).

Given a valid search, if the requested dates are changed to a subset of the original dates, then the
f available acconimodation should increase (or stay the same).

Given a valid search, if the order of guest requirements is changed, then the list of available
mmodation should stay the same.

Given a valid search, if the required minimum star rating is reduced, then the list of available

acco

mmtodation should increase (or stay the same).

B.2.11.5 Identify test coverage items (TD2)

The test coverage items are the individual metamorphic relations:

MR1, MR2, MR3, MR4 and MR5.

B.2.11.6 Derive test cases (TD3)

Test cases can now be derived to cover the metamorphic relations. See Tables B.46 to B.49.
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For MR1: Given a valid search, if the number of guest requirements is reduced, then the size of the list of
available accommodation should increase (or stay the same).

Table B.46 — Test cases for metamorphic testing

Source test case (executed and validated) - S1

Testinputs:

ciaxt dotao — 10 N9 9N
TU—OZ—ZU

Jtor t oace

end date = 12-02-20

location = Clacton-on-sea
number of guests = 2

room type = double

swimming pool = no

air conditioning = no

minimum guest rating = 3*

free cancellation = not specified
WiFi =yes

car park = not specified

free breakfast = yes

Actual results:

— Hotel Miramar
— Royal Hotel

—  Ocean Hotel

— Esplanade Hotel
—  West Hotel

Table B:47 — Test cases for metamorphic testing

Follow-up test case - MR1-S1-F1
Testinputs:

start date = 10-02-20

end date = 12-02-20

location = Cldcton-on-sea

number gfiguests = 2
roomrtype = double
swiltming pool = no

air conditioning = no

MInimum guest rating = 3+
free cancellation = not specified
WiFi = yes not specified « modified test input

car park = not specified

free breakfast = yes
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Table B.47 (continued)

Expected results: As a minimum:
Hotel Miramar

Royal Hotel

Ocean Hotel

Esplanade Hotel

Wes

Hotel

NOTTI

In the above example, the source test case (S1) and the metamorphic relation (MR1) indicaté that

the ekpected result must include all the hotels from S1 but it is expected to also include others now that the
requirement for WiFi has been relaxed. However, when the follow-up test case (MR1-S1-F1) is created, there's
the r¢striction to use the information provided in S1 and MR1; and as neither of these list the otherhotels in the
resont, they cannot be included explicitly in MR1-S1-F1 - all that can be done, as shown, is to statethe expected
resulf as the previous result as a minimum.

Table B.48 — Test cases for metamorphic testing

Folld

w-up test case - MR1-S1-F2

loc

rog
SWi

air

fre
Wi
caj

fre

start date = 10-02-20
end date = 12-02-20
htion = Clacton-on-sea

number of guests = 2

m type = double
mming pool = no

conditioning = e not specified « modified testinput

mipimum guest rating = 3*

e cancellation = not specified
Fi = yes
park = not specified

e breakfast = yes

Expé
Hotg
Roy3
Oced
Espl
Wes

cted results: As a minimum/
| Miramar

1 Hotel

n Hotel

hnade Hotel

Hotel

Furt

herfollow-up test cases for MR1 and S1 can be derived by changing the requirements for each of

the following parameters to not specified"
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—  swimming pool

—  minimum guest rating
—  free cancellation

—  carpark

— free breakfast
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This example has shown how a number of follow-up test cases can be derived using the MR1
metamorphic relation and one source test case (S1). If more source test cases are executed and
validated, then further follow-up test cases can be derived for MR1. For instance, a second source
test case, S2, with different search dates can be executed and validated; and then a number of

follow-up test cases using the MR1 metamorphic relation with this second source test case (e.g.
MR1-S2-F1, MR1-S2-F2) can be derived.

For MR2: Given a valid search, if the number of guest requirements is increased, then the size of the list

£ 111 1 1 111 ya + +1 hY
Ol dvdlldUIC dCCUILITTIIOUALIUIT STTOUTU UCLI 45T (UL Stdy LT S5dl11IC].

Table B.49 — Test cases for metamorphic testing

Source test case (executed and validated) -S2

Testinputs:
start date = 03-04-20

end date = 07-02-20

location = Jaywick Sands
number of guests = 1
room type = single
swimming pool = yes
air conditioning = yes
minimum guest rating = 5*
free cancellation = yes
WiFi = yes
car park = yes
free breakfast = not specified
Actual results:
The Excelsior Hotel
Follow-up test case - MR2-S2-F1
Test inputs:
start date = 03-04-20
end date = 07-02-20

location = Jaywick Sands

number of guests=1
room type =single

swimming pool = yes
aiffconditioning = yes

minimum guest rating = 5*

fl cC LdllLC“dLiUll RAE]
WiFi = yes
car park = yes
free breakfast = yes « modified test input

Expected results:
As a maximum: The Excelsior Hotel
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No further follow-up test cases for MR2 and MR2-S1 can be derived as there was only one item in the
source test case that was ‘not specified’, however if more source test cases are executed and validated
then further follow-up test cases can be derived for MR2

Test cases can be derived for MR3, MR4 and MR5 in a similar manner.

B.2.11.7 Metamorphic testing coverage

As stated i 6-2-11 there s curremntly o imdustry agreed approacit for calculating COverage of test
coverage items for metamorphic testing.

B.2.12 Requirements-based testing

B.2.12.1 General

Reqyirements-based testing simply covers specified atomic requirements.

B.2.12.2 Test basis

Consdlider a test item that controls a car spoiler dependent on the speed of the €ar, with the following test
basig:

The car spoiler control system shall do set spoiler to ‘low’ when input speed does not exceed
$0 km/h, and if the speed is higher than 120 km/h it shall set:spailer to ‘high’, otherwise it shall set
gpoiler to ‘medium’. Valid input speeds are from 0 km/h to220 km/h - invalid speeds will cause an
¢rror message. All speeds are provided as integers.

B.2.12.3 Determine required test coverage

All specified requirements should be covered by tests:

B.2.12.4 Create test model (TD1)

The test model in requirements-based testing is a set of atomic requirements, typically stated in simple
sent¢nces. The following atomic requirements have been specified:

R1: The system shall set spoiler to\low’ when the input speed is between 0 km/h and 50 km/h inclusive.

R2: The system shall set spoilerto ‘high’ when input speed is higher than 120 km/h and no greater than
220 km/h.

R3: The system shallrset’spoiler to ‘medium’ when input speed is higher than 50 km/h and no greater
than{120 km/h.

R4: The system\shall generate an error message for invalid speeds outside the range from 0 km/h to
220 km/h.

B.2.12.5 Identify test coverage items (TD2)

The test coverage items are the individual atomic requirements:

R1,R2, R3 and R4.

B.2.12.6 Derive test cases (TD3)

Test cases can now be derived to cover the atomic requirements. See Table B.50.
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Table B.50 — Test cases for requirements-based testing

(test coverage item)

Test case 1 2 3 4
Input (speed) 33 km/h 174 km/h 81 km/h 222 km/h
Expected output (spoiler position) low high medium error message
Requirement exercised

R1 R2 R3 R4

B.2.12.7 Requirements-based testing coverage

Using the definitions for calculating requirements-based test coverage provided in 6.2.12.and the test

coverage items derived above:

4
Crequirements :ZX]-OO %=100%
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Annex C
(informative)

Guidelines and examples for the application of structure-based

C1

C.1.

test design techniques

Guidelines and examples for structure-based testing

1 Overview

This|annex provides guidance and examples on the structure-based test design techniques described
in 5.8 and 6.3. Each example follows the test design and implementation process that/s defined in 1ISO/
IEC/]EEE 29119-2. A variety of applications and programming languages are used in these examples.
Althgugh each example is applied in a structure-based testing context, as stated/in 5.1, in practice most
of the techniques defined in this document can be used interchangeably.

C.2

C.2.

Structure-based test design technique examples

1 Statement testing

C.2.1.1 General

The
test

him of statement testing is to derive a set of test.cases that cover the executable statements of the
em according to a chosen level of statement coverage.

The fwo main questions to consider are:

Ing
not

hat is a statement?
hich statements are executable?

eral, a statement should be'an atomic action; that is a statement should be executed completely or
all. For instance:

IF a THEN b ENDIE

is copsidered as more'than one statement since b may or may not be executed depending upon the
condiition a. The definition of statement used for statement testing need not be the one used in the
langhiage definition:

Statdments which are associated with machine code are typically regarded as executable. For instance,
all of the following are regarded as executable:

sslignments;

loops and selections;
procedure and function calls;
variable declarations with explicit initializations;

dynamic allocation of variable storage on a heap.

However, most other variable declarations can be regarded as non-executable. Consider the following
code:
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c;

}
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Any test case with b TRUE will achieve full statement coverage. Thus full statement coverage can be

achieved without exercising with b FALSE.

C.2.1.2 Test basis

Consider the following test item in the Ada programming language, which is designed to categprise

positive integers into prime and non-prime, and to give factors for those which are non-prime:

1 READ (Num) ;

2 WHILE NOT End of File DO
3 Prime := TRUE;

4 FOR Factor :

5

6 WRITE (Factor,
7 Prime := FALSE;
8 ENDIF;

9 ENDFOR;

10 IF Prime = TRUE THEN
11 WRITE (Num, °~ is prime');
12 ENDIF;

13 READ (Num) ;

14 ENDWHILE;

15 WRITE ( End of prime number program');

C.2.1.3 Create test model (TD1)

= 2 TO Num DIV 2 DO
IF Num - (Num DIV Factor) *Factor
( " is a factor of',

The test model in statement testing is the source ¢ode, showing the executable statements in the cpde.

C.2.1.4 Identify test coverage items (TD2)

The test coverage items in statement testing are the individual executable statements; these are shown

below by their line numbers in the souyce code.

TCOVER1: Statement 1
TCOVERZ2: Statement-2
TCOVER3 Statement 3
TCOVER4: Statement 4
TCOVERS: Statement 5
TCOVERG6: Statement 6
TCOVER?Y: Statement 7

TCOVERS: Statement 10

TCOVER9: Statement 11
TCOVER10: Statement 13

TCOVER11: Statement 15

C.2.1.5 Derive test cases (TD3)

In statement testing, each statement must be covered by at least one test case. Test cases are derived
by first identifying sub-paths through the code that execute one or more executable statements that

© ISO/IEC 2021 - All rights reserved
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not yet been covered by a test case. The inputs to execute the sub-path are then identified, along
the expected result. This process is repeated until the required level of test coverage is achieved.

In this particular example, only one test case is required to cover all statements in the code, because the
iteration in the code allows all statements to be covered by just two input values. See Table C.1.

Table C.1 — Test cases for statement testing

Test case Input Expected result Test coverage items (statements)
1 2 2 is prime 1,2,3,4,9,10,11,12,13, 14
4 2 is a factor of 4 2,3,4,56,7,8,9,10,12,13, 14
EOF End of prime number program 2,15
NOTH In this example, there is one test case, but three separate sets of input values and expected.results, as

there

C.2.1

is an iteration included in the code.

.6 Statement testing coverage

Using the definitions provided in 6.3.1 and the test coverage items derived above:

o

Thus

C.2.7

C.2.2

Bran
cove
same

C.2.2

1

4

The

11

ﬁamnwnf:IIX10096:10096

, 100 % coverage of test coverage items for statement testing has'been achieved.
. Branch/decision testing

.1 General

ch and decision coverage are closely related. For test items with one entry point 100 %, branch
rage is equivalent to 100 % decision coverage, although lower levels of coverage may not be the
. Both levels of coverage will be illustrated with one example.

.2 Test basis

The component shall determine ‘the position of a word in a table of words ordered alphabetically.

Apart from the word and table, the component shall also be passed the number of words in the
able to be searched. The component shall return the position of the word in the table (starting at

1ero) if it is found, otherwise it shall return “-1”.

orresponding cod€isdrawn from Kernighan and Richie, 1998. The three decisions are highlighted:

ht binsearch(ehar *word, struct key tab[], int n) {
int cond;
int low,\Jhigh, mid;
low =407

hight=n - 1;
whriWe (low <= high) {
mid = (low+high) / 2;

if ((cond = strcmp(word, tablmidl.word)) < 0)

}

high = mid - 1;
else 1if (cond > 0)
low = mid + 1;
else
return mid;
}

return -1;

C.2.2.3 C(reate test model (TD1)

The creation of the test model for branch/decision testing may be demonstrated by creating a control

flow

104

graph of the program. The first step to constructing a control flow graph is to divide the code
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into basic blocks. These are sequences of instructions with no branches into the block (except to the
beginning of the code) and no branches out of the block (except at the end of the code). The statements
within each basic block will be executed together or not at all. The program above has the following
basic blocks:

int binsearch (char *word, struct key tab[], int n) {
int cond;
int low, high, mid;

B1 low = 0;
high = n - 17
B2 while (low <= high) {
B3 mid = (low+high) / 2
if ((cond = strcmp (word, tab[mid].word)) < 0)

B4 high = mid - 1;
B5 else 1if (cond > 0)
Bo6 low = mid + 1;
B7 else

return mid;
B8 }
B9 return -1;

}
A control flow graph may be constructed by making each basic block a node'and drawing an arc for|each
possible transfer of control from one basic block to another. These aréthe possible transfers of corjtrol:

B1 - B2 B3 — B4 B5 — B6 B6 —» B8
B2 - B3 B3 - B5 B5 — B7 B8 — B2
B2 - B9 B4 — B8

This results in the graph presented in Figure C.1. The.graph has one entry point, B1, and two exit pgints,
B7 and B9.

()2 () () ()

Figure C.1 — Control flow graph for binsearch

The_ control flow graph would not necessarily be constructed by hand, but a tool would normally be
used to show which decisions/branches have been executed.

C.2.2.4 Identify test coverage items (TD2)

C.2.2.4.1 Options for identification of test coverage items

The test coverage items for branch coverage will be different from those for decision coverage. This is
demonstrated by options a and b specified in C.2.2.4.2 and C.2.2.4.3.
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C.2.2.4.2 Option a: identify test coverage items for branch coverage

For branch coverage, the test coverage items are the branches in the control flow graph. In this example
there are ten test coverage items for branch coverage, as follows:

BRANCH-TCOVERT1: Bl - B2

BRANCH-TCOVERZ: B2 - B3

BRANCH-TCOVER3: B2 — B9
BRANCH-TCOVER4: B3 —» B4
BRANCH-TCOVERS: B3 - B5
BRANCH-TCOVERG: B4 — B8
BRANCH-TCOVER?7: B5 - B6
BRANCH-TCOVERS: B5 - B7
BRANCH-TCOVERGO: B6 — B8

BRANCH-TCOVER10: B8 — B2

C.2.2.4.3 Option b: identify test coverage items for decisiomcCoverage

For decision coverage, the outcomes (i.e. true, false) of each.decision are the test coverage items. In this
exanpple, each decision has two outcomes corresponding té the true and false values of the decisions;
ther¢fore, there are six test coverage items, as follows:

PECISION-TCOVER1: B2 =true
PECISION-TCOVERZ: B2 =false
DECISION-TCOVER3: B3 =true
DECISION-TCOVER4: B3 =false
DECISION-TCOVERS5:  B5.=true

DECISION-TCOVERG6: B5 = false

exercise those sub- paths determlnmg the expected result of each test and repeatlng until the requlred
level of test coverage is achieved. Similarly, test cases for decision testing are derived by identifying
control flow sub-paths that reach decisions that have not been exercised and determining the inputs
and expected outputs for each test. For both branch coverage and decision coverage, any individual test
of the test item will exercise a sub-path and hence potentially many decisions and branches.

Consider a test case which executes the sub-path B1 -> B2 -> B9. This case arises when n = 0, that is,
when the table being searched has no entries. This sub-path executes one decision (B2 -> B9) outcome
and hence provides 1/6 = 16.7 % decision coverage. The path executes 2 out of the 10 branches, giving
20 % branch coverage (which is not the same as the decision coverage).
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Consider now a test case which executes the sub-path:
B1-B2-B3-B4—-B8—-B2—-B3-B5-B6—B8—B2—>B3—-B5-B7

This sub-path arises when the search first observes that the entry is in the first half of the table, then
the second half of that (i.e., 2nd quarter) and then finds the entry. Note that the two test cases provide
100 % decision and branch coverage.

These test cases are shown in Table C.2.

Table C.2 — Test cases for binsearch

Test Inputs Decisions exercised Test coverage items Expedted
case | word Tab n (underlined) resylt
1 chas Alf 7 B1 —» B2 —» B3 » B4 — B8 BRANCH-TCOVER 2

Bert ];3%13—;%8—)3%;58_)6]3—; 1,2,4,5,6,7,8,9, 10,and
Chas e DECISION-TCOVER/Y, 3,4, 5,6
Dick
Eddy
Fred
Geoff
2 chas | ‘empty | 0 B1 - B2 —» B9 BRANCH-TCOVER 1, 3 and -1
table’ DECISION-TCOVER 2

Branch and decision coverage are both normally fmeasured using a software tool.

C.2.2.6 Branch testing coverage

Using the definitions provided in 6.3.2 and the test coverage items derived above:
10
Chranch =—%100%=100 %
10
Thus, 100 % coverage of test coverage items for branch testing has been achieved.

C.2.2.7 Decision testing coverage

Using the definitionis provided in 6.3.3 and the test coverage items derived above:
6
Cdecision :gX:lOO %=100%

Thus;-100 % coverage of test coverage items for decision testing has been achieved.

C.2.3 Branch condition testing, branch condition combination testing and modified

condition/decision coverage (MCDC) testing

C.2.3.1 General

Branch condition testing, branch condition combination testing, and modified condition/decision
coverage testing are closely related, as are the associated coverage measures. The aim of these three
test design techniques is to derive a set of test cases that cover the conditions within decisions of
the test item according to a chosen level of coverage. For convenience, these test case design and test
coverage measurement approaches are demonstrated using one example.
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C.2.3.2 Test basis

Consider the following fragment of code:

if A or (B and C) then
do something;
else
do something else;
end if;

I I Il 3] b axaca ccloa
v, » v,

comprised of complex expressions involving relational operators. For example, the Boolean condition A
be an expression such as X 2 Y. However, for the sake of clarity, the following examples regard. A,\B
and € as simple Boolean conditions.

C.2.3.3 Create test model (TD1)

In thiese three test design techniques, the set of decisions in the source code is the testimodel. In this
exanpple, there is one decision that needs to be covered:

A or (B and C)

This|is applicable to branch condition testing, branch condition combinatieh testing, and modified
condfition/decision coverage testing.

C.2.3.4 Branch condition testing

C.2.3.4.1 Identify test coverage items (TD2)

Branlch condition testing examines the individual conditions within multi-condition decisions, with
the g4im that each individual condition and each decision takes on both true and false values. The test
covefage items are the Boolean values (true/false) ofithe conditions within decisions and the decision
outcpmes. In this example, this technique would-require Boolean condition A to be evaluated both
TRUE and FALSE, Boolean condition B to be evaltuiated both TRUE and FALSE and Boolean condition C
to bg evaluated both TRUE and FALSE plus, the decision outcomes to be evaluated both true and false.
Therefore, the test coverage items for this/technique are:

TCOVER1: A =TRUE
TCOVERZ: A= FALSE
TCOVER3 B =TRUE
TCOVER4: B = FALSE
TCOVERS: C=TRUE
TCOVER®6: C=FALSE

TCOVER?7: Aor (BandC) =TRUE

TCOVERS: Aor (Band C) = FALSE

C.2.3.4.2 Derive test cases (TD3)

Branch condition coverage test cases are derived by identifying control flow sub-paths that reach one
or more test coverage items that have not yet been executed during testing, determining the inputs that
will execute those sub-paths and the expected result of the test and repeating until all the required
coverage is achieved. In this example, this can be achieved with the set of test inputs shown in Table C.3
(note that there are alternative sets of test inputs which will also achieve full branch condition
coverage):
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Table C.3 — Test cases for branch condition testing

Test case A B C Aor (Band(C) Test coverage items
FALSE FALSE FALSE FALSE TCOVER 2,4, 6
2 TRUE TRUE TRUE TRUE TCOVER1, 3,5
NOTE The test cases contained in Table C.3 are not “complete” in that they do not include expected results.

Branchcomdition coverage car of terr be actieved with just two teSt TasesS, ITTESPeCtive of the T
actual Boolean conditions comprising the overall condition.

C.2.3.4.3 Branch condition testing coverage

Using the definitions provided in 6.3.4 and the test coverage items derived above:

g><100 %=100%

Cbranch_condition =
Thus, 100 % coverage of test coverage items for branch condition testing has been achieved.

C.2.3.5 Branch condition combination testing

C.2.3.5.1 Identify test coverage items (TD2)

er of

In branch condition combination testing, the test coveragejitems are the unique combinations of Boctj)lean

values of conditions within decisions. In this example,this technique would require all combinati
Boolean conditions A, B and C to be evaluated. Therefore, the test coverage items for this techniqusg

TCOVERT1: A =FALSE, B = FALSE; C=FALSE
TCOVERZ: A =TRUE, B = FAESE, C=FALSE
TCOVERS3: A =FALSE, B.=TRUE, C=FALSE
TCOVER4: A =TRUE, B =TRUE, C=FALSE
TCOVERS: A = FAISE; B = FALSE, C=TRUE
TCOVER®6: A £ TRUE, B = FALSE, C=TRUE
TCOVER?7: A= FALSE, B = TRUE, C=TRUE

TCOVERS; A =TRUE, B = TRUE, C=TRUE

C.2.3,5.2" Derive test cases (TD3)

Testcases are derived by identifying control flow sub-paths that reach one or more test coverage i
that have not yet been executed during testing, determining the inputs that will execute those

ns of
are:

tems
sub-

pathsand the expected Tesult of the testand repeating umtit the Tequired coverage 15 aciieved: 1
example, this can be achieved by deriving the test cases shown in Table C.4.

Table C.4 — Test cases for branch condition combination testing

Test case A B C Test coverage items
1 FALSE FALSE FALSE TCOVER1
2 TRUE FALSE FALSE TCOVER2
3 FALSE TRUE FALSE TCOVER3
4 TRUE TRUE FALSE TCOVER4
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Table C.4 (continued)
Test case A B C Test coverage items
5 FALSE FALSE TRUE TCOVERS5
6 TRUE FALSE TRUE TCOVER6
7 ALSE TRUE TRUE TCOVER7
8 TRUE TRUE TRUE TCOVERS8
NOTH The test cases contained in Table C.4 are not “complete” in that they do not include expected results,

Branfch condition combination coverage is very thorough, requiring 2" test cases to achieve 100 %
coverage of a condition containing n Boolean conditions. This rapidly becomes unachievable in practice
for cpmplex conditions.

C.2.3.5.3 Branch condition combination testing coverage

Using the definitions provided in 6.3.5 and the test coverage items derived above:

o

%xlOO %=100%

branch_condition_combination —

Thug, 100 % coverage of test coverage items for branch condition“Combination testing has been
achigved.

C.2.3.6 Modified condition/decision coverage testing

C.2.3.6.1 General

Modified condition/decision coverage (MCDC) testingis a pragmatic compromise which requires fewer
test ¢ases than branch condition combination coyerage. It is widely used in the development of avionics
software, as required by RTCA/DO-178C and automotive software, as required by ISO 26262 (all parts).
testing requires test cases to show that each Boolean condition (A, B and C) can independently
the outcome of the decision. This_is less than all the combinations (as required by branch
condiition combination coverage).

C.2.3.6.2 Identify test coveragé.items (TD2)

In modified condition/deci§ign coverage (MCDC) testing, the test coverage items are the unique
combinations of individualyBoolean values of conditions within decisions that allow a single Boolean
condjfition to independently affect the outcome.

For the example degision condition [A or (B and C)], this leads to a pair of test coverage items,
whete changing the state of A will change the outcome, but B and C remain constant, i.e. that A can
independently affect the outcome of the condition, as follows:

COVER1: A=FALSE, B = FALSE, C=TRUE OUTCOME = FALSE

IF'COVERZ: A =TKRUE, B = FALSE, C=TRUE OUTCOME = TRUE

Similarly for B, a pair of test cases which show that B can independently affect the outcome are required,
with A and C remaining constant:

TCOVER3: A =FALSE, B=FALSE, C=TRUE OUTCOME = FALSE
TCOVER4: A =FALSE, B = TRUE, C=TRUE OUTCOME = TRUE
Finally for C, a pair of test cases which show that C can independently affect the outcome are required,

with A and B remaining constant:
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