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Foreword

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

Commission) form the specialized system for worldwide standardization. National bodies

that are

members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.

The procedures used to develop this document and those intended for its further mainten
d¢scribed in the ISO/IEC Directives, Part 1. In particular, the different approval eritéri
for the different types of ISO/IEC documents should be noted. This document was d

ance are
i needed
rafted in
ctives or

adcordance with the rules given in the ISO/IEC Directives, Part 2 (see www.isg.org/dire
w.iec.ch/members_experts/refdocs).

IHEE Standards documents are developed within the IEEE Societies and the Standards Coo
Committees of the IEEE Standards Association (IEEE-SA) Standards _Beard. The IEEE dey
standards through a consensus development process, approved by the ‘American National §
Infstitute, which brings together volunteers representing varied viewpoints and interests to ad
fipal product. Volunteers are not necessarily members of the Instituté and serve without comp
hile the IEEE administers the process and establishes rules\to promote fairness in the c
d¢velopment process, the IEEE does not independently evaluate, test, or verify the accuracy
the information contained in its standards.

Agtention is drawn to the possibility that some of the elements of this document may be th
off patent rights. ISO and IEC shall not be held-esponsible for identifying any or all sugq
rights. Details of any patent rights identified during the development of the document will
Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents)
ligt of patent declarations received (see https://patents.iec.c).

Any trade name used in this documentis information given for the convenience of users and
cqnstitute an endorsement.

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

[SO/IEC/IEEE 291194 was prepared by Joint Technical Committee ISO/IEC JTC 1, Inf
Tachnology, Subcommittee SC 7, Software and systems engineering, in cooperation with the Sys

DevelopmentOrganization cooperation agreement between ISO and IEEE.

This second edition cancels and replaces the first edition (ISO/IEC/IEEE 29119-4:2015), which
techhically revised.

rdinating
elops its
tandards
hieve the
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ormation
tems and

Software Engineering Standards Committee of the IEEE Computer Society, under the Partner Standards

has 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 de

sign 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.
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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

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

does 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
British standard, BS 7925-2. Annex G provides a mapping from the requirements of BS 7925-2 to the

clauses and subclauses of this document.

The test design techniques presented in this document can be used to derive test cases that, when
ejecuted, generate evidence that test item requirements have been met or that defects‘are gresent in
a test item (i.e. that requirements have not been met). Risk-based testing can be used. to‘deteimine the

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

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

1SO/IEC/

EXAMPLE1  “Test items” include systems, software items, objects, classes,fequirements documerlts, design

sgecifications, and user guides.

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

Of the activities in this process, this document provides¢gtiidance on how to implement the
adtivities in detail for each technique that is described:

— create test model (TD1);
— identify test coverage items (TD2);
— derive test cases (TD3).

Altest model represents testable aspects of a test item, such as a function, transaction, featur
aftribute, or structural element identified as a basis for testing. The test model reflects the
teist completion criterion in the tést strategy.

EXAMPLE 2 If a test completion criterion for state transition testing was identified that required c
al] states then the test modél would show the states the test item can be in.

Tgst coverage items<are attributes of the test model that can be covered during testing. A s
mjodel will typically be the basis for several test coverage items.

Altest case is@a-set of preconditions, inputs (including actions, where applicable), and expecte
d¢veloped-tq determine whether or not the covered part of the test item has been imp
cqrrectly:

Specific (normative) guidance on how to implement the create test procedures activity (TD4) i

[EC/IEEE

following

e, quality
required

bverage of

ngle test

d results,
emented

n the test

TSI Titor Tt protireitact ot P

the process is the same for all techniques.
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Create
@ ——>| testmodel
(TD1) Test model
WV
Identify test
coverage items .
(TD2) Test coverage items
WV
Derive
test cases
(TD3) Test cases
WV Test
Create procedures
test procedures
(TD4)

ISO/IEC ]
to identi
example
IEC 2501

Experience-based testing practices like exploratofy testing and other test practices such as modg¢

based te
designin
defined i

Templatg
in ISO/IH
test case
descripti
test case

This dociment aims taprovide stakeholders with the ability to design test cases for software testing

any orga

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

mappings of test design techniques that apply totesting quality characteristics defined in IS
D.

ting are not defined in this document because this document only describes techniques fi
b test cases. Test practices such asyexploratory testing, which can use the test techniqu
h this document, are described in-ISO/IEC/IEEE 29119-1.

s and examples of test docunientation that are produced during the testing process are defing
C/IEEE 29119-3. The test:techniques in this document do not describe how to docume
5 (e.g. they do not include information or guidance on assigning unique identifiers, test ca
pns, priorities, traceability or pre-conditions to test cases). Information on how to docume
5 can be found in {SO/IEC/IEEE 29119-3.

hization.

P5010 defines eight quality characteristics (including fanctional suitability) that can be us¢
[y types of testing that may be applicable for testing a specific test item. Annex A providg

&N
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-
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|
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INTERNATIONAL STANDARD

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

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 and implementation
pttocess that is defined in ISO/IEC/IEEE 29119-2.

Edqch technique follows the test design and implementation process that isdefined in ISO/
29119-2 and shown in Figure 1. This document is intended for, but not limited to, testers, test managers,
and developers, particularly those responsible for managing and implementing software testi

2
Tl
cq

IS

3
F(
IS

N
IE
V(g

3

a

Normative references

ne following documents are referred to in the text in sucli a‘way that some or all of thei
nstitutes requirements of this document. For dated references, only the edition cited ap

updated references, the latest edition of the referenced dgcument (including any amendments

0/1EC/IEEE 29119-2, Software and systems engineering — Software testing — Part 2: Test prq

Terms and definitions
r the purposes of this document, the follewing terms and definitions apply.
0, [EC and IEEE maintain terminolegy databases for use in standardization at the following a

[SO Online browsing platforin: 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

[EC/IEEE

hg.

I content
blies. For
applies.

cesses

Hdresses:

Jsp

DTE For additienal terms and definitions in the field of systems and software engineering, seq
EE 24765, which'is published periodically as a “snapshot” of the SEVOCAB (Systems and software E1f
cabulary) database and is publicly accessible at https://www.computer.org/sevocab.

B
f

ckus;Naur Form
thal meta-language used for defining the syntax of a language in a textual format

ISO/IEC/
gineering

3.

2

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 equivalence
partitions (3.28)

©
©
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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 conditi

3.5

ons (3.13) within a decision

branch condition testing
structure-based test case (3.49) design technique based on exercising Boolean values of the conditions
(3.13) within decisions and the decision outcomes (3.21)

3.6

branch t
structurg
(3.14) of

3.7
c-use
computd
use of thq

3.8

cause-ef
graphica
conditior

3.9

cause-ef]
specifica
effect gra

3.10

esting
-based test case (3.49) design technique based on exercising branches in the controlfld
the test item (3.52)

tion data use
 value of a variable in any type of statement

fect graph
representation of decision rules (3.22) between causes\(inputs described as Booleg
s) and effects (outputs described as Boolean expressions)

fect graphing
Fion-based test case (3.49) design technique based‘on ‘exercising decision rules (3.22) in a caus
ph (3.8)

hierarch

classifica{tion tree

classific

3.11

ions (relevant test aspects) and clagses (input values)

classification tree method

specifica
(3.10)

3.12

fion-based test case (3.49):design technique based on exercising classes in a classification trj

combinatorial test desigh'techniques

class of s
pairs (3.3

EXAMPLE

3.13

pecification-based test case (3.49) design techniques based on exercising combinations of A
8)

All:combinations testing (3.57), pair-wise testing, each choice testing, base choice testing

cal tree model of the input data to a program in which the inputs are represented by distinct

w

hn

<

conditio

Boolean 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 reserv
© IEEE 2021 - All rights reserv
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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
value defined in the data definition

data definition p-use pair
dqta definition (3.16) and subsequent predicate data use (3.37), where the data use (3.20)\uses the value
dé¢fined in the data definition

clhss of structure-based test case (3.49) design techniques based on exercising definition-use pairs (3.26)

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

cqmbination of conditions (3.13) (also known as causes) and actions (also known as effects) that produce

decision table
tabular representation of de¢ision rules (3.22) between causes (inputs described as Boolean donditions
(3.13)) and effects (outputsydescribed as Boolean expressions)

324

de¢cision table testing
specification-based test case (3.49) design technique based on exercising decision rules (3.22) in a
ddcision table(3.23)

325

decision testing
stirdeture-based test case (3.49) design technique based on exercising decision outcomes (3.21) in the
comtrotffow {314 of thetestiten (3523

3.26

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 po

int

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

equivalence partition
equivalclr.cc elass

class of i

3.29

puts or outputs that are expected to be treated similarly by the test item (3.52)

equivalgnce partitioning

specifica

3.30

fion-based test case (3.49) design technique based on exercising equivalence pantitions (3.28]

executable statement

statemen
when thd

3.31
exit poin
last exect

Note 1 to ¢
within thd
commonly

3.32

t which, when compiled, is translated into object code, which will béexecuted procedural
test item (3.52) is running and may perform an action on program\data

t
table statement (3.30) within a test item (3.52)

ntry: An exit pointis a terminal point of a path (3.39) through'a testitem, being an executable stateme
test item which either terminates the test item or returns control to an external process. This is md
r the last executable statement within the test item.

expected result

observab
specifica

3.33
experier
class of t¢

EXAMPLE

Note 1 to
taxonomi

3.34
metamo
descripti

[ion or another source

jce-based testing
st case (3.49) design techniques based on using the experience of testers to generate test cas

Error guessing.

entry: Experience-based testing (3.57) can include concepts such as test attacks, tours, and err]
bs which target potential problems such as security, performance, and other quality areas.

'phic relation

le predicted behaviour of the test item(3.52) under specified conditions (3.13) based on its

bn of hew changes to the test inputs for a test case (3.49) affect the expected outputs based ¢n

ly

st

or

the requilred behaviour 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

© ISO/IEC 2021 - All rights reserv
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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
parameter-value pair
combination of a test item (3.52) parameter with a value assigned to that parameter, used as a test
cqverage item in combinatorial test design techniques (3.12)

339
path
sqquence of executable statements (3.30) of a test item (3.52)

340
predicate
logical expression which evaluates to TRUE or FALSE to direct the executien path (3.39) in code

341

rgndom testing
specification-based test case (3.49) design technique based\en” generating test cases to|exercise
rdgndomly selected test item (3.52) inputs

342
rgéquirements-based testing
specification-based test case (3.49) design technique based on exercising atomic requirements

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

343

sdenario testing
specification-based test case (3.49) design technique based on exercising sequences of intpractions
bgtween the test item (3.52) and other systems

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

344
stiate transition testing
specification-based test case (3.49) design technique based on exercising transitions in a statg model

EXAMPLE Example state models are state transition diagram and state table.

345
s&z}tement testing

structure-based test case (3.49) design technique based on exercising executable statements|(3.30) in
the source code of the test item (3 52)

3.47
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
(3.52) to meet test objectives (3.55)

Note 1 to FATTyT A TEST Case 15 The IOWeST [eVel Of TeST IMplementation doCUMentation (1.6. teST Cases are not maple
up of test rases) for the test level (3.53) or test type (3.56) for which it is intended.

Note 2 to pntry: Test case preconditions include the required state of the test environment, data (e.g. databasg
used by the test item, and the test item itself.

2]

)

Note 3 to ¢ntry: Inputs are the data information and actions, where applicable, used to drive test. execution (3.51).

3.50
test condlition
testable aspect of a component or system, such as a function, transaction, feature, quality attribute, pr
structurgl element identified as a basis for testing (3.57)

Note 1 to pntry: ISO/IEC/IEEE 29119 (all parts) does not use the concept of-test conditions, but instead uses the
concept of a test model (3.54) for test design. See Annex H for an explanation.

3.51
test exeqution
process df running a test (3.48) on the test item (3.52), preducing actual results

3.52

test iten
test objeg¢t
work product to be tested

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

3.53
testleve|
one of a sequence of test stages, eéa¢h of which is typically associated with the achievement of particulpar
objectives and used to treat particular risks

EXAMPLE The following/are common test levels, listed sequentially: unit/component testing (3.57),
integration testing, systenrtesting, system integration testing, acceptance testing.

Note 1 to pntry: It isaot always necessary for a test item (3.52) to be tested at all test levels, but the sequence|of
test levelg generally-stays the same.

Note 2 to[entry: Typical objectives can include consideration of basic functionality for unit/component testing,
interaction_bétween integrated components for integration testing, acceptability to end users for acceptanice
testing

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
rdason for performing testing (3.57)

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

356
tgst type
testing (3.57) that is focused on specific quality characteristics

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

Note 1 to entry: A test type can be performed at a single test level (3.58).0r across several test levels (e.g.
pdrformance testing performed at a unit test level and at a system test level).

357
tasting
sqt of activities conducted to facilitate discovery and evaluation of properties of test items (3.32)

Note 1 to entry: Testing activities include planning, preparation, execution, reporting, and managementfactivities,
inpofar 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 garticular
ptojects or organizations will not need to use all of the techniques defined by this dpcument.
Implementation of ISO/IEC/IEEE 29119-2 involves using a risk-based approach to select a pubset of
techniques suitable for algiven project or organization. There are two ways that an organigation or
inldividual can claim eonformance to the provisions of this document - full conformance and tailored
cqnformance.

The organizatign'shall assert whether it is claiming full or tailored conformance to this docunjent.
412 Full conformance

Full.conformance is achieved by demonstrating that all of the requirements (i.e. ‘shall’ statements) of
tqe chosen (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 Ov

erview

This document defines test design techniques for specification-based testing (5.2), structure-based

testing (

5.3) and experience-based testing (5.4). In specification-based testing, the test basis (e

requireni
test case
a model)
the know
case des
the test

Although
based or

can be applied to the specification of the graphical user interface of a(web-based system). This
Fated in Annex E. In addition, although each technique is defineddindependently of all others, jin

demonst
practice

EXAMPLE
input pard

is used as the primary source of information to design test cases. In experience-based|testin
ledge and experience of the tester is used as the primary source of information during te
gn. For specification-based testing, structure-based testing and experience:based testin

some can be used in combination with other techniques.

The test coverage items derived by applying equivalence partitioning can be used to identify t
meters of test cases derived for scenario testing.

This doc

of technigues are also known as "black-box testing" and "white-box testing" (or "clear-box testing
respectively. The terms “black-box” and “white-box%xefer to the visibility of the internal structure
the test ifem. In black-box testing the internal strugeture of the test item is not visible (hence the bla
box), whé¢reas for white-box testing the internalsstructure of the test item is visible. When a techniq

is applie
this is off

This doc
model), 1
(see Intr

the techniiques that describe how each technique should be used in all situations. Annex B, Annex

Annex D

ment uses the terms specification-based testing-and structure-based testing; these categori

while utilising a combination of knéwledge from the test item’s specification and structut
en called "grey-box testing".

hment defines how the generic.test design and implementation process steps TD1(create t¢
'D2 (identify test coverage items), and TD3 (derive test cases) from ISO/IEC/IEEE 29119
pduction) shall be used(by-each technique. It does not provide context-specific definitions

ents, specifications, models or user needs) is used as the main source of information to design
5. In structure-based testing, the structure of the test item (e.g. source code or the strugeture jof

basis is used to generate the expected results. These classes of test desigi“techniques afe
complemlentary, and their combined application typically results in more effective tésting.

the techniques presented in this document are classified as specification-based, structurje-
experience-based, in practice some of them can be used interchangéably (e.g. branch testing

g.

g
st

g

is

bS
")
of
rk
e
€,

st
-2
of
C,

hnd Annex E provideidetailed examples that demonstrate how to apply the techniques.

The tech

exhaustiye. There are-useful techniques that are used by testing practitioners or researchers that a

not inclu

hiques that are.defined this document are shown in Figure 2. This set of techniques is n

Hed in this‘document.

e
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Test design techniques presented
in ISO/IEC/IEEE 29119-4
1
1 1 1
Specification-based Specification-based ( Experience-based
[ techniques ] [ techniques ] techniques ]
(5.2) (5.3) L (5.4)
N\ N\
Equivalence partitioning Statement testing Error guessing
(5.2.1) (5.3.1) (5.4.1)
7 J
N\ N\
Classification tree method Branch testing

(5.2.2) 5.3.2]

Decision testing
(5.3.3)

Boundary value analysis
(5.2.3)

Branch condition testing
(5.3.4)

Syntax testing
(5.2.4)

Branch condition
combination testing
(5.3.5) )

Combinatorial
test design techniques
(5.2.5) J

Jl EN g

j U H N N h

. ] h Modified condition decision )
All combinations testing .
(5.2.5.3) coverage testing
T (5.3.6) )
N\ )
Pair-wise testing Data flow testing
(5.2.5.4) (5.3.7)
7
N\ 4
Each choice testing All*définitions testing
(5.2.5.5) (5.3.7.2)
7 .
N\ { N\
Base choice testing All-c-uses testing
(5.2.5.6) (5.3.7.3)
7 . 7
' N ' N
- Decision table testing All-p-uses testing
(5.2.6) (5.3.7.4)
7 . 7
N\ { N\
- Cause-effect graphing All-uses testing
(5.2.7) (5.3.7.5)
4 . 7
\ { N\
- State transition testing All-du-paths testing
(5.2.8) (5.3.7.6)
7 . 7

Scenarjo, testing
(5.29)

.
N
Random testing
(5.2.10)
7
_[ ]

Metamorphic testing
(5.2.11)

N
Requirement-based testing
(5.2.12)
7

Figure 2 — The set of test design techniques presented in this document

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.

EXAMPLE 2  Both equivalence partitioning and boundary value analysis are based on equivalence classes.

In the tegt case design activity [TD3) of each technique, test cases that are created may be "valid”, (]e.
they confain input values that the test item should accept as correct) or “invalid” (i.e. they contain fat
least ong input value that the test item should reject as incorrect, ideally with an appropriate’errpr
message). In some techniques, such as equivalence partitioning and boundary value analysis, invallid
test casep are usually derived using the “one-to-one” approach as it avoids fault maskingby ensuring
that eacl] test case only includes one invalid input value, while valid test cases are typically derived
using thq “minimized” approach, as this reduces the number of test cases required.to cover valid test
coveragelitems (see 5.2.1.4 and 5.2.3.3).

NOTE “Valid” test cases are also known as “positive” test cases. Invalid cases ate also known as “negativle
test cases

]

Although the techniques defined in this document are each described'in’a separate clause (as if they
were mutually exclusive), in practice they can be applied in a blended.way.

EXAMPLH3  Boundary value analysis can be used to select test input.values, after which pair-wise testing can
be used tq design complete test cases from the test input values. Similarly, equivalence partitioning can be usged
to select the classifications and classes for the classification treg ‘method and then each choice testing can pe
used to cdnstruct test cases from the classes.

The techhiques presented in this document can alse*be used in conjunction with the test types thiat
are presénted in Annex A. For example, equivalence partitioning can be used to identify user groups
and then|representative users (test coverage items) from those groups to create test cases for usability
testing.

The definitions of the techniques are provided in Clause 5. The corresponding coverage measures
for each fechnique are presented in.Clause 6. These are supported by examples of each technique [in
Annexes|B, C, D and E. Although theexamples of each technique demonstrate manual application of the
techniqug, in practice, automation can be used to support some types of test design and execution.

EXAMPLH4  Statement coverage analysers can be used to support structure-based testing.

Annex A provides examplés of how the test design techniques defined in this document can be appli¢d
to testing the non-functional quality characteristics defined in ISO/IEC 25010.

5.2 Specification-based test design techniques

5.2.1 Hquivalence partitioning

5.2.1.1 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
and invalid outputs) and valid and invalid inputs to the test item. In this context, invalid functions are
those that are not included in the specification and which cannot reasonably be expected to be included
IN[a COTTE Mplementation of the te eI, Simitarty, Imvatid imputs are those that snoutd geither be
ored by the test item or cause the test item to output an error message.

guivalence partitions for a test item can overlap, and in some situations, one partition ¢an bg¢ a subset
off another partition. By adding detail to the test model, further equivalence partitions can|often be

EXAMPLE For a test item expecting lowercase alphabetical characters,as (valid) inputs, invplid input
pdrtitions can be derived containing integers, reals, uppercase alphabetical\characters, symbols and control
cHaracters, depending on the level of rigour required during testing. If eaeh.of these partitions wer¢ included
gparately in the model, each would be expected to be exercised to achieve full coverage, whereas ff a single
pdrtition was created to cover all invalid inputs, then only a single partition would need to be exercised o achieve
fulll partition coverage.

NOPTE1 Invalid equivalence partitions that correspond tocinputs, functions or outputs that have not been
specified (as is often the case) are typically based on the expépience and imagination of the tester, whjch means
different testers will often derive different invalid partitiéns. This subjective form of test design can flso occur
when applying experience-based techniques like error.guessing.

NPTE2 Domain analysis (Beizer 1995[2]) is often ¢lassified as a combination of equivalence partitioning and
bqundary value analysis.

52.1.3 Identify test coverage items{TD2)

Edch equivalence partition shall beidentified as a test coverage item.

52.1.4 Derive test cases (TD3)

Tgst cases shall be derived to exercise the test coverage items (i.e. the equivalence partitipns). The
following steps shallsbe'used during test case derivation:

a)l Decide on an dpproach for selecting combinations of test coverage items to be exerciseld by test
cases. Twe-common approaches are (BS 7925-2; Myers 1979[19]):

1) ene-to-one, in which each test case is derived to cover a specific equivalence partitior;

2)~minimized, in which the minimum number of test cases is derived to cover each equivalence
partition at least once

NOTE Other approaches to selecting combinations of test coverage items to be exercised by 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
classified (even recursively) into sub-classifications and sub-classes, depending on the level of rigour
required inthe testing

NOTE The process of partitioning in the classification tree method is similar to equivalence partitioning.
The key djfference is that in the classification tree method, the partitions (which are classifications and elassads)
are completely disjoint, whereas in equivalence partitioning, they can overlap depending on how the technique|is
applied.

5.2.2.2 [Identify test coverage items (TD2)
There ar¢ two approaches for identifying test coverage items for classification trees:

— Wheh 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.

— Wheh the required test coverage is based on “maximality”, then-the test coverage items shall be
identified as unique combinations of the classes represented byfeaf nodes in the classification trge.

5.2.2.3 |Derive test cases (TD3)

Test casejs shall be derived to exercise the test coveragé.items. When deriving test cases, combinatiohs
of classe¢ are included in each test case.

NOTE The combinations of classes are often illustrated in a combination table (see Figure B.1).
The following steps shall be followed during®est case derivation:

a) Based on the selected coverage critérion, select a combination of classes for inclusion in the currept
test ¢ase that has not already been-covered by a test case.

b) Identify input values for any.classes that do not already have an assigned value in the current test
case

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

d) Repdat steps a)to:¢) until the required level of test coverage is achieved.

5.2.3 Boundary value analysis

5.2.3.1 LGreate-testmedel{FBH
Boundary value analysis shall use a model of the test item that partitions the inputs and outputs of the
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 bounda
equivalence partition This incremental distance shall he defined as the smallest Qigniﬁr‘nn‘r

the data type under consideration.

Fgr three-value boundary testing, three test coverage items shall be identified forfeach b
cqrresponding to values on the boundary and an incremental distance each side of the:bounds
equivalence partition. This incremental distance shall be defined as the smallest'significant
the data type under consideration.

NPTE1 Some partitions can have only a single boundary identified in the, test basis. For exd
nymerical partition “age = 70 years” has a specified lower boundary but not an/obvious upper boundar

ry of the
value for

oundary,
iry of the
value for

mple, the
y. In some

cdses, a boundary value imposed by the actual implementation can be us€d’as a boundary value, siich as the

lafgest value that is accepted by the input field (such decisions are ideally documented; for example,
syecification documentation).

NPTE 2 Two-value boundary value testing is typically adequate’ in most situations; however, tH
bqundary testing can be required for certain circumstances (e.gnfar rigorous testing to check that no e
mpde in determining the boundaries of variables in the test itetm by both testers and developers).

NOPTE3 In both two- and three-value boundary valu€ testing, contiguous partitions (partitions th

bqundary) will result in duplicate test coverage items,in“which case it is typical practice to only exer]
dyplicated values once. For an example of duplicate boundaries, see B.2.3.5.

5{2.3.3 Derive test cases (TD3)

Tgst cases shall be derived to exercisesthe test coverage items. The following steps shall be use
teist case derivation:

a)l] Decide on an approach for_selecting combinations of test coverage items to be exercise
cases. Two common approaches are (BS 7925-2; Myers 1979[121):

1) one-to-one, inwhich each test case is derived to exercise a specific test coverage item

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
are described in 5.2.5.

b) Select test coverage items for inclusion in the current test case based on the approach

n the test

ree-value
rors were

At share a
cise these

bd during

d by test

2) minimized, in which test coverage items are included in test cases such that the finimum

test cases

thosen in

step a)
I 7

c) Identify arbitrary valid values for any other input variables required by the test case that
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
diagrammatic format.

EXAMPLH
to a test it}

EXAMPLE

5.2.4.2

In syntaj
test covel
which te
items for
negative

The follo

a) Whe
prov,

EXANPLE1  For the input parameter “colour = Blue:\Red | Green” (where | represents the “OR” Boole

opers3

b) Whe

iterafion; one with the minimum numbepr;ef repetitions and the other with more than the minimujm

num

EXANPLE 2 For the input parameter “letter = [A - Z | a - z]*” (where “*” represents “one or more”), ty

optio|
c) Whe
ident
than
EXAMPLH
can be ch

em in a textual format.

rage items are identified to cover the valid syntax in various ways, anéd/negative testing,
5t coverage items are identified to deliberately violate the rules of the“syntax. Test covera

testing are known as “mutations” of the defined syntax.

ving guidelines may be used to identify “options” (although alternative guidelines may be us{
where appropriate):

1  Backus-Naur Form is a formal meta-language that can be used to define the syntax for the inpy

2 Anabstract syntax tree can be used to represent formal syntax diagrammatically.

Identify test coverage items (TD2)

testing, test coverage items shall be identified based on two goals: positive testing, in whi

positive testing are known as “options” of the defined syntax, whereas test coverage items fi

hever selection is mandated by the syntax, an “Option” is identified for each alternati
jded for that selection.
tor), three options “Blue”, “Red” and “Green” wilkbe derived as test coverage items.

hever an iteration is mandated by the\syntax, at least two “options” are identified for t}

ber of repetitions.

hs, “one letter” and “more thafi,one letter” will be identified as test coverage items.

hever iteration is mandated with a maximum number of repetitions, at least two “options” a
ified for the iteration; one with the maximum number of repetitions and the other with le
the maximum number of repetitions.

3 For the.dnput parameter “letter = [A - Z | a - z]100” (where “100” represents the fact that a lett
bsen up to<100 times), two options “100 letters” and “less than 100 letters” will be identified as tq

coverage

To identify #mutations”, the defined syntax may be mutated in various ways, often dependent on tl
experienfeand creativity of the tester.

tems.

ts

Ch
in
be
Or

pd

ye

AN

e
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e
S
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st
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EXAMPLE 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
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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

7) minimized in which optionsg 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 ex¢rcised by
test cases are described in 5.2.5.

NOTE 2 Using a minimized approach for mutations can lead to such ungealistic test inguts that it
can be unlikely that the test item will fail to identify the test input as invalid.

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

c)| Identify input values to exercise the test coverage items to be covéered by the test case and prbitrary
valid values for any other input variables required by the test-c¢ase.

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

e)] Repeat stepsb) to d) until all identified options and mutations are exercised.
5.5 Combinatorial test design techniques

52.5.1 Overview

Combinatorial test design techniques (Ggitidal, Offutt and Andler 2005[10]) are used to systematically
d¢rive a meaningful and manageable subset of test cases that cover the test model and the apsociated
teist coverage items that are derivabléZduring testing. The combinations of interest are defined in terms
off test item parameters and the values these parameters can take. Where numerous parameters (each
wijith numerous discrete values)omust interact, this technique enables a significant reductipn in the
nimber of test cases required without compromising functional coverage.

52.5.2 Create test model (TD1)

All combinatorial test design techniques shall use a test model comprising a set of P-V pgairs that
cqmbines each+f'the test item parameters (P) taking on each of their possible values (V).

The test itetn parameters represent particular aspects of the test item that are relevant to the testing,
and oftenrcorrespond 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 asoperating

S_‘] steam and hragwser

Each test item parameter can take on various values. For use in this technique the set of values needs
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

5.2.5.3.1

All combinations testing

Identify test coverage items (TD2)

In ‘all combinations’ testing, the test coverage items shall be members of the set of all unique
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d Andler 2005[19] for more details.

Derive test cases (TD3)

s shall be derived in which each test case exercises one unique combination of'P<V pairs. T
steps shall be used during test case derivation:

t test coverage items for inclusion in the current test case that have notdlready been covert
fest case.

Fmine the expected result of the test case by applying the input(s).to the test basis.
at steps a) and b) until the required level of test coverage is@chieved.

The minimum number of test cases required to achieve 400 % all combinations testing covera
ds to the product of the number of P-V pairs for each testitém parameter.

5 (26 possible values) would result in 260 test cases.
Pair-wise testing

Identify test coverage items (TD2)

e pair is for a different test.item parameter. See Grindal, Offutt and Andler 2005191 for mo

A test item with two parameters for months (12 values) and gender (two values) results
e pairs of P-V pairs (éig:January-female, January-male, February-female, February-male, March-femal

f all possible, combinations of the parameters (as was required for all combinations testing
hique covers:all possible pairs of the selected values within the total set, thereby efficient

Derive test cases (TD3)

A test item with two parameters for digits 10 possible values) and lower-case alphabeti

ise testing, the test coverage, items shall be unique pairs of P-V pairs, where each P-V p3di

,11’
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Having id
test case

exercises one or more unique pairs. The following shall be used during test case derivation:

entified the P-V pairs, test cases shall be derived steps to exercise pairs of P-V pairs, where each

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) Repe
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at 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 calculated.
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.

ach choice testing

.5.5.1 Identify test coverage items (TD2)

each choice (or 1-wise) testing, the test coverage items shall be members of the(set of P-V pairs such
that each parameter value is included at least once in the set. See Grindal, Offuttand Andler 2(05[10] for
re details.

5{2.5.5.2 Derive test cases (TD3)

Tgst cases shall be derived to exercise P-V pairs, where each test dase exercises one or more [P-V pairs
that have not been previously included in a test case. The followingssteps shall be used during|test case
d¢rivation:

a)| Select test coverage items for inclusion in the current\test case, where at least one seldcted test
coverage item has not been included in a prior 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 the required level of test coverage is achieved.

The minimum number of test cases required to achieve 100 % each choice testing corresponds to the
mjaximum number of values any one\of the test item parameters can take.

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

522.5.6 Base choicetesting

52.5.6.1 Identify test coverage items (TD2)

In base choieetesting, the test coverage items shall be sets of P-V pairs for each of the input parameters,
where alkparameters except one are set to their “base” value and the final parameter is set to [one of its
otfher alid values. See Grindal, Offutt and Andler 2005[19] for more details.

NOQTE There are a number of npprnnrhac for r‘hnncing the base values for each parameter, but geq era]]y the

base choice is the most ‘important’ value that the parameter can take. For example, the base values can be chosen
from the operational profile, from the typical path in scenario testing, or from the most frequently used values
for the parameter.

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 shall
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)

‘)
d)

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.

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

Repeat steps b) and c) until the required level of test coverage is achieved.

5.2.6 Decision table testing

5.2.6.1

Create test model (TD1)

Decision
(causes)

each

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

cause is expressed as a condition, which is either true or false (i.e. a Boolean) fanan input,

combination of inputs;

each

effect is expressed as a Boolean expression represented by an output|(i.e. action), or

combination of outputs;

aset

See BS 74
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infeasible

of decision rules define the required relationships between causes‘and effects.
25-2 and Myers 19791121 for more details.

If conditions consist of multiple values rather than simple Booleans, this results in an “extend
ision table, the testing of which can be handled by equivalerice partitioning.

Identify test coverage items (TD2)

a unique combination of the test item’s conditions and outputs.
Derive test cases (TD3)

1l be used during test case derivation:

t a decision rule from thé.decision table for implementation as a test case.

'mine the expected result of the test case by applying the inputs to the decision table.
at stepsca)to c) until the required level of test coverage is achieved.

If the decision table contains dependent input conditions then this can resultin infeasible combinatio

epatate conditions, “age less than 18” and “age greater than 65” both set to true). In this situation su
naad o bha sdaptifind S d s da 11 donn e +ad nd da ot mand +0 o cavarn d

ntable testing, the test coverage items shall be'the decision rules, which define the relationshiip

s shall be derived to exercise each of the decision rules (test coverage items). The followil

ify input values to satisfy the input conditions of the decision rule to be covered by the te

ns
ch

testing.
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5.2.7 Cause-effect graphing

5.2.7.1 Create test model (TD1)

g

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:

18

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).

52.7.2 Identify test coverage items (TD2)

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

5[2.7.3 Derive test cases (TD3)

Tgst cases shall be derived to exercise the test coverage items. A corresponding decision table may be
pjoduced from the cause-effect graph and used to derive the test caSes’ The following step$ shall be
uged during test case derivation:

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

c)] Determine the expected result of the test case by’applying the inputs to the cause-effect graph (or
corresponding decision table).

d] Repeat steps a) to c) until the required levelof test coverage is achieved.
5]2.8 State transition testing

52.8.1 Create test model (TD1)

Stlate transition testing shall uséxa’'model of the states the test item can occupy, the transitions|between
stites, the events which cause transitions and the actions that can result from the transitfions. See
B§ 7925-2 and Chow 1978} for more details. The states of the model shall be discrete, idéntifiable
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 |occur. In
sthte transition testing, the test coverage typically applies to states or transitions of the stafe model,
d¢pending on the'required coverage. The model may take the form of a state transition diagrain, a state
table or another suitable representation.

512.8.2<1dentify test coverage items (TD2)

In| state transition testing, test coverage items will change depending on the chosen test cdmpletion
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)

Test cases for state transition testing shall be derived to exercise the test coverage items. The following
steps shall be used during test case derivation:

a) Seledt test coverage items for inclusion in the current test case.
b) Identify input values to exercise the test coverage items to be covered by the test case.

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

d) Repdat steps a) to c) until the required level of test coverage is achieved.
5.2.9 {cenario testing

5.2.9.1 (Create test model (TD1)

Scenario|testing shall use a model of the sequences of possible interactions between the test item and
other sydtems (in this context users are often considered to be ather systems) for the purpose of testing
usage flows involving the test item. See Desikan and Ramestr 200721 for more details. The test model
typicallyfincludes a set of scenarios related to the test item,'where each scenario covers one sequence jof
interactigns.

In scenarjio testing, the test model shall identify:

— the “main” scenario, which is the typical sequénce of actions that are expected of the test item or gn
arbitfrary choice when no typical sequenge of actions is known; and

— “alternative” scenarios that represeft alternative (non-main) scenarios that may be taken through
the tpst item.

NOTE 1 | Alternative scenarios can include abnormal use, extreme or stress conditions, exceptions and errpr
handling.

NOTE 2 | Scenario testing\is’' typically used for conducting “end-to-end functional testing”, such as duripg
system tepting or acceptanee testing.

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

One commeh form of scenario testing is use case testing (Hass 2008H121), which utilises a use case model
of the tedtitem that descrihes how the test item interacts with one or more actors for the purpose

testing 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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2.9.3 Derive test cases (TD3)

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

le

a)
b)

ast one test case. The following steps shall be used during test case derivation:
Select a scenario to exercise in the current test case.
Identify input values to exercise the scenario covered by the test case.

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

5
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22.10 Random testing

22.10.1 Create test model (TD1)

possible input values. See BS 7925-2, Craig and Jaskiel 2002[8], and Kaney 498816l for more de

22.10.2 Identify test coverage items (TD2)

122.10.3 Derive test cases (TD3)

2.11 Metamorphic testing

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

indom testing shall use a representation of the input domain of the test item that defines the

here are no recognized test coverage items for random testing:

st cases for random testing shall be chosen by randoinly selecting input values from the inpy

se derivation:

Select an input distribution for the selection of test inputs.

EXAMPLE Types of input distributions include the normal distribution, uniform distrib
operational profile.

Generate random values forthe test inputs based on the input distribution chosen in step
Determine the expectedrésult of the test case by applying the inputs to the test basis.

Repeat steps b) and’c) until the required testing has been completed.

Kting or some other measure of completion.

DTE 2 Stepb) is typically automated.

set of all
rails.

t domain

the test item according to the chosen input distribution. The following steps shall be used duyring test

ltion and

Q).

DTE 1 The required testing can be defined in terms of a number of tests executed, an amount of ffime spent

5.

2.11.1 Create test model (TD1)

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.

EXAMPLE 2 A test item predicts the age of death for an individual based on a set of lifestyle parameters. A
source test case has various test inputs, including 10 cigarettes smoked per day, and an expected result of age
58 years from running the test case. The metamorphic relation states that if a person smokes more cigarettgs,
then theiy expected age of death will probably decrease (and not increase). Thus, a follow-up test case Can pe
generated with the same input set of lifestyle parameters, except with the number of cigarettes smoked inereasgd
to 20 per fay. The expected result (the predicted age of death) for this follow-up test case can now be’sét to less
than or equal to 58 years.

NOTE In many situations, it is good practice to have identified metamorphic relations reviewed and agreged
by relevant stakeholders, such as business users.

5.2.11.2 | Identify test coverage items (TD2)

The test ¢overage items shall be the individual metamorphic relations, which comprise the test mode].

5.2.11.3 | Derive test cases (TD3)

Test casg¢s for metamorphic testing shall be derived by covening each metamorphic relation (test
coverage|item) with at least one test case. The following steps/shall be used during test case derivation:

a) Seledta test coverage item (metamorphic relation) fofrinclusion in the current test case.
b) Creafe a source test case (or identify an existing source 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 follaw-up test case will not always be an exact value but will often pe
descilibed as a function of the actual result achieved by executing the source test case (e.g. expected result
for follow-up test case > actual result for source test case).
NOTE 2 A single metamorphic'relation can often be used to derive multiple follow-up test cases (e.g| a
metamorphic relation for a function that translates speech into text can be used to generate multiple folloy-
up tept cases with the same'speech at different input volume levels but with the same text as the expected

resulf).

d) Repdat steps a) to'¢):until the required level of test coverage is achieved.

5.2.12 Requiréments-based testing

5.2.12.1( Create test model (TD1)

The test model 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)
b)

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

Create a test case that exercises the requirement.

NOTE Test cases for requirements-based testing are typically positive test cases that confirm whether

stated requirements are met. Negative test cases are normally derived using other, compleme

tary, test

A
ey

N

5,
Ej

5,
Tl

3.1 Statement testing

$3.1.1 Create test model (TD1)

3.2 _Branch testing

techniques.

Repeat steps a) and b) until the required level of test coverage is achieved.

3 Structure-based test design techniques

model of the source code of the test item, which identifies statements as either executabl
ecutable, shall be identified. See BS 7925-2 and Myers 1979141 for more details.

DTE The developer’s source code is typically used as the test'model for statement testing.

3.1.2 Identify test coverage items (TD2)

ich executable statement shall be a test coverage item.

3.1.3 Derive test cases (TD3)
he following steps shall be followed during test case derivation:

Identify a control flow sub-path that reaches one or more executable statements that hav
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 appl
corresponding tést inputs to the test basis.

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

£ Or non-

e not yet

ying the

5

324 Create test model (TD1)

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

©
©

model; or

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.

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

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

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

d) Repdat steps a) to c) until the required level of test coverageds achieved.

If there gre no branches in the test item then a single test case is still required to achieve full bran¢h
coverage

If there dre multiple entry points to the test item, sufficient test cases will be required to cover eath
entry point.

5.3.3 Decision testing

5.3.3.1 [Create test model (TD1)

A controlflow model of the test itemthat identifies decisions shall be created. Decisions are points in the
test item|where two or more possible outcomes (and hence sub-paths) may be taken by the control flgw
(BS 79254-2; Myers 1979[19]). Typical decisions are used for simple selections (e.g. if-then-else in sourfe
code), to [decide when to exitloops (e.g. while-loop in source code) and in case (switch) statements (e|g.
case-1-2-B-...-N in source code).

5.3.3.2 [Identifytest coverage items (TD2)

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

5.3.3.3 Derivetestcases(TD3)
The following steps shall be followed during test case derivation:

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

b) Determine the test inputs that will cause the control flow sub-path 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) Repeatsteps 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.

53.4.2 Identify test coverage items (TD2)

In branch condition testing, the possible Boolean values (i.e. true or false) of the conditions within
d¢cisions and the decision outcomes from each decision shall be identified as test covérage items.

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

583.4.3 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 executgd during
testing.

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

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

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

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

g) Determine the expectediesult from exercising the control flow sub-path by applying the te¢st inputs
to the test basis.

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

If[there are notdecisions in the test item then a single test case is still required to achieve full branch
cqndition coverage.

5.3.5 ~Branch condition combination testing

5 I ™~ 4 Val 4 4 4= A1 TN
WDede L LITAIC IO INIouUcI (1vl)

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.

5.3.5.2 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.

© ISO/IEC 2021 - All rights reserved 25
© IEEE 2021 - All rights reserved


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

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

EXAMPLE

5.3.5.3

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.

Derive test cases (TD3)

The following steps shall be followed during test case derivation:

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

b) Deteltmine the set of test inputs that will cause the decision to be exercised with the selects

com
c) Dete
d) Repd

If there 3
conditior

ination of Boolean values of conditions.
Fmine the expected result by applying the selected test inputs to the test basis.
at steps a) to c) until the required level of test coverage is achieved.

re no decisions in the test item then a single test case is still required to achieve full bran
combination coverage.

5.3.6 Modified condition/decision coverage (MCDC) testing

5.3.6.1

A contro
created.

5.3.6.2

Each uni
allows a §
as a test

Create test model (TD1)

flow model of the test item that identifies decisions and conditions within decisions shall |
bee BS 7925-2 for more details.

Identify test coverage items (TD2)

gue feasible combination of individual Boplean values of conditions within a decision th
ingle Boolean condition to independently affect the outcome of the decision shall be identifig
roverage item. Whether a condition ihdependently affects the outcome of a decision is shoy

by varyimg only that condition while holding-all other possible conditions within the decision to fix

states.

NOTE
considere

EXAMPLE

to demon
minimum

5.3.6.3
The follo

Where a decision includesca‘single condition, two possible “combinations” (true and false) afre

[ to exist and two test coyerage items are identified.
The decision statement “if A OR B AND C then” requires a minimum of four test coverage iter

trate that the threeconditions can each independently affect the outcome of the decision. In generall
of N + 1 test covérage items are required when there are N conditions within a decision.

Derive tést-cases (TD3)

ving-steps shall be followed during test case derivation:

bd

pe

at
bd
'n
bd

ns

a) Ident

ify"a combination of Boolean values of conditions defined by a test coverage item withinl

decision 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 result in a
vgriable retaining the same value as it had before). A “use” is an occurrence of a variable in Which the
vgriable is not given a new value; “uses” can be further distinguished as either “p-uses”| (predicate-
uge) or “c-uses” (computation-use). A p-use denotes the use of a variable in determining’the|outcome
offa condition (predicate) within a decision, such as a while-loop or if-then-else. A c-lise occuys when a
vgriable is used as an input to the computation of the definition of any variable ox 6fan output].

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

53.7.2 All-definitions testing

58.7.2.1 Identify test coverage items (TD2)

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

5.7.2.2 Derive test cases (TD3)
The following steps shall be followed duringtest case derivation:

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

b) Determine the test inputs thatwill cause the control flow sub-path from the identified deffinition to
be exercised.

c)] Determine the expected result from exercising the control flow sub-path by applying the t¢st inputs
to the test basis,

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

NOTE Inpractice, these steps can require automation.

53.7.3 5 All-c-uses testing

5 2 "~ 2 1 Idaoniifiz i $ oovramaon 3tarac (TN
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A set of control flow sub-paths from each variable definition to each c-use of that definition (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.

5.3.7.4 All-p-uses testing

5.3.7.4.1] Identify test coverage items (TD2)

A set of qontrol flow sub-paths from each variable definition to each p-use of that definition({with o
intervening definitions) shall be identified as test coverage items.

5.3.7.4.2 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 subsequentp-use of that definitipn
that has not yet been executed during testing.

b) Detefmine the test inputs that will cause the control flow sub-pathfrom the identified definition fo
the subsequent p-use to be exercised.

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

d) Repdat steps a) to c) until the required level of test.coverage is achieved.
5.3.7.5 [All-uses testing

5.3.7.5.1] Identify test coverage items (TD2)

A set of cpntrol flow sub-paths from eachwvariable definition to every use (both p-use and c-use) of that
definitiof (with no intervening definitions) shall be identified as test coverage items.

5.3.7.5.2[ Derive test cases (TD3)
The following steps shall se\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
defirjition thatdyas not yet been executed during testing.

b) Detefminesthe test inputs that will cause the control flow sub-path from the identified definition fo
the sjibsequent p-use or c-use to be exercised.

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

d) Repeatsteps 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
to attempt to achieve 100 % test item coverage. This differs from all-uses testing, which requires only one path
from each variable definition to its use to be tested to attempt to achieve 100 % test item coverage.

53.7.6.2 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 frofythe identified deffinition to
the subsequent p-use or c-use to be exercised.

c)] Determine the expected result from exercising the control flowsiib-path by applying the t¢st inputs
to the test basis.

d] Repeatsteps a) to c) until the required level of test coverage is achieved.
54 Experience-based test design techniques
54.1 Error guessing

54.1.1 Create test model (TD1)

Error guessing shall use a test modelgirthe form of a checklist of potential defects to focus the testing.
Sge BS 7925-2 and Myers 1979[19] fox more details. The checklist is used to identify test inputs|that may
cduse 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 known
erfrors, information contained in incident management systems, from a tester’s knowledge, expgrience or

urpderstanding of the test item(s) or similar test items or from the knowledge of other stakeholders (elg. system
ugers or programmeys):

54.1.2 Identify test coverage items (TD2)

There are(no'recognized test coverage items for error guessing.

54.4:3~ Derive test cases (TD3)

Test cases for error guessing shall be derived by selecting a defect type from the checklist and deriving
test cases that can detect that defect type in the test item, if it existed. The following steps shall be used
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
to be infeasible if it can be shown to not be executable or impossible to be covered by a test case. The
coverage calculation shall be defined as either counting or discounting infeasible items; this choice
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bd, justification for its infeasibility will typically be recorded in a test report.

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

!x100)%
I

is the coverage achieved by a specific test design technique;
is the number of test coverage items covered by executed testCases;
is the total number of test coverage items identified by the test design technique.

alues for C, N and T for each technique are defined ip 6:2'and 6.3. The set of coverage measur
1 in 6.2 and 6.3 are designed to be used with the, test design techniques presented in th
. They are not designed to be an exhaustive listithére may be other useful coverage measur
sed by organizations that are not mentioned in-this clause.

Other measures that can be required for‘@ssessing the completeness of testing include measuri

5t measurement for specification-based test design techniques

quivalence partition coverage
for equivalence partitioniing shall be calculated using the following definitions:
alence_partitions 1S th¢-equivalence partition coverage;

he number ofipartitions covered by executed test cases;

he total@umber of partitions identified.

lassification tree method coverage

is

RS
is
N

ng

Coverage for 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;

— Tist

he total number of classes.

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

C

30

classification_tree_maximality

is 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:

Choundary_values iS the boundary value coverage;

LV
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— 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,syntax testing.

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

62.5 Combinatorial test design techniques coverage

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

—4 C

a1l combinations 1S all combinations coverage;

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

each test item parameter).

6[2.5.2 Pair-wise testing coverage

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

C

pair-wise 1S PAir-Wise coverage;

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

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

62.5.3 ) Each choice testing coverage

— T is the total number of unique P:V'pair combinations (the product of the number of P-V

extremely

pairs for

Coverage Tor each choice testing shall be calculated using the 1ollowing derinitions:

— C

wach choice 1S €ach choice coverage;

— 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).

6.2.6 Decision table testing coverage

Coveraggq for decision table testing shall be calculated using the following definitions:
Caecifion table 1S decision table coverage;
— Nis the number of decision rules covered by executed test cases;

— Tis the total number of feasible decision rules.

6.2.7 (ause-effect graphing coverage
Coveragdq for cause-effect graphing shall be calculated using the following defitfitions:

C

causk-effect 1S the cause-effect coverage;

— Nis the number of decision rules covered by executed test casés;

— Tis the total number of feasible decision rules.

6.2.8 State transition testing coverage
Coveragdq for all states testing shall be calculated usingthe following definitions:

C

all skates 1S all states coverage;

— Nis the number of states covered by exe¢uted test cases;

— Tis the total number of states.

Coveraggq for single transitions (0-switch coverage) shall be calculated using the following definitions:
Co-sulitcn 1S 0-switch coverage;

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

— Tis the total number of single valid transitions.

Coveraggq for all'transitions shall be calculated using the following definitions:

— C

all_tfansSitions

is all transitions coverage;

— Nis the 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.

62.10 Random testing coverage

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

62.11 Metamorphic testing coverage
There is currently no industry agreed approach to calculating coverage for metamorphic testing.
NOTE Calculating coverage as a percentage is often not possible fop metamorphic testing due to the

pqtentially extremely large number of follow-up test cases that can be\dérived from a single metamorphic
reflation.

=)

.12 Requirements-based testing coverage
Coverage for requirements-based testing shall be calculated 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;

— N is the number-of executable statements covered by executed test cases;

— Tis thetotal number of executable statements.

6.3.2 ~"Branch testing coverage

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

Chranch 1S 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

Coverag

Cdec
— Nis
— Tis

Decision testing coverage

e for decision testing shall be calculated using the following definitions:
ision 1 decision coverage;

the number of decision outcomes covered by executed test cases;

the total number of decision outcomes.

For situations where there are no decisions in the test item, a single test is required to achieve 100 %
decision foverage.

6.3.4

Coverag

Cbran ch_condition

— N is

Branch condition testing coverage
¢ for branch condition testing shall be calculated using the following definitions;

is branch condition coverage;

outcpmes covered by executed test cases;

the number of Boolean values of conditions within decisions plus thé/humber of decisi¢gn

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

For situafons where there are no decisions in the test item, a single'test is required to achieve 100 Pb

branch c¢ndition coverage.

6.3.5 Branch condition combination testing coverage

Coveragd for branch condition combination testing shall'be calculated using the following definitions

—  Chranch_condition_combination 1S branch conditionCombination coverage;

— N is the number of combinations of Boolean values of conditions within each decision covered by
execfited test cases;

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

For situa(tions where there are no decisions in the test item, a single test is required to achieve 100 Po

branch c¢ndition combination coverage.

6.3.6 Modified condition/decision coverage (MCDC)

Coveragg for modified condition/decision coverage testing shall be calculated using the following

definitions:

—  Cycple is,modified 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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3.7 Data flow testing coverage

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;

— Nis the number of definitions associated with definition-use pairs covered by executed te

st cases;

6.
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$3.7.2 All-c-uses testing coverage

verage for all-c-uses testing shall be calculated using the following definitions:

C

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

N is the number of data definition c-use pairs covered by executed test.cases;

T is the total number of data definition c-use pairs.

3.7.3 All-p-uses testing coverage

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

C

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

N is the number of data definition p-use pairs{covered by executed test cases;

T is the total number of data definition p<use pairs.

3.7.4 All-uses testing coverage

verage for all-uses testing shall be‘calculated using the following definitions:

C

all-uses 1S all-uses coverage;

N is the number of definition-use pairs covered by executed test cases;

T is the total number of definition-use pairs from each definition to all uses of that definit

3.7.5 All-du-paths testing coverage

Coverage farall-du-paths testing shall be calculated using the following definitions:

C

{ii-gu-paths 1S all-du-paths coverage;

on.

IV'is the number of loop-free sub-paths from each variable definition to each of’its uses th

at can be

6.

reached (without an intervening definition of the variable) covered by executed test cases

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

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

A.1 Quality characteristics

Softwargq testing is carried out to collect evidence on how well required quality criteria have’ be
satisfied |by a test item. This annex contains examples of how quality characteristics defiied in IS
IEC 25010 can be mapped to the test design techniques defined in this document. THe\test desig
techniques defined in this document can be used for testing a variety of these characteristics. The

may be other quality characteristics that can be considered (e.g. privacy).

ISO/IEC R5010 defines the product quality model shown below in Figure A% which categoriz
system/doftware product quality properties into eight characteristicsy functional suitabilif
performdnce efficiency, compatibility, usability, reliability, security, maintainability and portabilif
Each chajracteristic is composed of a set of related sub-characteristicsidn some situations, there c3
be regulptory requirements (e.g. government policies or laws) that\mandate that certain quali
charactefistics are met by a system. Various test design techniqueS-and types of testing can be used

test for epch characteristic (see A.3 and A.4).

A.2 provjdes an explanation of types of testing that can bg used to test the quality characteristi
presentefl in Figure A.1. A mapping of each quality cha@racteristic to applicable types of testing
presentefl in A.3. The relationship between the quality.characteristics and the specification-based and

structurg-based test design techniques covered in this-document is explained in A.4.

NOTE

types of t¢sting that apply to testing each qualityfequirement.

ISO/IEC 25030 can be used to identify and'decument software quality requirements thatare applicalj
to a test item. These can then be used to identifytquality characteristics in ISO/IEC 25010 and correspondi
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Figure A.1 — ISO/IEC 25010 product quality model

A.2 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.2.2 Compatibility testing

TFF_WFThﬁ_ﬁwrﬁf_ﬁ_e PUTPOSE Of COmpatibility TesSting is to determine whethner the test item can function ajonggide other
independent or dependent (but not necessarily communicating) products in a shared envinonment (i.e.
cq-existence). Compatibility testing may also be applied to multiple copies of the same,test ifem or to
rr]:ﬂtiple test items sharing a common environment.
C

mpatibility requirements for test items typically include one or more of the following sub-
rgquirements:

— Orderofinstallation. Explicit order(s) of installation (otherwise it should be assumed thatall possible
orders of installation are valid) results in a configuration where each test item will subgequently
perform its required functions correctly.

—t Order of instantiation. Explicit order(s) of instantiation (otfferwise it should be assumef that all
possible orders of instantiation are valid) result in a run-time configuration where each|test item
will subsequently perform its required functions correctly.

— Concurrent use. The ability of two or more test tems to perform their required functigns while
running (but not necessarily communicating) iri the same environment.

— Environment constraints. Features of the ehvironment, such as memory, processor, architecture,
platform or configuration, that may afféct the ability of the test item to perform its |required
functions correctly.

A{2.3 Conversion testing

The purpose of conversion testing is to determine whether data or software can continue t¢ provide
rgquired capabilities after modifications are made to their format, such as converting a program from
one programming language.to another or converting a flat data file or database from one format to
arfjother. 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 mugt remain
i

a

ariant through the conversion process, those that are new, modified, or obsoleted by the cgnversion
d any required conversion design standards to which the test item must conform.

f the test
bain once
3 ) disaster
recovery plan) that spec1f1es 1ts dlsaster recovery requlrements 1nclud1ng any requlred disaster
recovery design standards to which the test item must conform. The test item in disaster recovery
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, uninstalled/
removed|and/or upgraded as required in all specified environments. Installability testing usges|a
model of|the installability requirements of the test item, which are typically specified in terms‘of. the
installation, uninstallation or upgrade processes (as described in the installation manual or guidelines),
the people who will carry out the installation, uninstallation or upgrade, the target platfornifs) and the
test item(s) to be installed, uninstalled or upgraded.

A.2.7 Interoperability testing

The purpgose of interoperability testing is to determine if a test item can interact*Correctly with other
test itemp or systems either in the same environment or different environments, including whether the
test item| can make effective use of information received from other systenis. Interoperability testing
uses a m@del of the test item that specifies its interoperability requirements, including interoperabilify
design standards to which the test item must conform. This can(ihclude assessing whether a test
item runhing in one environment can interact accurately with anéther test item or system in another
separatelenvironment.

A.2.8 Localization testing

The purpose of localization testing is to determine whether the test item can be understood within the
geograpljical region it is required to be used in. Localization testing can include (but is not limited tpo)
analysis ¢f whether the user interface and supporting documentation of the test item can be understo¢od
by users 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 gn
acceptable amount of effort. Maintainability testing uses a model of the maintainability requirementts
of the test item, which are typically specified in terms of the effort required to effect a change under the
following categories:

— corr¢ctive maintendnce (i.e. correcting problems);
— perfégctive maintenance (i.e. enhancements);

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

— preventive maintenance (i.e. actions to reduce future maintenance costs).

Maintainability 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:

a "typical” load.

Performance testing is aimed at assessing the performance of the test item when it is placed under

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.

anticiatad naale 1o d oy han il bla wacarone (A g ooy o cnccar dicl) o o d o

Stress testing is aimed at assessing the performance of the test item when it is pushed beyond its

A

Tl
it
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specified minimum requirements, to evaluate how it behaves under extreme conditions.

the required load for a continuous period of time.

Volume testing is aimed at assessing the performance of the test item when itis'processing
levels of data. For example, this may include assessing test item performance when its dg
nearing maximum capacity.

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

Memory management testing is aimed at assessing how the test item will perform in ter
amount (normally maximum) of memory used (e.g>hard disk memory, random access

defined levels of memory leakage experiencedduring testing. Memory requirements will
be specified in terms of specific operating\conditions (e.g. a peak memory requireme
particular period of operation under defined transaction loads may be specified).

2.11 Portability testing

em can be effectively and efficiently transferred from one hardware, software or other op

(0)

0
C(
V4

A

Tl
reg

usage environment to another. Portability testing uses a model of the test item that spe

st conform. Portability.fequirements are concerned with the ability to transfer the test i
e environment to another, or to alter the configuration of the existing environment to other
nfigurations. For-example, this can include assessing whether the test item can be operate
riety of differentybrowsers.

EiFtability requirements, including any required portability design standards to which the

2.12 Procedure testing

ne purpose of procedure testing is to determine whether procedural instructions mnj
quirements and support the purpose of their use. Procedure testing uses a model of the pr

ed below

Endurance testing (also called soak testing) is aimed at assessing whether the test item cajn sustain

specified
tabase is

perform
y include
dth) will

ms of the
memory

(RAM) and read only memory (ROM)), the typeofimemory (e.g. dynamic or allocated/static) and/or

typically
ht over a

ie purpose of portability testing\is"to determine the degree of ease or difficulty to which a test

erational
cifies its
test item
fem from
required
d from a

eet user
ocedural

r

r}nirﬂmpnfe of the test item as a anp]nfn and delivered unit. Procedure rpr}nirpmnnfc de

ine what

is expected of any procedural documentation and are written in the form of procedural instructions.
These procedural instructions will normally come in the form of one of the following documents:

— 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 purpese—ofreliab ssting is : o-test-ite o—perfc S—regu
functiony, including evaluating the frequency with which failures occur, when it is used under stated
conditions for a specified period of time. Reliability testing uses a model of the test item that specifips
its requitjed level of reliability (e.g. mean time to failure, mean time between failures). The model:shoulld
include a|definition of failure and either the operational profile of the test item or an approach'to deriye
the opergtional profile.

A.2.14 Security testing

The purgose of security testing is to evaluate the degree to which a test item'and its associated dafta
are protedcted so that unauthorised persons or systems cannot use, read or modify them and authoris¢d
persons ¢r systems are granted required access to them. Security testing'uses a model of the test it
that spedifies its security requirements, including any required security.design standards to which the
test item|must conform. Security requirements are concerned with the ability to protect the data and
functionglity of a test item from unauthorised users and malicious-use. For example, this can inclugle
assessing whether the test item prevents unauthorised users from accessing data, or whether certajin
functiong of a test item that are only required to be accessible’by certain user types are protected from
other usdgr types.

There ar¢ a number of techniques for assessing the security of a test item:

— Peneftration testing involves attempted access’to a test item (including its functionality and/pr
privdte data) by a tester that is mimicking,thé actions of an unauthorised user.

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

— Security auditing is a type of static testing in which a tester inspects, reviews or walks through the
requfrements and code of a testitem to determine whether any security vulnerabilities are present.

— Vulnprability scanningdnvolves the use of automated testing tools to scan a test item for signs |of
speclfic known vulnerabilities.

A.2.15 Usability testing

The purpose of:tsability testing is to evaluate whether specified users can use the test item to achieye
assigned|goals’with effectiveness, efficiency and satisfaction in specified contexts of use. Usability
testing therefore uses a model of the test item that specifies its usability requirements, including afny
required usability design standards to which the test item must conform. Usability requirements specify
the usability goals for the test item. Usability goals must be based on test item goals (the reason for
having the test item, the difference it is to bring about for the organization or individual, the usability-
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
Cpmpatibitity testing Compatibitity €o-existernce

Cpnversion testing Functional suitability Functional completeness

Functional correctness

Functional appropriateness

Dfisaster recovery testing Reliability Maturity
Fault tolerance
Recoverability
Flinctional testing Functional suitability Functional cémpleteness

Functional correctness

Functional appropriateness

Ipstallability testing Portability Installability
I]Ilteroperability testing Compatibility Interoperability
Lpcalization 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
Portability testing Portability Adaptability

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

Usability testing

Usabilityz
J

Appbropriatenessrecognizability

rr r (=] J

Learnability

Operability

User error protection

User interface aesthetics

Accessibility

A.4 Mgpping quality characteristics to test design techniques

The test|design techniques described in this document can be used te,test a variety of the quali

charactefristics listed in Figure A.1. Table A.2 provides an example mapping between them.

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

product characteristics

Ly

Test design technique

|1S0/IEC 25010 quality charactepistic  |ISO/IEC 25010 sub-characteristics

Specificdtion-based test design techniques

NS

Boundary value analysis

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Performance efficiency

Time-behaviour

Capacity
Usability. User error protection
Reliability Fault tolerance
Security Confidentiality
Integrity

Cause-effect graphing

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Usability

User error protection

Compatibility

Co-existence

Classification 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 Time-behaviour
Usability User error protection
Dlecision table testing Functional suitability Functional completeness
Functional correctness
Functional appropriateness
Compatibility Co-existence
Usability User error protection
Eguivalence partitioning |Functional suitability Functiond] completeness
Functiofial correctness
Functional 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

Capnacity
r J

Compatibility

Co-existence

Interoperability

Usability

Appropriateness recognizability

Learnability

Operability

User error protegtion

User interface aésthetics

Accessibility

Reliability

Maturity

Avdilability

Fault tolerance

Recoverability

Security

Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Maintainability

Modularity

Reusability

Analysability

Modifiability

Testability

Pertability

Adaptability

Installability

Replaceability
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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

Canacity
r J

Reliability

Maturity

Availability

Fault tolerance

Recoverability

Security

Confidentiality

Integrity,

Non-pepudiation

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

Capnacity
r J

Compatibility Co-existence
Interoperability

Usability Appropriateness recognizability
Learnability
Operability

User error protegtion

User interface aésthetics

Accessibility
Reliability Maturity
Avdilability

Fault tolerance

Recoverability

Security Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Maintainability Modularity

Reusability

Analysability
Modifiability
Testability
Pertability Adaptability
Installability

Replaceability

Scenario festing Functional suitability Functional completeness

Functional correctness

Functional appropriateness

Usability Learnability

Operability

User error protection

User interface aesthetics

Accessibility

Appropriateness recognizability

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


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

Table A.2 (continued)

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

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

Eaulttolerance

Recoverability

[%)

ntax testing

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Use case testing

Functional suitability

Functional cdihpleteness

Functiond] correctness

Functiofial appropriateness

Usability

Learnability

Operability

User error protection

User interface aesthetics

Accessibility

Appropriateness recognizabilif

%)

fructure-based test design techniques

LN

Q™

o]

Iranch condition combi-
htion testing

=

Functional suitability:

Functional completeness

Functional correctness

Functional appropriateness

Bjranch condition testing

Functional:suitability

Functional completeness

Functional correctness

Functional appropriateness

o]

Iranch testing

Fuhctional suitability

Functional completeness

Functional correctness

Functional appropriateness

Dlata flow testing

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Dlecisientesting

Functional suitability

Functional completeness

Functional correctness

Functional appropriateness

Modified condition/de-
cision coverage (MCDC)
testing

Functional suitability

Functional completeness

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

Capnacity
r J

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

B
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th
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This annex provides guidance on the requirements in 5.2 and 6.2 by demonstrating the appl
ch individual specification-based test design technique to a separate problem. Each example follows
e test design and implementation process that is defined in ISO/IEC/IEEE 29119-2. Although each

1 Guidelines and examples for specification-based testing

1.1 Overview

ample is applied in a specification-based testing context, as statedin 5.1, in practice md
chniques defined in this document can be used interchangeably (e.g* boundary value analy§

ogram source code).

2 Specification-based test design techniqueexamples

2.1 Equivalence partitioning

2.1.1 Test basis

nsider a test item, generate_grading, with the following test basis:

calculating the overall mark, which is the sum of the exam and c/w marks, as follows:

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

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

cation of

st of the
is can be

ed to test the inputs to a program through the user interface<r the boundaries of variablgs within

The component receives an exam mark (out of 75) and a coursework (c/w) mark (out jof 25) as
input, from which it outputs aygrade for the course in the range ‘A’ to ‘D’. The grade is generated by

n a fault

2:1.2" Determine required test coverage

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 as the
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

The test coverage items are the equivalence partitions shown in the test model:

From the input processing:

TESTCOVER1:

0 < exam mark <75

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

Identify test coverage items (TD2)

TESTCOVER2: 0 < coursework mark < 25

F1

F1

DTE

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. @, #, {, nul))

TESTCOVER10: coursework mark = real

TESTCOVER11: coursework mark = alphabetic

TESTCOVER12: coursework mark = special character (e.g. @, #, {, null)

TESTCOVER13:
TESTCOVER14:
TESTCOVER15:
TESTCOVER16:
TESTCOVER17:
TESTCOVER18:

om the internal processing:

‘A’ is induced by
‘B’ is induced by
‘C’ is induced by
‘D’ is induced by

output=-'E’

70 &total mark < 100
50 < total mark < 70
30 < total mark < 50

0 < total mark < 30

‘Fault Message’ (FM) is induced

om the putput processing:

It has beendssumed that the generation of a grading of E is due to an extraneous unnecessar
at has been mistakenly included in the program.

TESTCOVER19: output generated (A, B, C, D or FM)

TESTCOVER20: no output generated

 function

B.2.1.5 Derive test cases (TD3)

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 equivalen

ce 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 test cases corresponding to partitions derived from the input exam mark are shown in Table B.1.

Note thaf
value.

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

Tept case 1 2 3
Input (exam mark) 60 -10 93
Input (coursework mark) 15 15 15
total mark (as calculated) 75 - -
Tept coverage item TESTCOVER1 | TESTCOVER3 | TESTCOVER4
Paftition tested (e = exam mark) 0<es<75 e e>75
Exjpected output ‘A 'FM' 'FM'
The test|cases corresponding to partitions derived from thecinput coursework mark are shown
Table B.2,

Table B.2 — Test cases for valid inputprocessing of coursework mark

the input coursework mark in the following test case table has been set to an arbitrary valiid

in

Tgst case 4 5 6
Injput (exam mark) 40 40 40
Injput (coursework mark) 20 -15 47
total mark (as calculated) 60 - -
Tgst coverage item TESTCOVER2 | TESTCOVERS5 | TESTCOVER6
Partition tested (c = coursewoikmark) 0<c<25 c<0 c>25
Expected output 'B'’ 'FM' 'FM'
The test fases corresponding to partitions derived from possible invalid inputs are shown in Table B.3
and Tabl¢ B.4.
Table B.3 — Test cases for invalid input processing for exam mark
Test case 7 8
Input (expmdark) 60.5 $
Input (coursework mark) 15 15 15
Test coverage item TESTCOVER?7 TESTCOVERS TESTCOVER9
Partition tested (e = exam mark) e =real number e = alphabetic e = special char
Expected output 'FM' 'FM' 'FM'
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 | TESTCOVER1})
Partition tested (t = total mark) 70 <t<100 50<t<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'

sym.

The input values of exam mark and coursework mark have been derived from total mark, whigd

Table B.7 — Test cases for invalid output processing

h is their

The test cases corresponding to partitions derived from the invalid outputs are shown in Tablg B.7.

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

Expected output ‘FM’ 'FM'

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 underlined, and those that are already ‘hit’ are shown in brackets ().

Table B.8 — Minimized test cases
Test case 1 2 3 4
Input (expm mark) 60 50 35 19
Input (copirsework mark) 20 16 10 8
Test covefrage items TEST ER1 (TESTCOVER1), (TESTCOVER1), (TESTCOVER1),
TESTCOVER2 (TESTCOVER?2), (TESTCOVERZ),, | (TESTCOVER2)
TESTCOVER13 TESTCOVER14 TESTCOVERTS, TESTCOVER16,
TESTCOVER19 (TESTCOVER19) (TESTCOVER19) | (TESTCOVER19]
Partition|(e = exam mark) 0<e<75 0<e<75 0<e<75 0<e<75
Partition|(c = coursework 0<c<25 0<c<25 0<c<25 0<c<25
mark)
Partition|(t = total mark) 70 <t<100 50<t<70 30<t<50 0<t<30
Partition output generated output generated | output generated | output generated
Expected output ‘A’ ‘B 'C' ‘D'
Table B.9 — Minimized test cases (continued)
Test case 5 6 7 8
Input (expm mark) -10 93 60.5 Q
Input (copirsework mark) -15 47 20.23 G
Test covefage items TE ER TEST ER4 TEST ER TEST ER
TESTCOVERS TESTCOVER6 TESTCOVER10 TESTCOVER11
ESTCOVER18, | (TESTCOVER18), | (TESTCOVER18), | (TESTCOVER18)
(TESTCOVER19) | (TESTCOVER19) | (TESTCOVER19) | (TESTCOVER19]
Partition|(e = exam mark) e<0 e>75 e =real number e = alphabetic
Partition|(c = courséwerk c<0 c>25 ¢ =real number ¢ = alphabetic
mark)
Partition ‘FM" induced ‘FM" induced ‘FM" induced ‘FM' induced
Partition|testéd output generated | output generated | output generated | output generatedl
Expected output 'FM' 'FM' 'FM' 'FM'
Table B.10 — Minimized test cases (continued)
Test case 9 10 11
Input (exam mark) $ 5 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<ts15
Partition ‘FM" induced output = ‘E’ no output gener-
dted
Partition tested output generated | output generated |-output generated
Expected output ‘FM’ ‘D’ ‘D’

he one-to-one and minimized approaches represent two differentsapproaches that can be
¢riving test cases for equivalence partitioning. One-to-one test cases'are particularly useful f

elfror conditions (i.e. when trying to force specific error messagés’to be output), for example,

tHe possibility that one error condition halts processing and/¢rmasks or blocks other error cq
On the other hand, the disadvantage of the one-to-one appreach is that it requires more test (
if[this causes problems, a more minimalist approach canbe used. The disadvantage of the m
agproach is that in the event of a test failure it can be’difficult to identify the cause due to sev

drtitions being exercised at the same time. Therefore, a common approach is to combine

B{2.2 Classification tree method

Bi2.2.1 Test basis

C
a

tr]

Insider the test basis for a test'item travel_preference, which records the travel preferences
Australian organization-who travel to major Australian capital cities for work purposes. E

cRoices:

Destination =.Adelaide, Brisbane, Canberra, Darwin, Hobart, Melbourne, Perth, Sydney
Class = first'class, business class, economy
Seat.=aisle, window

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

used for
r testing
o reduce
nditions.
ases and
inimalist
reral new
the two

proaches by applying minimized equivalence pdrtitioning to design valid test cases and ome-to-one
equivalence partitioning to design invalid test. cases.

bf staff of
hch set of

nvel preferences is chosen'through a series of radio buttons, which consist of the following input value

ke, vegan,

standard

Any combination of one class from each classification will result in the message “Booking accepted”
while any other input will result in an error message stating “invalid input”. Staff do not have the option

o

f 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

Destination | Class | | Seat | | Meal preference |
— T T
Adelaide|Brisbane Canberra Darwin Hobart Melbourne Perth Sydney First Business Economy Aisley Window Vegetarian Non-vegetarian
Vegetarian Non-Vegetarian
options options
Lacto- Vegan Diabetic Gluten Low faty/ 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 ¢goverage items are the classes (leaf nodes) shown in the teStmodel.

B.2.2.5 |Derive test cases (TD3)

A combir]ation table can be constructed under the classification tree to demonstrate which classes (ile.
leaf nodgs) are combined to form each test case as shown in Figure B.3. The classes that are cover¢d
by each flest case are marked by a series of tokens (black dots) that run horizontally underneath the
classificdtion tree.

As the reguired test coverage for this exampleis minimality, where each class has to be used in at lealst
one test [case, then the following eight cambinations of classes can be used as the basis for the test
cases, aslshown in Figure B.3. The expected result is derived by applying the inputs to the test basis. [n
this partjcular case, any combination.of valid inputs results in the status "Booking accepted”.
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| Class |

| Seat |

| Meal preference |

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

|

\egetarian

Non-Vegetarian

Non-vegetarian

options

ovo

Lacto- Vegan Diabetic Gluten Low fat/

options

—
Léw [Standard

free cholesterpl, Tactose

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

preferences

The resultant set of test cases are shown in Table'B.11.

Table B.11 — Test cases for classification tree testing

Figure B.3 — Example classification tree and corresponding combination table for travel

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 combinations of

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:

20

C —x100%=100%
20

classification_tree_minimality =

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; second, that the members of some partitions can be ordered from lowest to highest with no

disconti

nif‘y; and fhirﬂ' thatthe boundaries of ordered r‘r\nh'gnnnc p:lrh'h'nnc are hicfnrira”y an err

r

prone eldgment of software development. Test cases are generated to exercise these boundaries.

The follo

5.2.3.3 r¢spectively).

B.2.3.2
Consider

The com

from whi

Test basis

a test item, generate_grading, with the following test basis:

the overdll mark, which is the sum of the exam and c/w marks, as follows:

greater than or equal to 70 A
greater than or equal to 50, but less than 70 - 'B
greater than or equal to 30, but less than 50 - ¢
less than 30 - 'D

Where irpvalid input(s) are detected (e.g. a mark:is outside its expected range) then a fault messa

('FM') is
B.2.3.3

Full cove

B.2.3.4

For boun|
define or

Equivale
The follo
EP1:

EP2:

benerated. All inputs are passed as integers.

Determine required test covérage

rage of all boundary valués:(using two-value boundary testing).

Create test model (TD1)

dary value analysis, the test model consists of the equivalence partitions for the test item th
dered sets. Thepartitions are defined in terms of their boundaries.

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

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

wing is an example of two-value boundary testing with one-to-one test cases (see 5.213:2 and

bonent receives an exam mark (out of 75) and a coursework (c/w)smark (out of 25) as input,
ch it outputs a grade for the course in the range 'A' to 'D". The gradejis generated by calculating

P

at

0 < exam mark <75

0 < coursework mark < 25

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

EP3:
EP4:

EP5:

58

exam mark > 75
exam mark < 0

coursework mark > 25
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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 < ()

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 produced by considering
edch of the valid outputs for the test item thus:

EP7: 'A' is induced by 70 < total mark < 100
EP8: 'B'isinduced by 50 < total mark <69
EP9:  'C'isinduced by 30 < totalmark < 49
EP10: 'D'isinduced by 0 < total'mark < 29

EP11: 'Fault Message' (FM) isinduced by _fetal 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 maximum and
mfinimum values. Assuming the output'is stored in integers held in sixteen bits from -32768 [to 32767,
EP11 and EP12 can be redefined as-follows.

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

Npte that the abave 12 equivalence classes all define ordered sets (as is required for boundary value
a(lalysis). Further equivalence classes can be identified for unordered sets, but these are not|required
for boundany value analysis (the full set of equivalence partitions for this example test basjis can be
sden inB:2.1).

Bl2.3.5 ldpnfify test coverage items (TD?)

If 2-value boundary value analysis is applied, the test coverage items are:
— 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
BOUND4 coursework mark = 25 from  EP2: 0 < coursework mark < 25
BOUND4fotut COUTSEWOTK mark = 20 from EPZ: U T coursework mark < 2o
BOUNDS5 exam mark = 76 from  EP3 76 < exam mark < 32767
BOUNDS5tout 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
BOUND?7 exam mark = -32768 from  EP4: -32768 s\eékam mark < -1
BOUND7;out exam mark = -32769 from  EP4: -32768 < exam mark < -1
BOUNDS exam mark = -1 from  EP4: -32768 < exam mark < -1
BOUNDSfout exam mark =0 from  EP4: -32768 < exam mark < -1
BOUND9 coursework mark = 26 from HEPS5: 26 < coursework mark < 32767
BOUNDOYfout coursework mark = 25 fram)* EP5: 26 < coursework mark < 32767
BOUND1p coursework mark = 32767 from  EP5: 26 < coursework mark < 32767
BOUND1p-out  coursework mark = 32768 from  EP5: 26 < coursework mark < 32767
BOUND1[ coursework mark =-32768 from  EP6: -32768 < coursework mark < -1
BOUND1[l-out  coursework mark="-32769 from  EP6: -32768 < coursework mark < -1
BOUND1p courseworkumark = -1 from  EPé6: -32768 < coursework mark < -1
BOUND1R-out  coursewprk mark =0 from  EPé6: -32768 < coursework mark < -1
BOUND1B total’'mark = 70 from  EP7: 70 < total mark < 100
BOUND1B-out «-xtotal mark = 69 from  EP7: 70 < total mark < 100
BOUND14# total mark = 100 from  EP7: 70 < total mark < 100
BOUND14-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
BOUND19-out total mark =-1 from  EP10: 0 <total mark <29
BOUNDZ20 total mark = 29 from  EP107 O totatmark < 29
BOUND20-out total mark =30 from  EP10: O <total mark <29
BOUND21 total mark = 101 from  EP11: 101 < total mark<32767
BOUND21-out  total mark =100 from  EP11: 101 < totalmark < 32767
BOUND22 total mark = 32767 from  EP11: 101 s€etal mark < 32767
BOUND22-out  total mark =32768 from  EP11: 10%¥.% total mark < 32767
BOUND23 total mark =-32768 from  EP12:(-32768 < total mark < -1
BOUND23-out total mark =-32769 from  ERI2: -32768 <total mark<-1
BOUND24 total mark = -1 from O'EP12: -32768 <total mark <-1
BOUND24-out total mark=0 frem  EP12: -32768 <total mark<-1
B

-

TCOVER1
TCOVER?2
TCOVER3
TCOVER4
T
T

exam mark=0
exam mark = 75
coursework mark =0

coursework mark = 25

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

pcause several of the equivalence partitions are contiguous (i.e. they share a common bgundary),
He second value identified as being an incremental distance outside the boundary of the pgrtition is
offten a duplicate of the boundary value of'the next partition. For instance, BOUND1-out is a dujplicate of
DUNDS8 as EP1 and EP4 share a commen boundary.

BOUND1 and BOUNDS8-out
BOUND2 and BOUNDS5-out
BOUND3 and BOUND12-out

BOUND4 and BOUND9-out

[OVERS exam mark = 76 BOUND5 and BOUND2-out
CLOVER6 exam mark = 32767 BOUNDG6
TCOVER?7 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

TCOVER17 total mark = 70 BOUND13 and BOUND16-out
TCOVERTS Total mark = 100 BOUNDIZand BOUNDZT-out

TCOVER19 total mark = 50 BOUND15 and BOUND18-out
TCOVERZ20 total mark = 69 BOUND16 and BOUND13-out
TCOVER21 total mark = 30 BOUND17 and BOUND20-out
TCOVERZ22 total mark = 49 BOUND18 and BOUND15-out
TCOVERZ23 total mark =0 BOUND19 and BOUND24-out
TCOVERZ24 total mark = 29 BOUND20and BOUND17-out
TCOVER25 total mark = 101 BOUND21 and BOUND14-out
TCOVER26 total mark = 32767 BOUND22

TCOVERZ27 total mark = 32768 BOUND22-out

TCOVER28 total mark = -32768 BOUND23

TCOVERZ29 total mark =-32769 BOUND23-out

TCOVER30 total mark = -1 BOUND24 and BOUND19-out

NOTE 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 casgs can now be deriyed to cover the test coverage items that were identified in the previotis
step. Ong-to-one boundary value analysis can be used to derive one test case per test coverage item; pr
minimiz¢d boundary.value analysis can be used to derive the minimum number of test cases requir¢d
to cover all test coverage items. This example uses one-to-one boundary value analysis.

The precpndjtions of all test cases for the generate_grading function are the same: the applicationl|is
ready to taKe the inputs of exam and coursework mark.

As 100 % boundary coverage is required and one-to-one boundary value analysis is used, then 8 test
cases can be derived for the input exam mark, as shown in Table B.12. Each test case is derived as
follows: first, select one boundary value (test coverage item) for inclusion in each test case; second,
allocate 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)
Test coverage item 'I}::%(?l‘é TCOVER1 | TCOVERG6 | TCOVER8 | TCOVER2 | TCOVERS5 | TCOVER7 | TCOVER9
EAPCLLC!; output 'FIVI' 'D' 'FTVT 'FIVI' 'A' 'FIVI' = =

(or:

U
(oF:

Table B.13 — Test cases for coursework mark:

The exam mark inputs for TCOVER7 and TCOVER9 cannot be represented using 16 bitslar|d so test
ses 7 and 8 are considered to be infeasible.

bing the same approach, and setting the input exam mark to an arbitrary valid‘value of 40, the test
ses derived for the input coursework mark are shown in Table B.13.

Test case 9 10 11 12 13 14 15 16
Input (exam mark) 40 40 40 40 40 40 - -
[nput (coursework 1 0 25 26 32767 | -32768 | 32768 ||-32769
mark)
tptal mark (as calcu- 39 40 65 66 i 32728 i )
lated)
. TCOV- TCOV- TCOV- TCOV- TCOV- TCOV-
Test coverage item ER16 TCOVER3 | TCOVER% ER11 ER1?2 ER14 ER13 ER1S
Expected output 'FM' 'C' ‘Bj 'FM' 'FM' ‘FM’ - -
The coursework mark inputs for TCOVERT3'and TCOVER15 cannot be represented using 16 bits and so
test cases 15 and 16 are considered to be infeasible.
Using the same approach, and given that the input values of exam mark and coursework njark have

o)
in

Table B.14 — Test cases for total mark

en derived from total mark (which is their sum), the test cases derived for the total mark afe shown
Table B.14 and Table B.15.

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

mank)
totalmark (as calcu- 1 0 49 50 29 30 69
lated)
Festcoverageitem—TEOVER 30 FCOVER 23TTEOVER 22 TTEOVER T FEOVER 24T TEOVER 24 TFEOVER 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 should be noted that when invalid input values are used that can be represented in 16 bits (as above,
in test cases 1, 3,4, 6,9, 12, 13, 14, 17, 22, 26, 27 and 28) it may, depending on the implementation, be
impossible to actually execute the test case. For instance, in the Ada programming language, if the¢'input
variable |s declared as a positive integer then it will not be possible to assign a negative value to fit.
Despite this, it is still worthwhile considering all the test cases for completeness.

The abovie test suite achieves 100 % boundary value coverage for 2-value boundary value.analysis as|it
enables 3ll feasible identified test coverage items to be exercised by at least one testcase. Lower levels
of coverajge would be achieved if some of the feasible identified boundaries were not exercised.

B.2.3.7 |Boundary Value Analysis Coverage
Using thq definitions provided in 6.2.3 and the feasible test cases identifiéd above:

ﬁ><100 %=100%
24

Cboundary_values =

Thus, 100 % coverage for boundary value analysis has beendchieved.

B.2.4 Syntax testing

B.2.4.1 |General

The aim Jof syntax testing is to derive a setiof 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 basi§ of the test item to model its behaviour by means of a description of the input via its syntgx.
The technique is illustrated by means:of a worked example. The technique is only effective to the extent
that the Jyntax as defined corresponds to the required syntax.

B.2.4.2 |Test basis

Consider|a test item that-simply checks whether an input float_in conforms to the syntax of a floating
point nuinber, float(defined below). The test item outputs check_res, which takes the form "valid" pr
"invalid"[dependent.on the result of its check.

Here is ajrepresentation of the syntax for the floating point number, float in Backus Naur Form (BNF)

flpatk = int "e" int

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

nat = {dig}

dig o "O"l"l"l"z"l"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 Other mutations can be used, depending on which types of defects are the focus of testing.

BJ2.4.4 Create test model (TD1)

The first step is to derive the test model from the syntax with the input parameters\in the syntax

f

B
Tl
a
"U

\'%
Tl

N

ng

N

ming the model, as follows:
INPUT1 float = int "e" int
INPUT2 int = ["+"|"-"] nat
INPUT3 nat = {dig}
INPUT4 dig="0"|"1"["2"]"3"["4"|"5"|"6"|"7"|"8"| 49"

2.4.5 Identify test coverage items (TD2)

hvalid test coverage items) of the defined syntax (see 5.2.4.2 for definitions of “opti
hutations”).

nere are three test coverage items that caibe derived for the “+” and “-” signs of INPUT2:
TCOVER1: there is no "+%or "-" sign (for INPUT2 & INPUT1)
TCOVER2: there isa "+" sign (for INPUT2 & INPUT1)
TCOVERS3: thereis a"-" sign (for INPUT2 & INPUT1)

t has two test coyeérage items:

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

TCOVERS: nat is a multiple digit number (for INPUT3 & INPUT2)

DTE-2~ Separate test coverage items can be derived for the first and second instances of nat if requ

e test coverage items for syntax testing are the “options” (valid test coverage items) and “mutations”

bns” and

1lid test coverage items can be derived for the'elements on the right hand side of the BNF definition.

DTE 1  Separate test coverage items can be derived for the first and second instances of “+” and “-"if required.

red.

dig 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)
TCOVER15: integer isa “9” (for INPUT4 & INPUT3)

There ar¢gthustifteenmr vatid testtoverage itemts thattam be defimed:

The invalid test coverage items are identified by using the given checklist of generic mutatiagnsi(s

B.2.4.3). [hese generic mutations are applied to the individual elements of the syntax to yield ispecifi

mutation|s:
TCOYER16 apply m1 to first “int” (for INRUT1)
TCOYER17: apply m1 to “&” (fo™INPUT1)
TCOYER18: apply m1 to second “int” (for INPUT1)
TCOYER19: apply m1 to “["+"|"-"1" (for INPUT2)
TCOYER20: apply m1 to “nat” (for INPUT?2)
TCOYER21: apply m2 to substitute “e” for first “int” (for INPUT1)
TCOYER22: apply m2 to substitute “"+"|"-"1” first “Ght” (for INPUT1 & INPUT?2)
TCOYER23: apply m2 to substitute first “int” for¢e” (for INPUT1)
TCOVYERZ24: apply m2 to substitute “["+"| "-* for “e” (for INPUT1 & INPUT2)
TCOYER25: apply m2 to substitute “e” {6t second “int” (for INPUT1)
TCOYER26: apply m2 to substitute1"+"|"-"1” for second “int” (for INPUT1)
TCOVYER27: apply m2 to substitute “¢” for “"+"|"-"1" (for INPUT1 & INPUT2)
TCOVER28: apply m2 to'substitute “e” for “nat” (for INPUT1 & INPUT2)
TCOYER29: apply m2 to substitute “["+"|"-"1” for “nat” (for INPUT1 & INPUT?2)
TCOYER30: apply m3 to first “int” (for INPUT1)
TCOYER3I: “apply m3 to “e” (for INPUT1)
TCOVYER32: 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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TCOVER39: apply m4 to add element between first “int” and “e” (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 pes]]lt]ng;;al]d 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 ‘chéck_res’

TC1 3e2 TCOVER1 'valid'

TC2 +2e+5 TCOVER2 ‘valid'

TC3 -6e-7 TCOVER3 'valid'

TC 4 6e-2 TCOVER4 'valid'

TC5 1234567890e3 TCOVERS5 'valid'

TC6 0e0 TCOVER6 'valid'

TC7 lel TCOVER7 'valid'

TC8 2e2 TCOVERS8 'valid'

TCO9 3e3 TCOVERS 'valid'

TC 10 4e4 TCOVER10 'valid'

TC11 5e5 TEOVER11 'valid'

TC 12 6e6 TCOVER12 'valid'

TC 13 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 three test
cdses, for example, 2, 3 and 5;above), and some test cases will exercise more options than the single

onpe listed in the “Test coverage item” column. Each option has been treated separately here to aid
umnderstanding of their derivation. This approach may also contribute to the ease with which the causes
off failures are located.

Invalid test cases.are derived by selecting one or more mutations for inclusion in the current fest case,
identifying inputs to exercise the mutation(s) and determining the expected result (in this casg, ‘check_
rgs’). The resulting invalid test cases are shown in Table B.21.

Table B.21 — Invalid test cases for syntax testing

Testcase Tnput float_m Mutation Testcoverage ftem ExXpected resuit check_res’
TC 16 xe0 m1l TCOVER16 ‘invalid’
TC 17 0x0 m1l TCOVER17 ‘invalid’
TC 18 Oex m1l TCOVER18 ‘invalid’
TC19 x0e0 m1l TCOVER19 ‘invalid’
TC 20 +xe0 m1l TCOVER20 ‘invalid’
TC 21 eel m2 TCOVER21 ‘invalid’
TC 22 +e0 m2 TCOVER22 ‘invalid’
TC 23 000 m2 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’
TC 29 ++e0 m2 TCOVER29 ‘invalid’
TC 30 a0 m3 TCOVER30 ‘invalid’
TC 31 00 m3 TCOVER31 ‘invalid’
TC 32 Oe m3 TCOVER32 ‘invalid’
TC 33 y0e0 m4 TCOVER33 ‘invalid’
TC 34 Oye0 m4 TCOVER34 ‘invalid”
TC 35 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’

Some of the mutations are indistinguishable from correctly formed-expansions and these have be

En

discardedl. For example, the generic mutation m2 (substitute INPUT2 for INPUT4) generates correct
syntax a§ m2 is “substitute an element with another defined elément” and INPUT2 and INPUT4 are the
same (inf).

Some of
single te
element”
same inp

the remaining mutations are indistinguishable from each other and these are covered by
5t case. For example, applying the genericémutation m1 (“introduce an invalid value for :

by replacing INPUT4, which should be awjinteger, with “+” creates the form “Oe+". This is tl
it as generated for test case 26 above.

hin
ne

Many mqre test cases can be created by .faking different choices when using single mutations pr
combinirjg mutations.

B.2.4.7 |Syntax testing coverage

As stated in 6.2.4, there is no approach for calculating test coverage item coverage for syntax testing.

B.2.5 (ombinatorialtest design techniques

B.2.5.1 |General

The aim| of egémbinatorial testing is to reduce the cost of testing by deriving a small (possibly
minimal) niunber 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 valuks
that have previously been selected, such as through the application of other specification-based test
design techniques like equivalence partitioning or boundary value analysis. Each technique will be
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 output
“Heject™

BJ2.5.3 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);

— base choice testing (see B.2.5.8).

B{2.5.4 Create test model (TD1)

Eyery combinatorial technique shares a common apptoach to creating the test model. The tg¢st model
isimade up of each parameter (P) of the test item€aking on a specific value (V), resulting ip one P-V
pair. This is repeated until all parameters are pairéd with their corresponding values. For thg example
above, this results in the following P-V pairs:

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

PV5:  C(Class - Business

PV6:  ClassvEconomy
PV7: Seat - Aisle

PV8: Seat - Window

Bi{2.555 All combinations

B.2.5.5.1 Identify test coverage items (TD2)

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:
TCOVERS:
TCOVER®6:
TCOVER?7:
TCOVERS:

Destination - Paris,
Destination - Paris,
Destination - Paris,
Destination - London,

Destination - London,

Class - Business,
Class - Economy,
Class - Economy,
Class - First,

Class - First,

Seat - Window
Seat - Aisle
Seat - Window
Seat - Aisle

Seat - Window

(for PV 1,5, 8)
(forPV 1,6,7)
(for PV 1,6, 8)
(for PV 2,4, 7)
(for PV 2, 4, 8)

TCOYER®S:

TCOVYER10:

TCOYER11:

TCOYER12:

TCOVYER13:

TCOYER14:

TCOYER15:

TCOVYER16:

TCOYER17:

TCOYER18:

B.2.5.5.2

Test casqs are derived by selecting one P-V paifand combining it with every other P-V pair from
other pafameters (where each combination creates exactly one test case), identifying arbitrary valid
values to| exercise any other input variable\required by the test case, determining the expected rest
and repefating until the required coverage is achieved. In this example, this results in the test cas

Destination — Londorn,
Destination - London,
Destination - London,
Destination — London,
Destination - Sydney,
Destination - Sydney,
Destination - Sydney,
Destination - Sydney,
Destination - Sydney,

Destination - Sydney,

Derive test cases (TD3)

shown in| Table B.22.

Class— BUSINESS,
Class - Business,
Class - Economy,
Class - Economy,
Class - First,

Class - First,

Class - Business,
Class - Business,
Class - Economy,

Class - Economy,

Seat—Aiste
Seat - Window
Seat - Aisle
Seat - Window
Seat - Aisle
Seat - Windew,
Seat - Alsle
Seat="Window
Seat - Aisle

Seat - Window

Table B.22 — Test cases for all combinations testing

(for PV-2,5,7)
(for PV 2,5, 8)
(for PV 2,6,7)
(for,PV 2, 6, 8)
(for PV 3,4, 7)
(for PV 3,4, 8)
(for PV 3,5,7)
(for PV 3,5, 8)
(for PV 3,6, 7)
(for PV 3,6, 8)

11

1t
es

Test Input values Expected | Testcoverage item
case# | péspination 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
6 Paris Economy Window Accept TCOVERG6
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)

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 TCOVER18

BJ2.5.5.3 All combinations testing coverage
Using the definitions provided in 6.2.5.1 and the test coverage items derived above:

18

C —x100%=100%
18

all_combinations =
Thus, 100 % coverage of test coverage items for all-combinations testing lias been achieved.
B{2.5.6 Pair-wise testing

BJ2.5.6.1 Identify test coverage items (TD2)

I pair-wise testing, test coverage items are identified as\the unique pairs of P-V pairs for|different
pdrameters. For the travel_preference example, the following test coverage items can be defined:

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

TCOVER10:
JCOVER11:

Paris, First

Paris, Business
Paris, Economy
London, First
London, Businéss
London,Economy
Sydney, First
Sydney, Business
Sydney, Economy
Paris, Aisle

Paris, Window

(for'PV1, 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, PVB)

TCOVER12:
TCOVER13:
TCOVER14:
TCOVER15:
TCOVER16:
TCOVER17:

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

First, Window
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(for PV2, PV7)
(for PV2, PV8)
(for PV3, PV7)
(for PV3, PV8)
(for PV4, PV7)
(for PV4, PV8)
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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 casgs are derived by selecting one or more unique pairs of P-V pairs (test coverage items). fi
inclusion|in the current test case, selecting arbitrary valid values for any other input variable requir¢
by the tgst case, determining the expected result of the test and repeating until all P-V pairs wi
different| parameters are included in at least one test case. In this example, three P-V pairs can |

included

in all test cases. See Table B.23.

Table B.23 — Test cases pair-wise testing

br
pd
th
he

Test case Input values Expected Test coyerage items

# Destination Class Seat result
1 Paris First Aisle Accept TCOVERT, TCOVER10, TCOVER16
2 Paris Business Window Accept TCOVER2, TCOVER11, TCOVER19
3 Paris Economy Aisle Accept TCOVER3, TCOVER10, TCOVER20
4 London First Aisle Accept TCOVER4, TCOVER12, TCOVER16
5 London Business Window Accept TCOVERS5, TCOVER13, TCOVER19
6 London Economy Aisle Accept TCOVER6, TCOVER12, TCOVER20
7 Sydney First Window Agcept TCOVER7, TCOVER15, TCOVER17
8 Sydney Business Aisle Accept TCOVERS8, TCOVER14, TCOVER18
9 Sydney Economy Window Accept TCOVERY, TCOVER15, TCOVER21

B.2.5.6.3] Pair-wise testing coverage

Using thq definitions provided in 6.2.5:2 and the test coverage items derived above:

21

Cpair_ ise =Zx100%=100%

Thus, 100 % coverage of.test coverage items for pair-wise testing has been achieved.

B.2.5.7

B.2.5.7.1

Each cheice testing

Identify test coverage items (TD2)

In each ¢

preference example, the following test coverage items can be 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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TCOVERG6: Class - Economy
TCOVER7: Seat- Aisle
TCOVERS8: Seat- Window

B.2.5.7.2 Derive test cases (TD3)

(for PV6)
(for PV7)
(for PV8)
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Each choice test cases are derived by selecting one or more P-V pairs for inclusion in the current test case,

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

Table B.24 — Test cases for each choice testing

ining the
example,

Test case Input values Expected Testcoverage items
# Destination Class Seat result
Paris First Aisle Accept TCOVER1, TCOVER4, TCOVER7
London Business Window Accept TCOVER2, TCOVERS5, TCOVERS
Sydney Economy Aisle Accept TCOVER3, TCOVER6, TCOVER7
Npte that other test cases can be derived that would also achieve the required level of coveragg.

8}

Tl

B

B

Tq
p3
in
th
th

C

each_choice —

2.5.8.1

e base chaice:

TCOVER1:

%xlOO %=100%

2.5.8 Base choice testing

Destination - London,

2.5.7.3 Each choice testing coverage

Identify test coverage items (TD2)

Class - Economy,

bing the definitions provided in 6.2.5.3 and the test ¢overage items derived above:

us, 100 % coverage of test coverage. items for each choice testing has been achieved.

st coverage items for ‘base choice testing are chosen by selecting a “base choice” value
irameter. For example, the base choice can be chosen from the operational profile, from the ain path
use case testing ot from the test coverage items that are derived during equivalence partit
is example, the operational profile may indicate that the following input values should be ¢hosen as

Seat - Window

for each

oning. In

(PV2, PV6 & PV8)

nalrs:

TCOVER2
TCOVER3
TCOVER4
TCOVERS

TCOVER6

Destination - Paris,

Destination - Sydney,
Destination - London,
Destination - London,

Destination — London,
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Class - Economy,
Class - Economy,
Class - First,

Class - Business,

Class - Economy,

Pttt

Seat - Window
Seat - Window
Seat - Window
Seat - Window

Seat - Aisle

(PV1, PV6 & PV8)
(PV3, PV6 & PV8)
(PV2, PV4 & PV8)
(PV2, PV5 & PV8)
(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.

B.2.5.8.3

Using thg

Cbase
Thus, 10
B.2.6 [

B.2.6.1

The aim
between
decision

B.2.6.2

I'able b.Z5 — Test cases Ior 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 TCOVERS
6 London Economy Aisle Accept TCOVER6
Base choice testing coverage
definitions provided in 6.2.5.4 and the test coverage items derived above:
_6 100 %=100%
choice —gX 0= 0
% coverage of test coverage items for base choice testing has been achieved.
ecision table testing

General

of decision table testing.is’to derive a set of test cases that cover the logical associatio
inputs and outputs (which are represented as a series of conditions and actions) associated |
Fules according to the chosen level of condition and action coverage.

Test basis

hs
by

Take a c

eque debit-function whose inputs are debit amount, account type and current balance a

d

whose oytputs are/new balance and action code. Account type may be postal ('p') or counter ('c'). The
e may be 'D&L, 'D', 'S&L' or 'L, corresponding to 'process debit and send out letter’, ‘procefs
debit only!Usuispend account and send out letter' and 'send out letter only' respectively. The functign

action c

has the féHewingtestbasis:

If there are sufficient funds available in the account or the new balance would be within the
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 table.
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 conditions.
A 'T" indicates that the condition must be TRUE for the decision rule to apply and an 'F' indicates that

e—conrdittorrmustbeT+A or-the-deeiston—rite-to-apply—tnthe—secondpart—each-deeisign rule is
tabulated against the actions. A 'T" indicates that the action will be performed; an 'F' indicate§ that the
adtion will not be performed; an asterisk (*) indicates that the combination of conditiofis 1s infeasible
and so no actions are defined for the decision rule. Two or more columns may be,combingd if they
cqntain a Boolean condition that does not affect the outcome regardless of its valug,

The example has the decision table shown as Table B.26, which identifies 8 decision rules, 6|of which
atle feasible and hence results in the definition of 6 test coverage items.

Table B.26 — Decision table of the cheque debit fanction

Decision rules: 1 2 3 4 5 6 7 8
Cpnditions C1: New balance in credit F F F F T 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
Alctions 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 * *

NPTE1  Although “T” and “F” have beenwised in Table B.26 to denote “True” and “False”, other notatipns can be
uded (e.g. the words “true” and “false” cabe used instead).

NOTE 2  In Table B.26, both conditions and actions are binary (T or F) conditions, which results in g “limited-
erfltry” decision table. In “extended.entry” decision tables, conditions and/or actions can assume multigle values.

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 Taple B.26).

BJ2.6.6 Derive test cases (TD3)

Tgst cases-dare derived by selecting one or more feasible decision rules from the decision fable at a
time that have not yet been covered by a test case, identifying inputs to exercise the conditipn(s) and
aqtions(s) of the decision rule and arbitrary valid values for any other input variables requirgd by the
testcase, determmiming theexpected Tesultand Tepeating these steps untitthe Tequiredtevel of test
coverage is achieved. The test cases shown in Table B.27 would be required to achieve 100 % decision
table coverage, and correspond to the decision rules in Table B.26 (no test cases are derived for decision
rules 7 and 8 since they are infeasible):

Table B.27 — Test case table of the cheque debit function

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 e £1666 £2466 £1266 £560 B 5
6 'p' £500 £250 £150 £100 'D&L 6

B.2.6.7 |Decision table testing coverage

Using thq definitions provided in 6.2.6 and the test coverage items derived above:
6
Cdecismn_table :EX]-OO %=100%

Thus, 100 % coverage of test coverage items for decision table testing has peen achieved.

B.2.7 (ause-effect graphing

B.2.7.1 |General

The aim Jof cause-effect graphing is to derive test cases_that cover the logical relationships betwegn
causes (g.g. inputs) and effects (e.g. outputs) of a test item according to a chosen level of coverage.
The techhique utilises a notation that allows a cause-effect graph of the test item to be designed thiat
illustratds relationships between causes and effects,as well as explicit constraints placed on causes and
effects. This differs from decision table testing inwhich constraints are not explicitly stated.

B.2.7.2 |Test basis

Take a cheque debit function whose irniputs are debit amount, account type and current balance and
whose oytputs are new balance and-action code. Account type may be postal ('p') or counter ('c'). The
action code may be 'D&L), 'D’, 'S&Lor 'L, corresponding to 'process debit and send out letter’, 'procegs
debit only’, 'suspend account and send out letter' and 'send out letter only' respectively. The functipn
has the following test basis:

If there are sufficient funds available in the account or the new balance would be within the
authprised overdraft limit then the debit is processed. If the new balance would exceed the
authprised oyerdraft limit then the debit is not processed and if it is a postal account it is suspended.
Lettgrs are sent out for all transactions on postal accounts and for non-postal accounts if there afe
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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Cc3

(i@@

Figure B.4 — Cause-effect graph of the cheque debit function (see Figure B.5 for not4

DTE1  The “empty” node that connects C1/C2 to A1/A2/A3 is a connector node that is used to grou
o or more causes.
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Node Y is true onlydf X'is true
IfX=TthenY =Télse Y=F

Node Y isitrue only if X is false
IfX=FthenY=TelseY=F

Node Z is true only if both X and Y are true
IfX=TandY=TthenZ=Telse Z=F

Node Z is true only if either X or Y are true
IfX=TorY=TthenZ=Telse Z=F

Node Z is true only if either X or Y or both ar
IfX=ForY=FthenZ=FelseZ=T

Node Z is true only if neither X nor Y are true]

tion)

b together

b false

IfX=TorY=TthenZ=FelseZ=T

§

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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Figure

B.2.7.5

The caus|
which en
table). Eg

Cause Constraints

Exclusive Cause X and cause Y cannot be simultaneously true

IfX=1thenY =0, ifY=1then X =0, can be
simultaneously false

: IfX=0thenY =1,ifY=0then X =1, can be

! simultaneously true

g

4§64

One and One and only one of cause X and cause Y must be true
only one
e IfX=1thenY =0, if Y=1then X =0, carinot be
simultaneously true or false
Requires Cause Y must be true whénever cause X is true

IfX=1thenY=1,ifX=0thenY=10rY=0

/N
ONO

Effect Constraints

Masks Effect Y will be forced false whenever effect X is true

IfX=1thenY =0

X

B.6 — Notation forrepresenting cause and effect constraints in cause-effect graphing

Identify test\.coverage items (TD2)

e-effect(graph is next recast in terms of a decision table (e.g. see References [19] and [20

clycelumn of the decision table is a decision rule. The table comprises two parts. In the fiq

ables‘identification of the test coverage items (i.e. the feasible decision rules in the decisign

decCision rule is tabulated against the causes. A 'T" indicates that the cause must be TRUE ff

part each

)

St
r

the decision rule to apply and an 'F' indicates that the cause must be FALSE for the decision rule to apply.
In the second part, each decision rule is tabulated against the effects. A 'T" indicates that the effect will
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 example has the decision table shown as Table B.28, which identifies six test coverage items

(decision

rules 7 and 8 are not test coverage items since they are infeasible).

Table B.28 — Decision table of the cheque debit function

D

ecision rules: 1 2 3 4 5 6 7 8

C

1: New balance in credit F F F F
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Decision rules: 1 2 3 4 5 6 8
C2: New balance overdraft, F F T T F F T
but within authorised limit

C3: Account s postal F T F T F T T
A1: Process debit F F T T T T *
A2: Suspend account F T F F F F *
A2 Gl Tore T ™ ™ T r T x

2.7.6 Derive test cases (TD3)

Table B.29 — Test case table of the chequé€ debit function

st cases are derived by selecting one or more feasible decision rules from the degision table
ngt been included in a test case, identifying inputs to exercise the causes(s) and effects(s) of the decision
le and arbitrary valid values for any other input variable required by the tést'case, determlining the
pected result of the test case, and repeating these steps until all feasible decision rules are| covered.
ne test cases shown in Table B.29 achieve 100 % cause-effect coverageand’correspond to thg decision
les in Table B.28 (no test cases are generated for decision rules 7 and/8"as they are infeasiblg).

that have

CAUSES/INPUTS EFFECTS/RESULTS
Account Overdraft Current Debit New Action Test chverage
Test case type limit balance amount 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 ' £750 500 £200 -£700 'D&L 4
5 'c' £1000 £2100 £1200 £900 'D' 5
6 p' £500 £250 £150 £100 'D&L 6
BJ2.7.7 Cause-effect graphing coverage

§)

Tl

B

C

C

ause-effect —

gx100 %=100%

2.8(_State transition testing

bing the definitions previded in 6.2.7 and the test coverage items derived above:

us, 100, 9%<coverage of test coverage items for cause-effect graphing has been achieved.

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
display mode to be set to the corresponding 'alter time' or 'alter date' modes. The 'Time Set' input
request shall cause the display mode to return to 'display time' from ‘'alter time' while similarly the
'Date Set' input request shall cause the display mode to return to 'display date' from 'alter date".

B.2.8.3 |Determine required test coverage
The following levels of test coverage will be achieved for state transition testing of this exaniple:

— 0-swlitch (see B.2.8.5 and B.2.8.6);

— all trjansitions (see B.2.8.7 and B.2.8.8);

— 1-swijitch coverage (see B.2.8.9 and B.2.8.10).

B.2.8.4 |Create test model (TD1)

B.2.8.4.1] General

A state nodel is produced as the test model for state transition testing.

B.2.8.4.2] Test model for achieving switch coverage

State trajnsition diagrams (STD) are most commonly used as state models when the required test
coverage|is a form of switch coverage. This is becalise switch coverage requires valid transitions to be
exercised and these are a major attribute of state'transition diagrams. The notation for state transitign
diagramg is illustrated below.

A STD cansists of states, transition, evefits and actions (see Figure B.7). Events are always caused by
input. Sirpilarly, actions are likely to cause output. The output from an action may be essential in order
to identifly the current state of the test item. A transition is determined by the current state and an evept
and is ndrmally labelled simply ‘with the event and action. As explained in 5.2.8.1, in state transitipn
testing the test coverage mayiextend to all states of the state model, all transitions of the state model pr
the entirg¢ 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 © ISO/IEC 2021 - All rights reserved
© IEEE 2021 - All rights reserved


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

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

‘reset’ (R)
alter time (AT)
DISPLAYING ’ CHANGING TIME
TIME (S1) (S3)
< .
‘time set’ (TS)
T display time (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-foer manage_display_changes

Bj2.8.4.3 Test model for achieving all transition coverage

Stlate tables are often used as state models *when the required test coverage includes attempting
tq exercise invalid transitions. This is bécause a state table explicitly shows both valid and invalid
trpnsitions, whereas the state transitionidiagram only explicitly shows valid transitions (all trgnsitions
ngt shown are considered invalid). Qfte notation used for state tables is briefly described in Table B.30.

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 statetable for manage_display_changes is shown as Table B.31.

—————TFable B-:31+—State-table formanage—display—echanges

CM R TS DS
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 null
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

TCOVERZ: S1 to S3 with input R

TCOVERZ: S2 to S1 with input CM

TCOVER4 S2 to S4 with input R

TCOVER}: S3 to S1 with input TS

TCOVERG®: S4 to S2 with input DS

B.2.8.6 |Derive test cases for 0-switch coverage (TD3)

exercise the valid transitions can be determined from the state'‘transition diagram (STD),
xpected result, which can be determined by combining the expected output and final state
ition in the STD.

Inputs to
can the e
the trans

)
of

The six ]
selecting
from the

est cases shown in Table B.32 provide 0-switch test coverage. Each test case is derived by
a test coverage item (a transition) and identifying the inputs, expected output and final state
STD until all valid transitions are covered by a test case.

Table B.32 — 0-switch test cases-for manage_display_changes

Test Case 1 2 3 4 5 6

Start State S1 S 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 TCOVER1 | TCOVER2 | TCOVER3 | TCOVER4 | TCOVERS5 | TCOVER6
NOTE A test procedure can'be written for the six text cases in Table B.32 that would allow them to pe
executed $equentially 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).
This inditates thatfortest case 1, the starting state is DISPLAYING TIME (S1), the input is '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
1987[@]). . - - - . . . Y. S

of faults because although they will detect the most obvious incorrect transitions and outputs, they will
not detect more subtle faults that are only detectable through exercising sequences of transitions.

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/- S2/+
(TCOVER3) (TCOVER4) (TCOVER9) (TCOVER10)
o S3/- S3/- S1/T S3/-
(TCOVER11) (TCOVER12) (TCOVERS) (TCOVER13)
y S4/- S4/- S4/- S2/D
(TCOVER14) (TCOVER15) (TCOVER16) (TCOVERG6)

TCOVER1: S1 to S2 with input CM (valid transition)
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®6: S4 to S2 with input DS (valid transition)
TCOVER?7: S1 to S1 withlinput TS (invalid transition)
TCOVERS: S1 to S1with input DS (invalid transition)
TCOVERO: S2-¥0'S2 with input TS (invalid transition)
TCOVER10: S2 to S2 with input DS (invalid transition)
TCOVER11: S3 to S3 with input CM (invalid transition)
TCOVER12 S3 to S3 with input R (invalid transition)
TEOVERTS: S3-to-S3-with-inputBS tinvatid-transition

The following test coverage items were identified from the state\table above for all transitions

roverage:

TCOVER14:
TCOVER15:
TCOVER16:

S4 to S4 with input CM
S4 to S4 with input R

S4 to S4 with input TS

(invalid transition)
(invalid transition)

(invalid transition)

The first six test coverage items are the same as those identified to achieve 0-switch coverage (see

B.2.8.5).

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

83


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

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

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 “-“ 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
Input TS DS TS DS CM R DS CM R TS
Expected - - - - - - - - < -
output

Finish stgte S1 S1 S2 S2 S3 S3 S3 S4 S4 S4
Test coverage | TCOV- | TCOV- | TCOV- | TCOV- | TCOV- | TCOV- | TCOV- | FCQV- | TCOV- | TCOV
item ER7 ER8 ER9 ER10 ER11 ER12 ER13 ER14 ER15 ER16

As Table|B.34 shows, test cases that cover invalid test coverage itemsishould not cause a transitign
away from the starting state (i.e. the start and finish states are the same). The test cases in Tables B.33
and B.34|combined will achieve all transitions coverage.

B.2.8.9 |Identify test coverage items - 1-switch testing (TDZ2)

For 1-swjtch coverage, pairs of possible transitions need/to" be exercised. The following test coverage
items carn be identified from the STD to achieve 1-switchcoverage:

TCOYER17: S1 to S2 to S1 with inputs CM~and CM
TCOYER18: S1 to S2 to S4 with inputs'CM and R
TCOVYER19: S1 to S3 to S1 withdnputs Rand TS
TCOVYERZ20: S3 to S1 to S2:with inputs TS and CM
TCOVYER21 S3 to S1ito S3 with inputs TS and R
TCOVYER22: S2 x0:S1 to S2 with inputs CM and CM
TCOVYER23: S2'to S1 to S3 with inputs CM and R

TCOVER24: S2 to S4 to S2 with inputs R and DS

TCOYER?25: S4 to S2 to S1 with inputs DS and CM

TCOVERZ26: S4 to S2 to S4 with inputs DS and R

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.

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
Expected output T | AD| T D | AT D | AT D T | AD
Einish state S S4 S S2 S3 S2 S3 S2 S 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 trapsition the starting
sthte is DISPLAYING TIME (S1), the initial input is 'change mode' (CM), the intermediate \€xpected|output is
digplay 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 {s DISPLAYING TIME (S1).
The intermediate states, and the inputs and outputs for each transition, are explicitty-defined.
Longer sequences of transitions can be tested to achieve higher levels ofSwitch coverage, depgndent on
the level of test thoroughness required.
BJ2.8.11 State transition testing coverage
Using the definitions provided in 6.2.8 and the test coveragé-items 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-switch
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 accprding to
the chosen'level of coverage. Scenario testing is based upon an analysis of the test basis to groduce a
del ofits behaviour in terms of sequences of actions that constitute workflows through the test item.

T

ere‘are two types of scenario testing demonstrated in B.2.9.2 and B.2.9.3. The first examplg is based

on a generic form of the technique, while the second 1s a specific example based on use cases.

B.

B.

2.9.2 Scenario testing - example 1

2.9.2.1 Test basis

Consider a test item withdraw_cash that forms part of the system that drives an automated teller

m

achine (ATM), and which has the following test basis:

The withdraw_cash function allows customers with bank accounts to withdraw funds from their
account via an ATM. A withdrawal can only be made by a user with an open bank account, a valid 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.

Alternat

ive scenarios

Withdrav
— theu
— theuy
— they
— theu
— they
— the
— therg¢
— they
— they
— therg

NOTE
in the pro

B.2.9.2.2

Coverage

B.2.9.2.3

To enablg
the scen
diagram.
the work
(U) or sy

val not approved, because:
ser's bank card is rejected as it is unrecognized by the ATM
ser enters their PIN incorrectly up to 2 times
ser enters their PIN incorrectly three times, with the ATM retaining the card
ser selects deposit or transfer instead of withdrawal
ser selects an incorrect account that does not exist on the entered card
Fithdrawal amount entered by the user is invalid
is insufficient cash in the ATM
ser enters a non-dispensable amount
ser enters an amount that exceeds their daily allofvance

are insufficient funds in the user’s bank account

Cess, are also possible.

Determine required test coverage

of main and alternative scenarios.

Create test model (TD1)

 the identification\of test coverage items, a model of the test item is produced that identifi

In this notation, the “main” path is represented as a thick black line, the start and end points
flow are ldbelled, and each action is tagged with a unique identifier that designates it as a us
Ktem (S)\(lle. test item) action.

irios (and the activities within them). The example model in Figure B.9 is a flow-of-events

In reality, additional scenarios, which addre§sisituations such as the user pressing cancel at any point

D

S

of
er
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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

$8, S9, U6)

(U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.1, S6, S7,

TCOV
TCOV
TCOV
TCOV
TCOV
TCOV
TCOV
TCOV

TCO\
allow

TCOV

B.2.9.2.5

Test case
the test d
as requir

The thre
based teq
all 11 tes

NOTE 1
input field

(ER2: User’s card is unrecognized by ATM (U1, S1.2, S9, U6)

(ER3: User enters PIN incorrectly < 3 times (U1, S1.1, U2, S2.2)

(ER4: User enters pin incorrectly 3 times (U1,81.1,U02,S2.2,U02,S2.2,U2, S2.3;53)
(ER5: User selects deposit or transfer (U1,S81.1,U02,S2.1,U3.2,S10)

'ER6: User selects incorrect account (U1,S1.1,U02,S2.1,U3.1, U4,84.2)

(ER7: User enters invalid withdrawal amount(U1, S1.1, U2, S2.1, U3.1,\U4, S4.1, U5, S5.2)
'ERS8: Insufficient cash in the ATM (U1,S81.1,U02,S2.1;43.1, U4, S4.1, U5, S5.3)
(ER9: User enters non-dispensable amount (U1, S1.1, U2,§2.1, U3.1, U4, S4.1, U5, S5.4)

'ER10: User enters amount exceeding daily(U1, S14, U2, S2.1, U3.1, U4, S4.1, U5, S5.5)
fance

(ER11: Insufficient funds in user’s account (Y4, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.6)

Derive test cases (TD3)

ed. The steps of the test case aretypically worded in natural language format.

ting. In practice, it would be necessary to derive a further 8 test cases to provide coverage
L coverage items (they would follow the same format as the first three).

Within each test ease, there are a wide variety of input values that can be chosen to populate ea
. Equivalence parttitioning can be used to derive a set of values for populating each input field.

Table B.36 — Test cases for scenario testing

5 are derived by selecting a scenario#o cover, identifying inputs to exercise the path covered by
ase, determining the expected result of the test and repeating until all scenarios are cover¢d

b test cases shown in Tables’B.36 to B.38 provide examples of typical test cases for scenarip-

Test case|# 1

Test caselname Successful withdrawal of funds

Scenario 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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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

Tpst case # 2
Tkst case name User’s card is unrecognized by ATM
Skenario path exercised U1, S1.2,S9, U6

Ipput

Invalid card

Pfre-condition

A withdrawal can only be made by a user with an open)bank account, 3
card and matching pin, and a working ATM

valid

kpected result

Card is rejected by the ATM with an error messdge indicating that the
invalid. The ATM is waiting for the customer to’'remove the invalid car

rard is
.

bst coverage item

TCOVER?2

Table B.38 — Test cases for scenario.testing continued

Test case # 3

Tpst case name User enters PIN incorrectly.X 3 times

Sgenario path exercised U1,S1.1,02,S2,2

Ipput Valid card with valid‘customer account — assume 293910982246 is valig
Invalid PIN enter@d twice — assume 0000 is invalid and does not match ¢ard
ATM Balance —~$100
Customer@ccount Balance - $500

Pre-condition A withdrawal can only be made by a user with an open bank account, a yalid

cardand matching pin, and a working ATM

g5}

kpected result

PIN is rejected by the ATM. System prompts user to re-enter their pin.

—

bst coverage item

TCOVER3

N
py

DTE 2

§)

yal

The test cases shown in Tables B.36 to B.38 are each contained in a separate table for read
actice, they can bejeontained in a single table.

2.9.2.6 Scenario testing coverage

bing the-definitions provided in 6.2.9 and the three test cases derived above:

ability. In

“scenarios —
11

B.2.9.3 Scenario testing -

B.2.9.3.1 General

example 2

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
Actors User
Descriptipn 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
Precondifions User must already be logged into the system
Scenario pame Step Action
Basic 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”
Alternatiye flow - exist- 3.1 User enters their current password incorrectly
ing passvyord incorrect |3 User enters their new password correctly
3.3 User enters their new password correctly
3.4 User clicks OK
3.5 System displags-an error message “Current password entered incor-
rectly. Please try again.” and highlights all text in the Current Passworfd
field
Alternatiye flow - new (4.1 User enters a new password that is less than 8 characters long
passwor( less than 8 4.2 User clicks OK
characteys -
4.3 System displays an error message “New password must be at least 8
characters long. Please try again.”
Alternatiye flow - new |5.1 User enters a new password that is the same as their current password
password same as cur- 5 5 User clicks OK
rent password : _
573 System displays error message “New password must not be the same gs
current password. Please try again.”
Alternatiye flow {néw [6.1 User re-enters new password that does not match the new password
passwords dodotmatch they entered at step 4
6.2 User clicks OK
6.3 Systemm displaysS erTor MESSage  New passwords do ot atcit Piease
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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NOTE Additional scenarios, which address situations such as the user entering invalid characters for their

new password, can also exist.

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.

TCOVERT1: Main flow

Bj2.9.3.6 Derive test cases (TD3)

agrequired. See Tables B.40 to B.44.

BJ2.9.3.5 Identify test coverage items (TD2)

The test coverage items in use case testing are the typical and alternative scenarios, as follows.

TCOVER2:  Alternative flow - existing password incorrect
TCOVER3:  Alternative flow - new password less than 8 characters
TCOVER4:  Alternative flow - new password same as curient password

TCOVERS5:  Alternative flow - new passwords do not@atch

Table B.40.:— Test cases for use case testing

Tgst cases are derived by selecting a scenario to €over, identifying inputs to exercise the path covered
by the test case, determining the expected result'and repeating until all use case scenarios ar¢ covered

Ulse case name change_password

Tpst case name Main flow

Dlescription User successfully changes their password

Alctors User

Tpst coverage item TCOVER1

Uke case steps covered 1,2,3,4,5,6,7

Pfreconditions User is already logged into the system

# |Step Expected result

1| |Usenclicks Change Password button System displays Change Password screen

2| AUsér enters their current password cor- Current password is masked with asterisk (*) symbpls
rectly
User enters their new password correctly |New password is masked with asterisk (*) symbols
User re-enters their new password correct- |[New re-entered password is masked with asterisk (*) 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 |Userenters current passwordincorrectly |Current passwordis masked with asterisk (*) symbols

3 |User enters their new password correctly |New password is masked with asterisk (*) symbols

4 |Usef enters their new password correctly |New password is masked with asterisk (*) symbols

5 | Usey clicks OK System displays error message “Current password entered
incorrectly. Please try again.”

Table B.42 — Test cases for use case testing continued

Use case hame

change_password

Test caselname

Alternative flow - new password less than 8 characters

Descriptipn User attempts to change password but enters less’than 8 characters for password
Actors User
Test covefrage item TCOVER3

Use case pteps covered

1,2,3,41,4.2,4.3

Preconditions

User is already logged into the systeni

# |Step Expected result

1 |Usey clicks Change Password button System displays Change Password screen

2 | User enters their current password cor- Curreéent password is masked with asterisk (*) symbols
rectly

3 | User enters a new password that is less New password is masked with asterisk (*) symbols
thar} 8 characters long

4  |Usef clicks OK System displays an error message “New password must be 4t

least 8 characters long. Please try again.”

Table B.43— Test cases for use case testing continued

Use case hame

change_password

Test caselname

Alternative flow - new password same as current password

Descriptipn User attempts to change password but enters new password matching old pass-
word

Actors User

Test covefragé item TCOVER4

Use case steps covered

1,2,3,51,5.2,53

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 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.”
92 © ISO/IEC 2021 - All rights reserved

© IEEE 2021 - All rights reserved


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

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

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, 3,4,6.1,6.2,6.3

Preeenditions Useris-alreadytoggedinto-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 asterisky*) symbpls
rectly

3| |User enters their new password correctly |New password is masked with asterisk (*) symbols

4] |User re-enters new password that does not |Re-entered password is masked with asterisk (*) symbols
match new password entered at step 3

5| |User clicks OK System displays error message “New passwords do pot

match. Please try again.”
BJ2.9.3.7 Use case testing coverage

d¢

B

B
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bing the definitions for calculating scenario test coverage provided in 6.2.9 and the test cover
rived above:

C

scenarios —

§X100%:100%

2.10 Random testing
2.10.1 General
ne aim of random testing is to derive a set of test cases that cover the input parameters of a

irtitioning of the input domain of the test item, but simply requires input values to be chosen 1
pm this input domain.

2.10.2 Test basis

C

TI
eq
cq

nsider a testitem that transforms coordinates, with the following test basis:

ne component shall transform the Cartesian coordinates (x,y) for screen position into th
juivalent (r,H) using the equations: r= sqrt (x2 + y2) and cos H = x/r. The origin of the

ordinates and the pole of the polar coordinates shall be the centre of the screen and the x-

hge items

test item
ing values that are selectéd according to a chosen input distribution. This technique requires no
andomly

eir polar
Cartesian
hxis shall

be considered the initial line for the polar coordinates progressing counter-clockwise. All inputs and
outputs shall be represented as fixed-point numbers with both a range and a precision. These shall 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 be sdlected for each input parameter. It can be shown as:

INPUTT1: x - range - 320..+ 320, in increments of 1/26

INPUYT?2: y -range - 240..+ 240, in increments of 1/27

B.2.10.5|Identify test coverage items (TD2)

There ar¢ no recognized test coverage items from random testing.

B.2.10.6|Derive test cases (TD3)

Test cas¢s are constructed by first choosing an input distribution 'and then applying that input
distributjon to the input domain and determining the expected.résult of each test case (shown s
‘output’ for the two output parameters r and H in Table B.45). Since no information is available about
the operational distribution of the inputs to the test item in this example, a uniform distribution [is
chosen. Hrom 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.values (481 x 27). Care should be taken if using
an expected operational distribution rather than a uniferm distribution - an expected distribution thjat
ignores parts of the input domain can lead to unexpected error conditions being left untested.

Since eadh test case must include selection of a\random test input values from the input domain of the
test item|for both x and y, each test case willoover both test input values. In a uniform distribution, gll
input valpes within the define ranges of x'and y have equal probability of being selected as inputs info
the test dase. For example, the four test‘cases in Table B.45 can be defined.

Table B.45 — Test cases for random testing

Test case 1 2 3 4
Input (x) -126.125 11.015625 283.046875 -99.109375
Input (y) 238.046875 78.03125 -156.054688 -9.0625
Output r falculatedas(r = sqrt (x2 + y2)) 269.395305 78.804949 323.216025 99.522847
Output H|calculated as (cos H = x/r)) 2.058024 1.430554 0.503870 3.050407

B.2.10.7 [Random testing coverage

As stated in 6.2.10, there is currently no industry agreed approach for calculating 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.

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 using a
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.

The automatic generation of expected outputs or the automatic checking of outputs, is however more
problematlc Generally, it is not practlcable to automatically generate expected outputs or automatlcally

C

In
th

d

D

B

B

M
Sq

B

the test item. By some analysis rsinH=y can also.be deduced. If these two equations are sati
rdasonable numerical tolerance, then the test'item has transformed the coordinates correctly.

Eyen when full automation of random testing is not practicable its use should still be consid

For test items with larger input” sets than this small example the “Symbolic Input

rgdndom sampling before testcase design.

ECR OULpPULS agdInst the test oa51s however for certaim test items 1t13 possmle SUCTas Wher

trusted independently-produced software that performs the same function ags(the
is available (presumably not meeting the same constraints such as speed ,oflprocg
implementation language);

the test is concerned solely with whether the test item crashes or not (so the'expected res
to crash");

the nature of the test item’s output makes it relatively easy to checktlie result. An examy]
is a sort function where it is a simple task to automatically checkthat the outputs have be
correctly;

it is easy to generate inputs from the outputs (using the~inverse of the test item’s fund
example of this is a square root function where simply,squaring the output should prd
input.

the example in B.2.10.2, the coordinate transformation test item can be checked automatic{
e inverse function approach. In this case, rcosfl=x can be obtained directly from the test

pes not carry the large overhead of deSigning test cases as required by the non-random techr

pcomposition” (SIAD) tree (Cho 1987[6l) is a useful method for organizing the input dg

2.11 Metamorphic testing

2.11.1 General

ktamorphic_testing uses metamorphic relations to derive follow-up test cases from a s

fest item

pssing or

11t is "not

le of this
bn sorted

tion). An
duce the
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basis for
sfied to a

bred as it
liques.

Attribute
main for

uccessful

urce test ¢ase. It is particularly useful when the determination of expected results is difficulf, such as
for a cemplex system with multiple inputs (e.g. a neural network working with big data).

2 11 2 Tocthacic
r-Tp = oy - Lo v o

Consider a test item that searches for available hotel rooms given a set of search parameters, with the
following test basis:

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 da
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location - 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

minimum guest rating - 1*, 2* 3* 4* 5*/not specified

free fancellation - yes/no/not specified
WiFi[- yes/no/not specified

car gark - yes/no/not specified

free preakfast - yes/no/not specified

Outputs

List ¢f available accommodation (with links)

B.2.11.3|Determine required test coverage

Coveragd for metamorphic testing cannot be measured. However; it is possible to set a criterion f
determining when sufficient test cases have been derived, such’as by defining a maximum number
required|test cases or by setting an amount of effort to be spént on the random testing activity, amot
others.

B.2.11.4|Create test model (TD1)

The test|model in metamorphic testing is a\set of metamorphic relations based on the requir¢
behaviour that relates pairs of test inputsrand pairs of test outputs. The following metamorphi

relations|have been defined:

MR1: Givlen a valid search, if the number of guest requirements is reduced, then the size of the list
availablelJaccommodation should incréase (or stay the same).

MR2: Givlen a valid search, if the number of guest requirements is increased, then the size of the list
availablelJaccommodation should decrease (or stay the same).

MR3: Given a valid searchy if the requested dates are changed to a subset of the original dates, then tl
list of avdilable accommodation should increase (or stay the same).

MR4: Given a yalid search, if the order of guest requirements is changed, then the list of availah
accommqdation‘should stay the same.

O
of

g

ne

le

MR5: Givera—validsearehHthe required-minimumstar ratingisreduced;thenthe Hst-ef available
accommodation 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:
start date = 10-02-20

end date = 12-02-20

location = Clacton-on-sea
number of guests = 2

room type = double

swimming pool = no

Qir conditioning = no

minimum guest rating = 3*

free cancellation = not specified
WiFi = yes

car park = not specified

free breakfast = yes

Alctual results:

—+ Hotel Miramar
—+ Royal Hotel

—+ Ocean Hotel

—+ Esplanade Hotel

—+  West Hotel

Table B:47 — Test cases for metamorphic testing

1]

bllow-up test case - MR1-S1-E1
Test inputs:

start date = 10-02-20

end date = 12-02<20

location = Clacten-on-sea

number pf'guests = 2

room-type = double

swimming 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

West Hotel

NOTE In the above example, the source test case (S1) and the metamorphic relation (MR1) indicate that
the expected result must include all the hotels from S1 but it is expected to also include others now that the
requirem¢nt for WiFi has been relaxed. However, when the follow-up test case (MR1-S1-F1) is created,ther¢'s
the restrig¢tion to use the information provided in S1 and MR1; and as neither of these list the other hotels in the
resort, th¢y cannot be included explicitly in MR1-S1-F1 - all that can be done, as shown, is to state’the expected
result as the previous result as a minimum.

Table B.48 — Test cases for metamorphic testing

Follow-up test case - MR1-51-F2
Testin

start date = 10-02-20

end datg = 12-02-20

locatior] = Clacton-on-sea

number of guests = 2

room tyjpe = double

swimmj|ng pool = no

air conditioning = ne not specified « modified testinput
minimum guest rating = 3*

free carfcellation = not specified

WiFi = yes

car park = not specified

free brdakfast = yes

Expectedresults: As a minim{im:
Hotel Mirfamar

Royal Hotel

Ocean Hdtel

Esplanadg Hotel

West Hotpl

Further follow-up test cases for MR1 and S1 can be derived by changing the requirements for each of
the following parameters to not specified"

—  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
of available accommodation should decrease (or stay the same).

Table B.49 — Test cases for metamorphic testing

wn

purce test case (executed and validated) -S2
pst inputs:

start date = 03-04-20

end date = 07-02-20

=

location = Jaywick Sands
number of guests = 1

room type = single
swimming pool = yes

hbir conditioning = yes
minimum guest rating = 5*
free cancellation = yes

WiFi =yes

car park = yes

free breakfast = not specified
ctual results:

he Excelsior Hotel

pllow-up test case - MR2-S2-F1
pstin

start date = 03-04-20

end date = 07-02-20

location = Jaywigk'Sands

HEliml—

number of guests = 1
room type.% single

swimfiihg pool = yes

hifconditioning = yes

minimum guest rating = 5*
free cancellation = yes
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 in 6.2.11, there is currently no industry agreed approach for calculating coverage of test

coverage

items for metamorphic testing.

B.2.12 K

B.2.12.1

Requiren

B.2.12.2

Consider
basis:

The
50 ki

spoiler to ‘medium’. Valid input speeds are from 0 km/h to 220 km/h - invalid speeds will cause i

erroj

B.2.12.3

All specif

B.2.12.4

The test
sentence

R1: Thes

R2: The s
220 km/

R3: The s
than 120

R4: The s
220 km/

equirements-based testing

General

ients-based testing simply covers specified atomic requirements.

Test basis

a test item that controls a car spoiler dependent on the speed of the\caf, with the following te

car spoiler control system shall do set spoiler to ‘low’ when input speed does not exces
m/h, and if the speed is higher than 120 km/h it shall setspoiler to ‘high’, otherwise it shall g

message. All speeds are provided as integers.

Determine required test coverage

ied requirements should be covered by tests:

Create test model (TD1)

model in requirements-based testing is a set of atomic requirements, typically stated in simp
5. The following atomic requirements have been specified:

ystem shall set spailer to ‘high’ when input speed is higher than 120 km/h and no greater th:
.

ystem shall Set spoiler to ‘medium’ when input speed is higher than 50 km/h and no great
km/h.

ysterishall generate an error message for invalid speeds outside the range from 0 km/h
.

ystem shall set spoiler to‘low’ when the input speed is between 0 km/h and 50 km/h inclusive.

bd

in

le

in

B.2.12.5

Identify test coverage items (TD2)

The test coverage items are the individual atomic requirements:

R1,R2,R

B.2.12.6

Test case

100

3 and R4.

Derive test cases (TD3)

s 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 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
(test coverage item)

B212.7 annirnmnnfc-hncnd testing coverage
(=]

Using the definitions for calculating requirements-based test coverage provided in 6.2.12 and the test
cqverage items derived above:

4
Crequirements :ZX]-OO %=100%
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Annex C
(informative)

Guidelines and examples for the application of structure-based
test design techniques

C.1 Guidelines and examples for structure-based testing

C.1.1 Qverview

This annpx provides guidance and examples on the structure-based test design techniques describé¢d
in 5.3 andl 6.3. Each example follows the test design and implementation process that/is defined in ISQ/
IEC/IEEH 29119-2. A variety of applications and programming languages are uséd in these examplg¢s.
Although each example is applied in a structure-based testing context, as stated'in 5.1, in practice most
of the tedhniques defined in this document can be used interchangeably.

C.2 Styucture-based test design technique examples

C.2.1 Statement testing

C.2.1.1 |General

The aim pf statement testing is to derive a set of test‘cases that cover the executable statements of the
test itemfaccording to a chosen level of statement coverage.

The two main questions to consider are:
— whatis a statement?
— which statements are executable?

In generd], a statement should be'an atomic action; that is a statement should be executed completely pr
not at all For instance:

IF a THEN b ENDIF
is considered as morésthan one statement since b may or may not be executed depending upon the
condition] a. The definition of statement used for statement testing need not be the one used in the
languagel definition.

Statemerts which are associated with machine code are typically regarded as executable. For instande,
all of the[following are regarded as executable:

— assignments;

— 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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ay
if (b) {
c;
}
d;
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

ategorise

1 READ (Num) ;

2 WHILE NOT End of File DO

3 Prime := TRUE;

4 FOR Factor := 2 TO Num DIV 2 DO

5 IF Num - (Num DIV Factor)*Factor = 0 THEN
6 WRITE (Factor, °~ is a factor of', Num);
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');

C2.1.3 Create test model (TD1)

The test model in statement testing is the source €9d€, showing the executable statements in the code.

C2.1.4 Identify test coverage items (TD2)

The test coverage items in statement testing are the individual executable statements; these afe shown
b¢low by their line numbers in the soutte code.

TCOVER1: Statement 1
TCOVERZ: Statement2
TCOVER3 Statement 3
TCOVER4: Statement 4
TCOVERS: Statement 5
TCOVERG: Statement 6

TEOVER7: 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
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have not yet been covered by a test case. The inputs to execute the sub-path are then identified, along
with 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
3 21satactorof 4 2,3,4,5,5, 7, 8,9, 10, 12, 131%
EOF End of prime number program 2,15
NOTE In this example, there is one test case, but three separate sets of input values and expected results, ps

there is a1 iteration included in the code.

C.2.1.6 |[Statement testing coverage

Using thq definitions provided in 6.3.1 and the test coverage items derived above:

C

statefnent =

E><1OO %=100%
11

Thus, 100 % coverage of test coverage items for statement testing lras-been achieved.

C.2.2 Branch/decision testing

C.2.2.1 |General

Branch ajnd decision coverage are closely related. For test items with one entry point 100 %, bran¢h
coverage|is equivalent to 100 % decision coverage; although lower levels of coverage may not be the
same. Both levels of coverage will be illustrated with one example.

C.2.2.2 |Test basis

The gomponent shall determine-the position of a word in a table of words ordered alphabetically.
Apaift from the word and table; the component shall also be passed the number of words in the
tablg to be searched. The component shall return the position of the word in the table (starting fat
zero] if it is found, otherwise it shall return “-1”.

The corrg¢sponding codelisdrawn from Kernighan and Richie, 1998. The three decisions are highlighted:
int Hinsearch{char *word, struct key tabl[], int n) {
inft cond;
int lowgiigh, mid;
low =(0;
high,/~="n - 1;
whiile (low <= high) {
mid = (low+high) / 2;
if ((cond = strcmp(word, tab[mid].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 graph of the program. The first step to constructing a control flow graph is to divide the code

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


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

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

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 - 1;
B2 while (low <= high) {
B3 mid = (low+high)

if ((cond = strcmp (word, tab[mid].word)) < 0)
B4 high = mid - 1;
BY else 1if (cond > 0)
B low = mid + 1;
B else
return mid;

B }
BY return -1;
}
Alcontrol flow graph may be constructed by making each basic block a néde’and drawing an arf for each
possible transfer of control from one basic block to another. These are.the possible transfers of control:
Bl - B2 B3 - B4 B5 = B6 B6 — B8
B2 — B3 B3 - B5 B5 —» B7 B8 - B2
B? — B9 B4 — B8

This results in the graph presented in Figure C.1. THe graph has one entry point, B1, and two ejit points,
BY and B9.

() o) () () ()

Figure C.1 — Control flow graph for binsearch

The ¢entrol flow graph would not necessarily be constructed by hand, but a tool would nofmally be
USEd t0 STOW WHITIT deCiSIons,/ branchies Tave 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-TCOVERS: B2 — B9

BRANCH-TCOVER4: B3 —» B4
BRANCH-TCOVERS: B3 - B5
BRANCH-TCOVER®6: B4 — B8
BRANCH-TCOVER?7: B5 - B6
BRANCH-TCOVERS: B5 - B7
BRANCH-TCOVER®O: B6 — B8

BRANCH-TCOVER10: B8 — B2

C.2.2.4.3| Option b: identify test coverage items for decision-coverage

For decisfion coverage, the outcomes (i.e. true, false) of each decision are the test coverage items. In this
example, |each decision has two outcomes correspondingto the true and false values of the decisio1]s;
thereford, there are six test coverage items, as follows:

«

DECISION-TCOVER1: B2 =true
DECISION-TCOVER2: B2 =false
DECISION-TCOVER3: B3 =true
DECISION-TCOVER4: B3 =false
DECISION-TCOVERS:  B5 = true
DECISION-TCOVERG: - B5 = false

Itis generally possiblefor a decision to have more than two outcomes, which would increase the numbgr
of test cojverage iteths that need to be derived.

C.2.2.5 |Derive test cases (TD3)

Test cases for branch testing are derived by identifying control flow sub-paths that reach one or more
branches (test coverage items) that have not yet been executed during testing, determining inputs that
exercise those sub-paths, determining the expected result of each test, and repeating until the required
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 €:2— Testcases for binsearcl

Test Inputs Decisions exercised Test coverage items HExpected
case [ word Tab n (underlined) result
1 chas Alf 7 B1 —» B2 —» B3 » B4 — B8 BRANCH-TCOVER 2

Bert ];3%13—;%8—)3%;58_)6]3—; 1,2,4,5,6,78,9,10%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 medsured using a software tool.

C2.2.6 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 testicoverage items for branch testing has been achieved.

C2.2.7 Decision testing coverage

Using the definitions provided in 6.3.3 and the test coverage items derived above:

%xlOO %=100%

Cdecision Y

Thusy 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

Consider

if A o

do

else

do

end if

Test basis

the following fragment of code:
r (B and C) then

something;

something else;

’

The Boolean conditions within the decision condition are A, B and C. These may themselves be
comprised of complex expressions involving relational operators. For example, the Boolean condition A

can be ax
and C as

C.2.3.3

In these
example,

A or

expression such as X = Y. However, for the sake of clarity, the following examples regard A,
simple Boolean conditions.

Create test model (TD1)

three test design techniques, the set of decisions in the source code is the test model. In thi

there is one decision that needs to be covered:

(B and C)

This is applicable to branch condition testing, branch condition combination testing, and modifi

conditior

C.2.34

C.2.3.4.1

Branch ¢
the aim
coverage
outcome
TRUE an

/decision coverage testing.
Branch condition testing

Identify test coverage items (TD2)

ondition testing examines the individual conditions within multi-condition decisions, wi
hat each individual condition and each decijsion takes on both true and false values. The tdg

. In this example, this technique would-\require Boolean condition A to be evaluated bo
1 FALSE, Boolean condition B to be eyvaltated both TRUE and FALSE and Boolean conditionl

to be evalluated both TRUE and FALSE plus_the decision outcomes to be evaluated both true and fals

Therefor

b, the test coverage items for thistechnique are:

TCOVER1: A =TRUE
TCOVERZ: A=FALSE
TCOVER3 B =TRUE
TCOV.ER4: B = FALSE
TCOVERS: C=TRUE
TCOVER®6: C=FALSE

items are the Boolean values (true/false) of\the conditions within decisions and the decisi¢gn

B

bd

th
St

th
C
e.

C.2.34.2

TCOVER?7: Aor (Band C) =TRUE

TCOVERS: Aor (Band C) = FALSE

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.

Branch condition coverage can often be achieved with just two test cases, irrespective of the number of
actual Boolean conditions comprising the overall condition.

C.
§)

T}

C.

C.
In

\&
B

C.

2.3.4.3 Branch condition testing coverage

bing the definitions provided in 6.3.4 and the test coverage items derived above:

g><100 %=100%

Cbranch_condition =
us, 100 % coverage of test coverage items for branch condition testinghds been achieved.
2.3.5 Branch condition combination testing

2.3.5.1 Identify test coverage items (TD2)

lues of conditions within decisions. In this examplé€jthis technique would require all combir
olean conditions A, B and C to be evaluated. Therefore, the test coverage items for this techr

TCOVERT1: A =FALSE, B = FALSE; C=FALSE
TCOVERZ: A =TRUE, B = FALSE, C=FALSE
TCOVERS3: A =FALSE, B=TRUE, C=FALSE
TCOVER4: A =TRUE, B =TRUE, C=FALSE
TCOVERS: A = FAESE, 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

2.3.5.2. Derive test cases (TD3)

branch condition combination testing, the test coverage,items are the unique combinations of Boolean

1ations of
ique are:

Td

st'cases are derived hy ir‘]pnfifying control flow cnh-pnfhc that reach one or more test cover

hge 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 the required coverage is achieved. In this
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

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

109


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

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

Table C.4 (continued)
Test case A B C Test coverage items
5 FALSE FALSE TRUE TCOVERS
6 TRUE FALSE TRUE TCOVER6
7 ALSE TRUE TRUE TCOVER7
8 TRUE TRUE TRUE TCOVERS8

NOTE

The test cases contained in Table C.4 are not “complete” in that they do not include expected results.

Branch dondition combination coverage is very thorough, requiring 2" test cases to achieve 100. o
coverage|of a condition containing n Boolean conditions. This rapidly becomes unachievable in practire
for complex conditions.
C.2.3.5.3|] Branch condition combination testing coverage
Using thq definitions provided in 6.3.5 and the test coverage items derived above:
_8 0f— 0

Cbran h_condition_combination_§X1OO %=100%
Thus, 100 % coverage of test coverage items for branch condition\'€ombination testing has beg¢n
achieved
C.2.3.6 |Modified condition/decision coverage testing
C.2.3.6.1| General
Modified|condition/decision coverage (MCDC) testing.is a pragmatic compromise which requires fewpr
test cases than branch condition combination coverage. It is widely used in the development of avionigs
software} as required by RTCA/DO-178C and automotive software, as required by [SO 26262 (all part}).
MCDC tegting requires test cases to show that'each Boolean condition (A, B and C) can independently
affect thp outcome of the decision. This-is less than all the combinations (as required by branth
condition} combination coverage).
C.2.3.6.2| Identify test coverage items (TD2)
In modified condition/decision coverage (MCDC) testing, the test coverage items are the uniqpie
combinations of individudl Boolean values of conditions within decisions that allow a single Boolean
condition to independently affect the outcome.
For the gxample deéeision condition [A or (B and C)], this leads to a pair of test coverage itenis,
where cllanging 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:

TCOVERT—A=TFALSE; B—FALSE; €¢—=—TRYE OUTCOME=FALSE

TCOVER2: A =TRUE, 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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