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Foreword

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

5(E)

nical

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

members of ISO or IEC participate in the development of International Standards through tech
committees established by the respective organization to deal with particular fields of tech
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other internat

nical
nical
ional

ot gauibatiuub, gover mrentatand non-gover nmrentab-imrHatsomrwith1S6anmdHECatsotake partt
work. In the field of information technology, ISO and IEC have established a joint technical comm
ISO/IEC]TC 1.

The procedures used to develop this document and those intended for its further mairitenanc
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria neede
the different types of document should be noted. This document was drafted inacecordance wit
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

1 the
ttee,

b are
d for
h the

Attention is drawn to the possibility that some of the elements of this do¢dment may be the subject

of patent rights. ISO and IEC shall not be held responsible for identifying any or all such p
rights. Details of any patent rights identified during the development.of the document will be i
Introduction and/or on the ISO list of patent declarations received (seeAvww.iso.org/patents).

Any trade name used in this document is information given forthe convenience of users and doe
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to confor

htent
n the

S not

mity

assessment, as well as information about ISO’s adherence to the WTO principles in the Technical

Barriers to Trade (TBT) see the following URL: Foréword - Supplementary information

The committee responsible for this document is)ISO/IEC JTC 1, Information technology, SC 7, Soft
and Systems Engineering.

ISO/IEC/IEEE 29119 consists of the following standards, under the general title Software and Sys
Engineering — Software Testing:

— Part 1: Concepts and definitions

— Part 2: Test processes

— Part 3: Test documentation

— Part 4: Test techniques

The followingparts are under preparation:

— Part 5;)Keyword-driven testing

ware

tems
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© IEEE 2015 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=52b6a481b88b3e829dd352730b4a4ec6

ISO/IEC/IEEE 29119-4:2015(E)

Introduction

The purpose of this part of ISO/IEC/IEEE 29119 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
part

within the test design and implementation process that is defined in ISO/IEC/IEEE 29119-2. This
of ISO/IEC/IEEE 29119 does not prescribe a process for test design and implementation; instead, it

describes a set of techniques that can be used within ISO/IEC/IEEE 29119-2. The intent is to describe a

seri

The
case
defe
used
cove

NOTI

EXA
speci

Each
IEEE

Of th
folloy

— 1
— 1
— 1

Ates
or st
with

e 1 - 4] 4l LA | de. H 4] e 4= b H | 4o
> UL LTLIHIIITUUTS LAl IIdvVE WIUT dLLTPLAIILT TIT LT SUITW AT T LES LI g TITUUSLL Y.

Lest design techniques presented in this part of ISO/IEC/IEEE 29119 can be used to derive test
5 that, when executed, generate evidence that test item requirements have been met and/or that
ts are present in a test item (i.e. that requirements have not been met). Risk-based testing cotild be
to determine the set of techniques that are applicable in specific situations (risk-based.testing is
ed in ISO/IEC/IEEE 29119-1 and ISO/IEC/IEEE 29119-2).

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

PLE1 “Test items” include systems, software items, objects, classes, requirements documents, design
ications, and user guides.

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

e activities in this process, ISO/IEC/IEEE 29119-4 provides guidance on how to implement the
ving activities in detail for each technique that is described:

Derive Test Conditions (TD2);
Derive Test Coverage Items (TD3);
Derive Test Cases (TD4).

L condition is a testable aspect of a test item,sfrch as a function, transaction, feature, quality attribute,
Fuctural element identified as a basis for testing. This determination can be achieved by agreeing
stakeholders which attributes are to.be tested or by applying one or more test design techniques.

EXANPLE 2  If a test completion criterion for state transition testing was identified that required coverage of

all st
equiy

Test
test

hites then the test conditions could béthe states the testitem can be in. Other examples of test conditions are
alence classes and boundaries.between them.

coverage items are attfibutes of each test condition that can be covered during testing. A single
ondition may be the(basis for one or more test coverage items.

EXANPLE 3  Ifaspecific boundary is identified as a test condition, then the corresponding test coverage items

could

A teg
deve

Spec

be the boundary itself and immediately either side of the boundary.

t case is a.s€t of preconditions, inputs (including actions, where applicable), and expected results,
oped to:determine whether or not the covered part of the test item has been implemented correctly.

fic \(normative) guidance on how to implement the other activities in the test design &

impl

ementation process of ISQ/IEC/IEEE 29119-2 including activities TD1 (Identify Feature Sets), TDS

(Assemble Test Sets), and TD6 (Derive Test Procedures), is not included in Clauses 5 or 6 of this part of
ISO/IEC/IEEE 29119 because the process is the same for all techniques.

vi
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Test Design &
Implementation Process

activities being revisited.

Test items; and See ISO/IEC/IEEE29119-2 for details.

Test design techniques.

Test Design
it Specification
Identify GLLR e; b
._> Feature SRS
Sets ‘ ﬁ
(TD1) L
Derive Test | Test Conditions
Conditions ﬁ Test Case
(TD2) _ Test Specification
Derive Coverage Items
Test
Coverage ﬁ
Items H
(TD3) i
Derive Test Cases
Test Cases ﬁ Test Procedure
(TD4) @ Specification
Test
Assemble Sets
Test Sets ﬁ
(TD5) H
) Test Procedures
Derive Test [ ¢ 105t Scripts
Inputs to activities in this process Procedures "
?lay;:::l;)zzs. The process is shown as_ptrely (TD6)
Test plan i sequential, but in practice it may be
pran; carried out iteratively; with some
Test strategy;

Figure 1 — ISO/IEC/IEEE 29119-2 Test Design and Implementation Process

ISO/IEC/TR 19759 (SWEBOK) defines-two types of requirements: functional requirements and qy
requirements. ISO/IEC 25010 defines eight quality characteristics (including functionality) that c:
used to identify types of testing'that may be applicable for testing a specific test item. Annex A proy
example mappings of test design techniques that apply to testing quality characteristics defin
ISO/IEC 25010.

Experience-based testing practices like exploratory testing and other test practices such as model-h
testing are not defined in this part of ISO/IEC/IEEE 29119 because this part of ISO/IEC/IEEE 29119
describes techniquies for designing test cases. Test practices such as exploratory testing are desci
in ISO/IEC/IEEE 29119-1.

Templatesiand examples of test documentation that are produced during the testing process are de
in ISQ/IEC/IEEE 29119-3 Test Documentation. The test techniques in this part of ISO/IEC/IEEE 2
donat'describe how test cases should be documented (e.g. they do not include information or guid
on ‘assigning unique identifiers, test case descriptions, priorities, traceability, or pre-conditi

ality
in be
yides
bd in

ased
only
ribed

fined
0119
ance
ons).

Information on how to document test cases can be found in ISO/IEC/IEEE 29119-3.

This part of ISO/IEC/IEEE 29119 aims to provide stakeholders with the ability to design test cases for

the testing of software in any organization.

© ISO/IEC 2015 - All rights reserved
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Software and systems engineering — Software testing —

Part 4:

Test techniques

1 Scope

This part of ISO/IEC/IEEE 29119 defines test design techniques that can be used duringthe test d
and implementation process that is defined in ISO/IEC/IEEE 29119-2.

This part of ISO/IEC/IEEE 29119 is intended for, but not limited to, testérs,”test managers
developers, particularly those responsible for managing and implementing,seftware testing.

2 Conformance

2.1 Intended Usage

The normative requirements in this part of ISO/IEC/IEEE 29119 are contained in Clauses 5 a
It is recognised that particular projects or organizations may not need to use all of the techn
defined by this standard. Therefore, implementation of this standard typically involves sele
a set of techniques suitable for the project or organization. There are two ways that an organiz
or individual can claim conformance to the prowvisions of this standard - full conformance or tai
conformance. The organization or individualishall assert whether full or tailored conformance td
standard is claimed.

2.2 Full Conformance

Full conformance is achieved by-demonstrating that all of the requirements (i.e. ‘shall’ statements) d
chosen (non-empty) set of techniques in Clause 5 and/or the corresponding test coverage measure
approaches in Clause 6 have'been satisfied.

EXAMPLE An organization could choose to conform only to one technique, such as boundary value ang
In this scenario, the organization would only be required to provide evidence that they have met the requirer
of that one technique in'order to claim conformance to this part of ISO/IEC/IEEE 29119.

2.3 Tailored Conformance

Tailored\conformance is achieved by demonstrating that the chosen subset of requirements fron
chosén(non-empty) set of techniques and/or corresponding test coverage measurement appros
have-been satisfied. Where tailoring occurs, justification shall be provided (either directly o

bsign

and

nd 6.
ques
cting
htion
ored

this

fthe
ment

lysis.
hents

n the
ches
r by
sure

reference) whenever the normative requirements of a technique defined in Clause 5 or mes:

defined in Clauco 6 qaro nat fallawod camnlotely All tailaring dociciane chall ho racardod with
eeHhea1H—-ause—obaie-otronowea-compretery—Arr—tahoHRg-aeaSiolSShar—e-recoraea— A

their

rationale, including the consideration of any applicable risks. Tailoring shall be agreed by the relevant

stakeholders.

3 Normative References

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated

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

© ISO/IEC 2015 - All rights reserved
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ISO/IEC/IEEE 29119-1, Software and systems engineering — Software testing — Part 1: Concepts and
definitions

ISO/IEC/IEEE 29119-2, Software and systems engineering — Software testing — Part 2: Test processes

ISO/IEC/IEEE 29119-3, Software and systems engineering — Software testing — Part 3: Test
documentation

NOTE Other International Standards useful for the implementation and interpretation of this part of

ISO/IEC/IEEE 29119 are listed in the bibliography.

4 Terms and Definitions

For fhe purposes of this document, the terms and definitions given in ISO/IEC/IEEE 24765 and the
following apply.

NOT Use of the terminology in this part of ISO/IEC/IEEE 29119 is for ease of péférence and is not
mandatory for conformance with the standard. The following terms and definitions are prévided to assist with
the upderstanding and readability of this part of ISO/IEC/IEEE 29119. Only terms criticalto the understanding
of this part of ISO/IEC/IEEE 29119 are included. This clause is not intended to provide a complete list of testing
term$. The systems and software engineering vocabulary ISO/IEC/IEEE 24765 cau‘be referenced for terms not
defined in this clause.

4.1
BacKus-Naur Form
formlal meta-language used for defining the syntax of a language-in a textual format

4.2
base€ choice
see Hase value

4.3
basq value

inpuf parameter value used in ‘base choiee testing’ that is normally selected based on being a
representative or typical value for the parameter. Also called base choice

4.4
c-use
see domputation data use

4.5
computation data use
use df the value of a variable in any type of statement

4.6
condition
Boolgan expriession containing no Boolean operators

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

4.7
control flow
sequence in which operations are performed during the execution of a test item

4.8
control flow sub-path
sequence of executable statements within a test item

4.9
data definition
statement where a variable is assigned a value. Also called variable definition

2 © ISO/IEC 2015 - All rights reserved
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4.10

data definition c-use pair

data definition and subsequent computation data use, where the data use uses the value defined in the
data definition

411
data definition p-use pair
data definition and subsequent predicate data use, where the data use uses the value defined in the

h - 1L
Udld UCITIIIUIOII

412
data definition-use pair
data definition and subsequent data use, where the data use uses the value defined in the data definition

4.13
data use
executable statement where the value of a variable is accessed

4.14
decision outcome
result of a decision (which therefore determines the control flow alterpative taken)

4.15

decision rule
combination of conditions (also known as causes) and actions (also known as effects) that prodjice a
specific outcome in decision table testing and cause-effect'graphing

4.16

definition-use pair
data definition and subsequent predicate or computational data use, where the data use uses the yalue
defined in the data definition

4.17

definition-use path
control flow sub-path from a variable-definition to a predicate-use (p-use) or computational-use (cruse)
of that variable

4.18
entry point
pointin a test item atwhich execution of the test item can begin

Note 1 to entry: An entry point is an executable statement within a test item that may be selected by an extlernal
process as the starfing point for one or more paths through the test item. It is most commonly the first execytable
statement withifvthe test item.

4.19

executable statement
statement which, when compiled, is translated into object code, which will be executed procedurally
whén the test item is running and may perform an action on program data

71,20
exit point
last executable statement within a test item

Note 1 to entry: An exit point is a terminal point of a path through a test item, being an executable statement
within the test item which either terminates the test item, or returns control to an external process. This is most
commonly the last executable statement within the test item.

4.21
p-use
see predicate data use

© ISO/IEC 2015 - All rights reserved 3
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4.22

P-V pair

combination of a test item parameter with a value assigned to that parameter, used as a test condition
and coverage item in combinatorial test design techniques

4.23
path
sequence of executable statements of a test item

4.24
predicate
logicpl expression which evaluates to TRUE or FALSE, normally to direct the execution path in code

4.25
predicate data use
dataluse associated with the decision outcome of the predicate portion of a decision statement

4.26
sub-path
path|that is part of a larger path

4.27
test model
representation of a test item that is used during the test case design process

4.28
varifable definition
see data definition

5 Test Design Techniques

5.1 | Overview

ISO/]EC/IEEE 29119-4 defines test design_téchniques for specification-based testing (5.2), structure-
basefl testing (5.3) and experience-based testing (5.4). In specification-based testing, the test basis
(e.g. [requirements, specifications, models or user needs) is used as the main source of information
to dgsign test cases. In structuresbased testing, the structure of the test item (e.g. source code or the
strugture of a model) is used as\the primary source of information to design test cases. In experience-
basefl testing, the knowledgé and experience of the tester is used as the primary source of information
during test case design. Eoryspecification-based testing, structure-based testing and experience-based
testihg, the test basis is-used to generate the expected results. These classes of test design techniques
are domplementary and their combined application typically results in more effective testing.

Althgugh the techniques presented in ISO/IEC/IEEE 29119-4 are classified as structure-based,
specification-based or experience-based, in practice some of them can be used interchangeably (e.g. branch
testihg could-be used to design test cases for testing logical paths through the graphical user interface
of an| Interhet-based system). This is demonstrated in Annex E. In addition, although each technique is
defirledindependently of all others, in practice they can be used in combination with other techniques.

EXAMPLE The test coverage items derived by applying equivalence partitioning could be used to populate
input parameters of test cases derived using scenario testing.

ISO/IEC/IEEE 29119-4 uses the terms specification-based testing and structure-based testing; these
categories of techniques are also known as “black-box testing” and “white-box testing” (or “clear-box
testing”) respectively. The terms “black-box” and “white-box” refer to the visibility of the internal
structure of the test item. In black-box testing the internal structure of the test item is not visible (hence
the black box), whereas for white-box testing the internal structure of the test item is visible. When a
technique is applied while utilising a combination of knowledge from the test item’s specification and
structure, this is often called “grey-box testing”.

4 © ISO/IEC 2015 - All rights reserved
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ISO/IEC/IEEE 29119-4 defines how the generic test design and implementation process steps TD2
(derive test conditions), TD3 (derive test coverage items), and TD4 (derive test cases) from ISO/IEC/
IEEE 29119-2 (see Introduction) shall be used by each technique. It does not provide context-specific
definitions of the techniques that describe how each technique should be used in all situations. Users of
ISO/IEC/IEEE 29119-4 may refer to Annex B, Annex C, Annex D and Annex E for detailed examples that
demonstrate how to apply the techniques.

The techniques that are defined in ISO/IEC/IEEE 29119-4 are shown in Figure 2. This set of techniques

fsTotextraustivefherearetecimiques tiat areused by testing practitiomersor researcirers tigt are
not included in ISO/IEC/IEEE 29119-4.

© ISO/IEC 2015 - All rights reserved 5
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Test Design Techniques Presented
in ISO/IEC/IEEE 29119-4

Specification-Based Structure-Based Experience-Based
Techniques Techniques Techniques
(clause 5.2) (clause 5.3) (clause 5.4)
Equivalence Partitioning | Statement Testing Error Guessing
(clause 5.2.1) (clause 5.3.1) (clause 5.4.1)
Classification Tree Method | Branch Testing
(clause 5.2.2) (clause 5.3.2)

Boundary Value Analysis Decision Testing

(clause 5.2.3) (clause 5.3.3)
Syntax Testing |1 Branch Condition Testing
(clause 5.2.4) (clause 5.3.4)
Combinatorial Branch Condition
Test Design Techniques = Combination Testing
(clause 5.2.5) (clause 5.3.5)
All Combinations Testing Modified Condition Pec151on
(clause 5.2.5.3) = Coverage Testing
(clause 5.3.6)
Pair-Wise Testing . Data Flow Testing
(clause 5.2.5.4) (clatise.5.3.7)
Each Choice Testing All-Definitions Testing
(clause 5.2.5.5) (clause 5.3.7.2)
Base Choice Testing All-C-Uses Testing
(clause 5.2.5.6) (clause 5.3.7.3)
|1 Decision Table Testing All-P-Uses Testing
(clause 5.2.6) (clause 5.3.7.4)
|1 Cause-Effect Graphing All-Uses Testing
(clause 5.2.7) (clause 5.3.7.5)
|1 State TranSitipn Testing All-DU-Paths Testing
(clause 5.2.8) (clause 5.3.7.6)

Scenario Testing
(clause 5.2.9)

Random Testing

(clause 527103

Figure 2 — The set of test design techniques presented in ISO/IEC/IEEE 29119-4

Of the six activities in the test design and implementation process (see Figure 1), test design techniques
provide unique and specific guidance on the derivation of test conditions (TD2), test coverage items
(TD3) and test cases (TD4). Therefore, each technique is defined in terms of these three activities.

There are varying levels of granularity within steps TD2 (derive test conditions), TD3 (derive test
coverage items) and TD4 (derive test cases). Within each technique, the term “model” is used to

6 © ISO/IEC 2015 - All rights reserved
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describe the concept of preparing a logical representation of the test item for the purposes of deriving
test conditions in step TD2 (e.g. a control flow model is required for deriving test conditions for all
structural techniques). Some situations may require the entire model to be a test condition, whereas in
other situations, one part of the model may be a test condition.

EXAMPLE 1 In state transition testing, if there is a requirement to cover all states then the entire state model
could be the test condition. Alternatively, if there is a requirement to cover specific transitions between states,
then each transition could be a test condition.

In addition, since some techniques share underlying concepts, their definitions contain similar texf.
EXAMPLE 2 Both equivalence partitioning and boundary value analysis are based on equivalenceclassesp.

In the test case design step (TD4) of each technique, test cases that are created may be-vdlid” (i.e|they
contain input values that the test item should accept as correct) or “invalid” (i.e. théy contain at|least
one input value that the test item should reject as incorrect, ideally with an appropriate error mesgage).
In some techniques, such as equivalence partitioning and boundary value analysis, invalid test ¢ases
are usually derived using the “one-to-one” approach as it avoids fault masking by ensuring that|each
test case only includes one invalid input value, while valid test cases are€ typically derived using the
“minimized” approach, as this reduces the number of test cases required'to cover valid test covgrage
items (see 5.2.1.3 and 5.2.3.3).

NOTE Invalid cases are also known as “negative test cases”.

Although the techniques defined in ISO/IEC/IEEE 29119-4 are'each described in a separate clause |(as if
they were mutually exclusive), in practice they could be agplied in a blended way.

EXAMPLE 3  Boundary value analysis could be used to Select test input values, after which pair-wise tgsting
could be used to design test cases from the test input values. Equivalence partitioning could be used to gelect
the classifications and classes for the classification tree’method and then each choice testing could be uged to
construct test cases from the classes.

The techniques presented in ISO/IEC/IEEE*29119-4 could also be used in conjunction with thq test
types that are presented in Annex A. For“éxample, equivalence partitioning could be used to identify
user groups (test conditions) and representative users (test coverage items) from those groups in test
cases that are to be tested during.usability testing.

The normative definitions of(the techniques are provided in Clause 5. The corresponding normptive
coverage measures for each technique are presented in Clause 6. This is supported by informptive
examples of each technigue in Annexes B, C, D and E. Although the examples of each technique
demonstrate manual application of the technique, in practice, automation can be used to support $ome
types of test design.ahd execution (e.g. statement coverage analyzers can be used to support strucfure-
based testing). Annex A provides examples of how the test design techniques defined in this standard
can be applied+to.testing the quality characteristics that are defined in ISO/IEC 25010.

5.2 Specification-Based Test Design Techniques

5,2:1. Equivalence Partitioning

211 D H Taock
CIY-TESES DJTCIIVU 1ICTOU

Equivalence partitioning (BS 7925-2:1998; Myers 1979) uses a model of the test item that partitions the
inputs and outputs of the test item into equivalence partitions (also called “partitions” or “equivalence
classes”), where each equivalence partition shall be defined as a test condition. These equivalence
partitions shall be derived from the test basis, where each partition is chosen such that all values
within the equivalence partition can reasonably be expected to be treated similarly (i.e. they may be
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considered “equivalent”) by the test item. Equivalence partitions may be derived for both valid and
invalid inputs and outputs.

EXAMPLE For a test item expecting lowercase alphabetical characters as (valid) inputs, invalid input
equivalence partitions that could be derived include equivalence partitions containing integers, reals, uppercase
alphabetical characters, symbols and control characters, depending on the level of rigour required during testing.

NOTE1 For outputequivalence partitions, 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.

NOTHE 2 Invalid output equivalence partitions typically correspond to any outputs that have not been
explititly specified. As these are not specified their identification often results in equivalence partitions based
on the subjectivity of the individual tester. This subjective form of test design may also occur when applying
expefience-based techniques like error guessing.

NOTE3  Domain analysis (Beizer 1995) is often classified as a combination of equivalence partitioning and
bounfary value analysis.

5.2.1.2 Derive Test Coverage Items (TD3)

Each|equivalence partition shall be identified as a test coverage item (i.e. for ‘equivalence partitioning
the tpst conditions and test coverage items are the same equivalence partitiens).

5.2.1.3 Derive Test Cases (TD4)

Test [cases shall be derived to exercise the test coverage itemsi{i.e. the equivalence partitions). The
folloyving 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
ases, where two common approaches are (BS 7925-2:1998; Myers 1979):

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

2) minimized, in which equivalence partitions are covered by test cases such that the minimum
number of test cases derived covers@ll equivalence partitions at least once.

INOTE Other approaches to selectifig combinations of test coverage items to be exercised by test cases
gre described in 5.2.5 (Combinatorial jTest Design Techniques).

b) $elect test coverage item(s)«for inclusion in the current test case based on the approach chosen in
ftep a);

c) ldentify input values toexercise the test coverage items to be covered by the test case and arbitrary
alid values for any other input variables required by the test case;

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.

5.2. Classification Tree Method

5.2.2.1 Derive Test Conditions (TD2)

The classification tree method (Grochtmann and Grimm 1993) uses a model of the test item that
partitions the inputs of the test item and represents them graphically in the form of a tree called
a classification tree. The test item’s inputs are partitioned into “classifications”, where each
classification consists of a disjoint (non-overlapping) set of “classes” and often sub-classes, and the
set of classifications is complete (all classifications of all inputs relevant to the test item domain being
modelled have been identified and included). Each classification shall be a test condition. “Classes” that
result from decomposing the classifications may be partitioned further into “sub-classes” depending
on the level of rigour required in the testing. Classifications and classes may be derived for both valid
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and invalid input data, depending on the level of test coverage required. The hierarchical relationships
between classifications, classes and sub-classes are modelled as a tree, in which the input domain of the
test item is placed as the root node, the classifications as branch nodes, and the classes or sub-classes
as leaf nodes.

NOTE The process of partitioning in the classification tree method is similar to equivalence partitioning.
The key difference is that in the classification tree method, the partitions (which are classifications and classes)

must be completely disjoint, whereas in equivalence partitioning, they could overlap depending on how the
fpr‘hnir}np Was :\pplinr‘] In addition the classification tree method also includes the dpcign of a classification tree,

which provides a visual representation of the test conditions.

5.2.2.2 Derive Test Coverage Items (TD3)

Test coverage items shall be derived by combining classes using a chosen combination.approach.
EXAMPLE Two example approaches for combining classes into test coverage items are:

— minimized, in which classes are included in test coverage items such that the‘minimum number of test
coverage items are derived to cover all classes at least once;

— maximized, in which classes are included in test coverage items such that each possible combination of
classes is covered by at least one test coverage item.

[z}

NOTE1 Other approaches to selecting combinations of test.‘eoverage items are described in |5.2
(Combinatorial Test Design Techniques).

NOTE 2  The test coverage items are often illustrated in a cembination table (see Figure B.5 in B.2.2.5).

NOTE 3  The original publication of the classification:tree method (Grochtmann and Grimm 1993) used the
terms “minimal” and “maximal” instead of “minimized~and “maximized”.

5.2.2.3 Derive Test Cases (TD4)

Test cases shall be derived to exercise the test coverage items. The following steps shall be follpwed
during test case derivation:

a) Based on the combinations. of;classes created in step TD3, select one combination for inclusipn in
the current test case thatfias not already been covered by a test case;

b) Identify input values.for any classes that do not already have an assigned value;
c) Determine the expected result of the test case by applying the input(s) to the test basis;

d) Repeatstepsajto c) until the required level of test coverage is achieved.
5.2.3 Boeundary Value Analysis

5.2.3:1V Derive Test Conditions (TD2)

Boundary value analysis (BS 7925-2:1998; Myers 1979) uses a model of the test item that partifions
the inputs and outputs of the test item into a number of ordered sets and suhsets (partitions andlsub-

partitions) with identifiable boundaries, where each boundary is a test condition. The boundaries shall
be derived from the test basis.

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 are the test conditions.

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.

© ISO/IEC 2015 - All rights reserved 9
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5.2.3.2 Derive Test Coverage Items (TD3)

One of the following two options for the derivation of test coverage items shall be applied:

— two-value boundary testing; or

— three-value boundary testing.

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

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

of th

e equivalence partition. This incremental distance shall be defined as the smallest significant value

for the data type under consideration.
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hree-value boundary testing, three test coverage items shall be derived for each boundary (test

dary of the equivalence partition. This incremental distance shall be defined as-the smallest
icant value for the data type under consideration.

conc‘i;ttion) corresponding to values on the boundary and an incremental distance each,side of the

1  Some partitions could have only a single boundary identified in the test basis. For example, the
rical partition “age = 70 years” has a lower boundary but not an obvious upper,botridary. In some cases a
Hary value imposed by the actual implementation can be used as a boundary valne/such as the largest value
s accepted by the input field (such decisions should be documented; for example, in the Test Specification
mentation).

2 Two-value boundary value testing is typically adequate in maost situations; however, three-value
Hary testing could be required for certain circumstances (e.g. fop rigorous testing to check that no errors
made in determining the boundaries of variables in the test itenTby both testers and developers).

3 In both two- and three-value boundary value testing,contiguous partitions (partitions that share a

Hary) will result in duplicate test coverage items, in whieh.case it is typical practice to only exercise these
rated values once. For an example of duplicate boundanies, see B.2.3.4.3.

.3 Derive Test Cases (TD4)

cases shall be derived to exercise the test coverage items. The following steps shall be used during
ase derivation:

Decide on an approach for selecting combinations of test coverage items to be exercised by test
ases, where two common approaches are (BS 7925-2:1998; Myers 1979):

1) one-to-one, in which €adh test case is derived to exercise a specific boundary value;

2) minimized, in which'boundary values are included in test cases such that the minimum number

of test cases areZderived to cover all boundary values at least once.
NOTE 1  In minimized boundary value analysis, each test case can cover multiple test coverage items.

NOTE 2~ Qther approaches to selecting combinations of test coverage items to be exercised by test cases
re deseribéd in 5.2.5 (Combinatorial Test Design Techniques).

belecCt test coverage item(s) for inclusion in the current test case based on the approach chosen in

ter )
d 5

r

c) Identify arbitrary valid values for any other input variables required by the test case that were not
already selected in step b);

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

e) Repeat steps b) to d) until the required level of test coverage is achieved.

10

© ISO/IEC 2015 - All rights reserved
© IEEE 2015 - All rights reserved



https://standardsiso.com/api/?name=52b6a481b88b3e829dd352730b4a4ec6

ISO/IEC/IEEE 29119-4:2015(E)

5.2.4 Syntax Testing

5.2.4.1 Derive Test Conditions (TD2)

Syntax testing (Beizer 1995; Burnstein 2003) uses a formal model of the inputs to a test item as the

basis for test design. This syntax model is represented as a number of rules, where each rule de

fines

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. The test

condition in syntax testing shall be the whole or partial model of the inputs to the test item.

EXAMPLE1  Backus-Naur Form is a formal meta-language that can be used to define the syntax for.atesf
in a textual format.

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

5.2.4.2 Derive Test Coverage Items (TD3)

In syntax testing the test coverage items are derived based on two goals: positive testing, in whic}
coverage items are derived to cover the valid syntax in various ways, and’negative testing, in W

item

1 test
rhich

test coverage items are derived to deliberately violate the rules of-the syntax. Test coverage items

for positive testing shall be “options” of the defined syntax, whereas'test coverage items for neg
testing shall be “mutations” of the defined syntax.

The following guidelines may be used to derive “options” (although alternative guidelines may be
where appropriate):

— whenever selection is mandated by the syntax, aifoption” is derived for each alternative proy
for that selection;

EXAMPLE1 For the input parameter “colour s-Blue | Red | Green” (where | represents the “OR” Bo
operator), three options “Blue”, “Red” and “Green™will be derived as test coverage items.

— whenever an iteration is mandated by the syntax, at least two “options” are derived for the itera
one with the minimum number of.repetitions and the other with more than the minimum nu
of repetitions;

EXAMPLE 2 For the input parameter “letter = [A - Z | a - z]*” (Where “+” represents “one or more”), two op
“one letter” and “more than one letter”, will be derived as test coverage items.

— whenever iterationis'mandated with a maximum number of repetitions, at least two “optiong”

derived for the iteration; one with the maximum number of repetitions and the other with
than the maximum number of repetitions.

EXAMPLE 3  (Eer the input parameter “letter = [A - Z | a - z]100” (where “100” represents the fact that a
can be chosen Mp to 100 times), two options “100 letters” and “more than 100 letters” will be derived a
coverage ifemms.

The _fellowing guideline may be used to derive “mutations” (although alternative guidelines m3
uséd-where appropriate):

ative
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— for any input, the defined syntax may be mutated to derive invalid inputs (“mutations”).

EXAMPLE 4  For the input parameter “colour = Blue | Red | Green”, one “mutation” could be to introdu

ce an

invalid value for the parameter as the test coverage item, such as selecting the value “Yellow”, which does not

appear in the input parameter list. Other example mutations are provided in B.2.4.5.
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5.2.4.3 Derive Test Cases (TD4)

Test cases for syntax testing shall be derived to cover the chosen 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:

1L_one-to-one, in which each test case is derived to exercise a specific option, iteration and/or

mutation; or

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

INOTE Other approaches to selecting combinations of test coverage items to be exerciséd\by test cases
gre described in 5.2.5 (Combinatorial Test Design Techniques).

b) $elect test coverage item(s) for inclusion in the current test case;

c) Identify input values to exercise the test coverage item(s) to be covered by the test case and
rbitrary valid values for any other input variables required by the test'case;

d) Determine the expected result of the test case by applying the inpuit(s) to the test basis;

e) Repeat steps b) to d) until all derived options, iterations and Jor'mutations are exercised.

5.2 Combinatorial Test Design Techniques

5.2.3.1 Overview

Combinatorial test design techniques are used to_systematically derive a meaningful and manageable
subsgt of test cases that cover the test conditions and test coverage items that are derivable during
testihg. The combinations of interest are defined in terms of test item parameters and the values
thes¢ parameters can take. Where numerous parameters (each with numerous discrete values) must
interfact, this technique enables a significant reduction in the number of test cases required without
compromising functional coverage.

5.2.3.2 Derive Test Conditiens(TD2)

The test item parametersrepresent particular aspects of the test item that are relevant to the testing,
and ¢ften correspond te'the input parameters to the test item, but other aspects may also be used.

EXAMPLE1 In configuration testing, the parameters could be various environment factors, such as operating
systejm and browsen.

Each|test iterh 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
smalll set.of possible values while other test item parameters may be far less constrained.

EXAMPLE Z A testitem parameter that 1s naturally constrained to a small number of values 1S a day_oI_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.

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 a large set of possible values for
a parameter to a manageable subset.
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The test conditions for combinatorial testing are the same for all the combinatorial test design
techniques; each test condition shall be a chosen test item parameter (P) taking on a specific value (V),

resulting in a P-V pair.
5.2.5.3 All Combinations Testing

5.2.5.3.1 Derive Test Coverage Items (TD3)

In ‘all combinations’ testing (Grindal, Offutt and Andler 2005) the test coverage items shall be mendbg
the set of all unique combinations of P-V pairs, such that each parameter is included at least once-inth

5.2.5.3.2 Derive Test Cases (TD4)

Test cases shall be derived in which each test case exercises one unique combination of P-V pairs
following steps shall be used during test case derivation:

a) Selecttest coverage item(s) for inclusion in the current test case that have’not already been coy
by a test case;

b) Determine the expected result of the test case by applying the input(s) to the test basis;
c) Repeatstepsa) and b) until the required level of test coverage'is achieved.

NOTE The minimum number of test cases required to achieye 100% all combinations testing cov
corresponds to the product of the number of P-V pairs for eachtest item parameter.

5.2.5.4 Pair-wise Testing

5.2.5.4.1 Derive Test Coverage Items (TD3)

In pair-wise testing (Grindal, Offutt and Andler 2005), the test coverage items shall be unique
of P-V pairs, where each P-V pair within‘the pair is for a different test item parameter. Instead

brs of
e set.

The

ered

brage

bairs
bf all

possible combinations of the parameteérs (as was required for all combinations testing), this techmique

covers all possible pairs of the sele¢ted values within the total set, thereby efficiently exercising thg
item with fewer test cases. Pajr-wise testing is also known as “all pairs” testing.

5.2.5.4.2 Derive Test Cases (TD4)

Having first identified the P-V pairs, test cases shall be derived to exercise pairs of P-V pairs, where
test case exercisesne or more unique pairs. The following steps shall be used during test case deriva

a) Selecttestcoverage item(s) for inclusion in the current test case, where each pair of P-V pairs c
a different pair 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;

¢} \VPetermine the expected result of the test case by applying the input(s) to the test basis;

b test

each
tion:

Vers

d) Repeat steps ;1) to r) until all unique pairs of P-V pairs have heen exercised

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) to determine a near-optimal set.
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5.2.5.5 Each Choice Testing

5.2.5.5.1 Derive Test Coverage Items (TD3)

In each choice (or 1-wise) testing (Grindal, Offutt and Andler 2005), 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.

5.2.5 ses (TD4)

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

a) $elect test coverage item(s) for inclusion in the current test case, where at least one selected test
overage 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) DPetermine the expected result of the test case by applying the input(s) 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 cleice testing corresponds to the
maxjmum number of values any one of the test item parameters can take.

5.2.5.6 Base Choice Testing

5.2.3.6.1 Derive Test Coverage Items (TD3)

In base choice testing (Grindal, Offutt and Andler 2005), the test coverage items shall be sets of P-V
pairg for each of the input parameters, where all parameters except one are set to their “base” value and
the f]nal parameter is set to one of its other validvalues.

NOTH There are anumber of approaches for‘choosing the base values for each parameter. For example, they can
be chpsen from the operational profile, fromthe typical path in scenario testing, from the test coverage items that
are derived during equivalence partitioning.or from the default (most frequently used) values for the parameter.

5.2.3.6.2 Derive Test Cases (TD4)

Havipg first identified the P-Vpairs, base choices for each of the parameters shall be chosen. Test cases
shallfbe derived by setting all but one parameter to its base choice and then setting the final parameter
to a valid value until the required level of test coverage of PV-pairs is achieved. The following steps shall
be uged during testcase derivation:

a) Derive the base-choice test case by setting each parameter to its “base” value;

b) (reateahew test case by setting one parameter to a valid (non-base choice) value while keeping
thefemaining set of parameters to their base choice values;

c) etermine the expected resuit of the New test case Dy applying the INputs to the test basis;

d) Repeatsteps b) and c) until the required level of test coverage is achieved.
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5.2.6 Decision Table Testing

5.2.6.1 Derive Test Conditions (TD2)

Decision table testing (BS 7925-2:1998, Myers 1979) uses a model of the logical relationships (decision
rules) between conditions (causes) and actions (effects) for the test item in the form of a decision
table, where:

— —each Booiean condition defiNes a pair of INput equivalence partitions for the test item] one
corresponding to the “true” case, and one to the “false” case;

— each action is an expected outcome or a combination of outcomes for the test item expressed as a
Boolean;

— aset of decision rules defines the required relationships between conditions andiactions.
The test conditions shall be the conditions and actions.

NOTE If conditions consist of multiple values rather than simple Booleans{ this results in an “extgnded
entry” decision table, the testing of which can be handled by equivalence partitioning.

5.2.6.2 Derive Test Coverage Items (TD3)

In decision table testing, each decision rule, which defifies' the relationship between a unique
combination of the test item’s conditions and actions, is a test-coverage item.

5.2.6.3 Derive Test Cases (TD4)

Test cases shall be derived to exercise the decision rules (test coverage items), where each test|case
defines the relationship between the inputs andoutputs, and each decision rule corresponds to a unique
combination of Boolean conditions. The following steps shall be used during test case derivation:

a) Select test coverage item(s) from thé decision table for implementation as a test case;

b) Identify input values to satisfy the input condition(s) of the decision rule(s) to be covered by the
test case and arbitrary valid.values for any other input variables required to execute the test dase;

c) Determine the expected result of the test case by applying the input(s) to the decision table;
d) Repeat steps a) to.¢) iintil the required level of test coverage is achieved.
NOTE If the décision table contains dependent input conditions then this could result in infegsible

combinations (e.g-“age less than 18” and “age greater than 65” both set to true). In this situation such infegsible
decision rules should be identified and documented and are not used to derive test cases.

5.2.7 _Cause-Effect Graphing

5:2/7.1 Derive Test Conditions (TD2)

Cause-offect graphing (RQ 7925.2-1 QQQ’ Mynrc 1070' Nursimulu and Prohert 1QQ':) uses-amadel df the

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

— each Boolean cause defines a pair of input equivalence partitions for the testitem, one corresponding
to the “true” case, and one to the “false” case; and

— each effect defines an expected output condition or combination of output conditions for the test
item expressed as a Boolean.

The test conditions shall be the causes and effects.
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The cause-effect graph models logical relationships between causes and effects as a Boolean logic
network weighted by Boolean operators, and can optionally model syntactic and semantic constraints
over relationships between causes and relationships between effects (see Figures B.11 and B.12 in
Annex B.2.7.4).

5.2.7.2 Derive Test Coverage Items (TD3)

In cause-effect graphing, each decision rule, which defines the relationship between a unique

combination of the test item'’s causes and effects, is a test coverage item.

5.2.7.3 Derive Test Cases (TD4)

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

a) $elect test coverage item(s) to be implemented in the current test case;

b) Identify input values to exercise the test coverage item(s) to be covered\by the test case and
grbitrary valid values for any other input variables required to execute the-test case;

c) Determine the expected result of the test case by applying the input(s) to the cause-effect graph
gnd/or decision table;

d) Repeat steps a) to c) until the required level of test coverage {s achieved.
5.2.8 State Transition Testing

5.2.8.1 Derive Test Conditions (TD2)

Statq transition testing (BS 7925-2:1998, Copeland 2004) uses a model of the states the test item may
occupy, the transitions between states, the eyénts which cause transitions and the actions that may
result from the transitions. The states of the'model shall be discrete, identifiable and finite in number.
An individual transition may be constrained by an event guard, which defines a set of conditions that
musf be true when the event occurs, in-0rder for the transition to occur. In state transition testing, the
test ¢onditions may be all states of the state model, all transitions of the state model or the entire state
model, depending on the coverage requirements of testing. The model may be represented as a state
trangition diagram or a state table (although other representations may also be used).

5.2.8.2 Derive Test Coverage Items (TD3)

In sthte transition tésting, test coverage items will change depending on the chosen test completion
criterion and testydesign approach. Possible test completion criteria include but are not limited to
the fpllowing:

— ¢tates,imwhich test coverage items shall be derived to enable all states in the state model to be
lvisited”;

. 1 ' . LO L | T Jos 1o 4 n e 1 111 | o P R 1.l
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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);

— 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.
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5.2.8.3 Derive Test Cases (TD4)

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) Select test coverage item(s) for inclusion in the current test case;

b) Identify input values to exercise the test coverage item(s) to be covered by the test case;

c) Determine the expected result of the test case by applying the input(s) to the test basis (the expg

result may be defined in terms of outputs and the states visited as described in the state model);

d) Repeatsteps a) to c) until the required level of test coverage is achieved.
5.2.9 Scenario Testing

5.2.9.1 Derive Test Conditions (TD2)

Scenario testing (Desikan and Ramesh 2007) uses a model of the sequengés of interactions betj
the test item and other systems (in this context users are often considéred to be other systems) fo
purpose of testing usage flows involving the test item. Test conditiotis’shall either be one sequen
interactions (i.e. one scenario) or all sequences of interactions (i.e{ all scenarios).

In scenario testing, this step shall include identification of:

— the “main” scenario which is the typical sequence of-actions that are expected of the test item
arbitrary choice when no typical sequence of actignsvis known; and

— “alternative” scenarios that represent alterndtive (non-main) scenarios that may be taken thr
the test item.

NOTE1  Alternative scenarios can include abnormal use, extreme or stress conditions and exceptions.

NOTE 2  Scenario testing is typically uséd for conducting “end-to-end testing” during functional testing
as during system testing or acceptance‘testing.

One common form of scenario testing called use case testing (Bath 2008; Hass 2008) utilises a use|
model of the test item that deseribes how the test item interacts with one or more actors for the pur
of testing sequences of intéractions (i.e. scenarios) involving the test item.

NOTE3 In use case(testing, the use case model must be of a type that describes how various action
performed by the testitém as a result of various triggers from the actors. An actor can be a user or another sy

NOTE4  Transaction flow testing (Beizer 1995) is often classified as a type of scenario testing.

5.2.9.2 _Derive Test Coverage Items (TD3)

The<est coverage items shall be the main and alternative scenarios (i.e. the test coverage items ar

same as the test conditions). Therefore, no further action is required at this step for this technique|.
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5.2.9.53 Derive Test Cases (TD4)

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

least one test case. The following steps shall be used during test case derivation:

a) Select test coverage item(s) to exercise in the current test case;

b) Identify input values to exercise the test coverage item(s) covered by the test case;

c) Determine the expected result of the test case by applying the input(s) to the test basis;

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

5.2.10.1 Derive Test Conditions (TD2)

Random testing (BS 7925-2:1998; Craig and Jaskiel 2002; Kaner 1988) uses a model of the input
domain of the test item that defines the set of all possible input values. An input distribution for the
generation of random input values shall be chosen. The entire input domain shall be the test condition
for random testing.

EXANMPLE Types of input distributions include the normal distribution, uniform distribution and
operational profile.

5.2.10.2 Derive Test Coverage Items (TD3)

Ther are no recognised test coverage items for random testing.

5.2.10.3 Derive Test Cases (TD4)

Test fases for random testing shall be chosen by randomly selecting input values from the input domain
of the test item (or pseudo-randomly if using a tool) according to the chosen input distribution. The
following steps shall be used during test case derivation:

a) $electan input distribution for the selection of test inputs;

b) (enerate random values for the test inputs based on the inputdistribution chosen in step a);
c) etermine the expected result of the test case by applying the input(s) to the test basis;

d) Repeatstepsb) and c) until the required testing has been completed.

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

NOTE 2  Stepb) is normally automated.
5.3 [ Structure-Based Test Design Techniques
5.3.1 Statement Testing

5.3.1.1 Derive Test Conditions (TD2)

A madel of the source‘cede of the test item which identifies statements as either executable or non-
execpitable shall benderived (BS 7925-2:1998, Myers 1979). Each executable statement shall be a
test fondition.

NOTH The\identification of non-executable statements could be carried out during step TD4, using an
autorhatedstool.

5.3.1.2~ Derive Test Coverage Items (TD'Z)

Each executable statement shall be a test coverage item (i.e. the test coverage items are the same as the
test conditions). Therefore, no further action is required at this step for this technique.

5.3.1.3 Derive Test Cases (TD4)
The following steps shall be followed during test case derivation:

a) Identify control flow sub-path(s) that reach one or more test coverage items that have not yet been
executed during testing;
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b) Determine the test inputs that will cause the control flow sub-path(s) to be exercised;

c) Determine the expected result from exercising the control flow sub-path(s) by applying the

corresponding test inputs to the test basis;

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

5.3.2 Branch Testing

5.3.2.1 Derive Test Conditions (TD2)

A control flow model that identifies branches in the control flow of the test item shall .be de
(BS 7925-2:1998; 4.7.1). Each branch in the control flow model shall be a test condition

Abranch is:
— aconditional transfer of control from any node in the control flow model to'any other node; or

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

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

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

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

NOTE 3  Function and method calls are not identifiedas separate test conditions in branch testing.

5.3.2.2 Derive Test Coverage Items (TD3)

Each branch in the control flow model shall be a test coverage item (i.e. the test coverage items arj

same as the test conditions). Therefore, no further action is required at this step for this technique.

5.3.2.3 Derive Test Cases (TD4)
The following steps shallbe followed during test case derivation:

a) Identify control flow sub-path(s) that reach one or more test coverage items that have not yet
executed durihgtesting;

b) Determinethe testinputs that will cause the control flow sub-path(s) to be exercised;

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

d) \(Repeat steps a) to c) until the required level of test coverage is achieved.
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NOTE 2  If there are multiple entry points to the test item, sufficient test cases will be required to cover

each entry point.
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5.3.3 Decision Testing

5.3.3.1 Derive Test Conditions (TD2)

A control flow model of the test item that identifies decisions shall be derived. Decisions are points in
the test item where two or more possible outcomes (and hence sub-paths) may be taken by the control
flow (BS 7925-2:1998, Myers 1979). Typical decisions are used for simple selections (e.g. if-then-else
in source code), to decide when to exit loops (e.g. while-loop in source code), and in case (switch)

statdments (e.g. case-1-2-3-...-N in source code). In decision testing, each decision in the control flow
model shall be a test condition.

5.3.3.2 Derive Test Coverage Items (TD3)

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

5.3.3.3 Derive Test Cases (TD4)

The following steps shall be followed during test case derivation:

a) Identify control flow sub-path(s) that reach one or more test coverage items that have not yet been
xecuted during testing;

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

c) etermine the expected result from exercising the control{flow sub-path(s) by applying the test
inputs to the test basis;

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

NOT If there are no decisions in the test item then a sihgle test condition, test coverage item and test case is
still fequired.

5.3. Branch Condition Testing

5.3.4.1 Derive Test Conditions (TD2)

A control flow model of the test item that identifies decisions and conditions within decisions shall be
deriyed. Decisions are points jiiithe test item where two or more possible outcomes (and hence sub-
pathp) may be taken by the eontrol flow (BS 7925-2:1998, Myers 1979). Typical decisions are used for
simplle selections (e.g. if-then=else in source code), for deciding when to exit loops (e.g. while-loop in
sourfe code), and for case’statements (e.g. case-1-2-3-...-N in source code, also referred to as switch
statgments). In branch-condition testing (BS 7925-2:1998), each decision shall be a test condition.

EXANPLE In pregram source code the decision statement “if A OR B AND C then” is a test condition that
contdins three conditions related by logical operators.

5.3.4.2 . Derive Test Coverage Items (TD3)

In branrh condition testinag 3l Baaolean values (Arue/falcse)l of the conditionfs) within decisians shall he

AEEEE it ottty = B e | i At J R IR ITITEIW MM AR
identified as test coverage items. The decision outcomes from each decision shall also be identified as
test coverage items.

5.3.4.3 Derive Test Cases (TD4)
The following steps shall be followed during test case derivation:

a) Identify control flow sub-path(s) that cover one or more test coverage items that have not yet been
executed during testing;

b) Determine the test inputs that will cause the control flow sub-path(s) to be exercised;
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c) Identify a subset of test inputs from step b) to cover the Boolean values of conditions within the

decision and the decision outcomes;

d) Determine the expected result from exercising the control flow sub-path(s) by applying the test

inputs to the test basis;
e) Repeatsteps a) to d) until the required level of test coverage is achieved.

NOTE If there are no decisions in the test item then a single test condition, test coverage item and test ¢

aseis

still required.
5.3.5 Branch Condition Combination Testing

5.3.5.1 Derive Test Conditions (TD2)

A control flow model of the test item which identifies decisions and conditions,shall be derive
branch condition combination testing (BS 7925-2:1998), each decision shall bé@atest condition.

EXAMPLE In program source code the decision statement “if A OR B AND\C.then” is a test conditioj
contains three conditions related by logical operators.

5.3.5.2 Derive Test Coverage Items (TD3)

d. In

that

Each unique feasible combination of Boolean values of conditions within each decision shall be

identified as a test coverage item (BS 7925-2:1998, Myers(1979). This includes simple decisions, W
combinations consist of two individual Boolean outcomes)of a single condition within a decision.

5.3.5.3 Derive Test Cases (TD4)
The following steps shall be followed during tést case derivation:

a) Identify control flow sub-path(s) thatiteach one or more test coverage items that have not yet
executed during testing;

b) Determine the set of test inputs-that will cause the identified control flow sub-path(s) to be exerd

c) Identify a subset of test inputs from step b) to cover the selected combination of Boolean valy
conditions within the decision;

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

NOTE If there are no decisions in the test item then a single test condition, test coverage item and test c
still required:

5.3.6 . “Modified Condition Decision Coverage (MCDC) Testing

here

been

ised;

es of
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5.3.6.1 Derive Test Conditions (TD2)

A control flow model of the test item that identifies decisions and conditions shall be derived. In modified
condition decision coverage (MCDC) testing (BS 7925-2:1998), each decision shall be a test condition.

EXAMPLE In program source code the decision statement “if A OR B AND C then” is a test condition that

contains three conditions related by logical operators.

5.3.6.2 Derive Test Coverage Items (TD3)

Each unique feasible combination of individual Boolean values of conditions within a decision

that

allows a single Boolean condition to independently affect the outcome of the decision shall be identified
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as a test coverage item. Whether a condition independently affects the outcome of a decision is shown
by varying only that condition while holding all other possible conditions to fixed states.

NOTE This includes simple decisions, where combinations consist of two individual Boolean outcomes of a
single condition within a decision.

5.3.6.3 Derive Test Cases (TD4)

The fo

a) ldentify control flow sub-path(s) that reach one or more test coverage items that have not yet been
¢xecuted during testing;

b) Determine the set of test inputs that will cause the identified control flow sub-path(s) to be éxercised;

c) ldentify a subset of test inputs from step b) to cover the selected combinations of indjvidual Boolean

yalues of conditions within the decision that allow a single Boolean condition/to ihdependently
affect the outcome;

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

NOTH If there are no decisions in the test item then a single test condition,test coverage item and test case is
still gequired.

5.3.7 Data Flow Testing

5.3.7.1 Derive Test Conditions (TD2)

In dqta flow testing (Burnstein 2003), 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
subspquent use(s) of the same variable and within which there has been no intervening redefinition of
the viariable’s value.

“Definitions” are where a variable is pessibly given a new value (sometimes a definition will result in a
varigble retaining the same value as(ityhad before). A “use” is an occurrence of a variable in which the
varigble is not given a new value; uses” can be further distinguished as either “p-uses” (predicate-use)
or “ctuses” (computation-use)..Aip-use denotes the use of a variable in determining the outcome of a
condiition (predicate) within-a~decision, such as a while-loop, if- then- else, etc. A c-use occurs when a
varigble is used as an input.to'the computation of the definition of any variable or of an output.

In dqta flow testing, each’definition-use pair for a variable in the test item is a test condition.

There are a numberof forms of data flow testing, which are all based on the same test conditions. The
five forms defined'in this part of ISO/IEC/IEEE 29119 are: all-definitions testing, all-c-uses testing, all-
p-uses testing;.all-uses testing, and all-du-paths testing.

5.3.7.2., “All-Definitions Testing

5.3.7.2.1 Derive Test Coverage Items (TD3)

The control flow sub-paths from each variable definition to some use (either p-use or c-use) of that
definition shall be identified as test coverage items. Each sub-path is known as a “definition-use” path. “All-
definitions” testing requires that at least one definition-free sub-path (with relation to a specific variable)
from the definition to one of its c-uses or p-uses will have been covered for all variable definitions.
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5.3.7.2.2 Derive Test Cases (TD4)
The following steps shall be followed during test case derivation:

a) Identify definitions that have not yet been executed during testing;

b) Determine the testinputs that will cause the control flow sub-path(s) from the identified definitions

to be exercised;

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

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

NOTE In practice, these steps could require automation.
5.3.7.3 All-C-Uses Testing

5.3.7.3.1 Derive Test Coverage Items (TD3)

The control flow sub-paths from each variable definition to each®c;use of that definition sha
identified as test coverage items. “All-c-uses” testing requires that\at least one of the definition
sub-paths (with relation to a specific variable) from the definition to each one of its c-uses will
been covered for all relevant variable definitions.

5.3.7.3.2 Derive Test Cases (TD4)
The following steps shall be followed during test case'derivation:

a) Identify control flow sub-path(s) from vagiable definitions to a subsequent c-use of that defin
(with no intervening definitions) that have not yet been executed during testing;

b) Determine the test inputs that will.catse the control flow sub-path(s) to be exercised;

c) Determine the expected result from exercising the control flow sub-path(s) by applying the
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 Derive Test Coverage Items (TD3)

The controhflow sub-paths from each variable definition to each p-use of that definition sha
identified as test coverage items. “All-p-uses” testing requires that at least one of the definition
sub-pdths (with relation to a specific variable) from the definition to each one of its p-uses will
beefrcovered for all relevant variable definitions.
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5.3.7.4.2 Derive Test Cases (TD4)

The following steps shall be followed during test case derivation:

a) Identify control flow sub-path(s) from variable definitions to subsequent p-use of that definition

(with no intervening definitions) that have not yet been executed during testing;

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

c) Determine the expected result from exercising the control flow sub-path(s) 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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5.3.7.5 All-Uses Testing

5.3.7.5.1 Derive Test Coverage Items (TD3)

The control flow sub-paths from each variable definition to every use (both p-use and c-use) of that
definition shall be identified as test coverage items. “All-uses” testing requires that at least one sub-
path from each variable definition to each one of its uses that can be reached (without an intervening
definition of the variable) is covered.

5.3.1.5.2 Derive Test Cases (TD4)
The following steps shall be followed during test case derivation:

a) Identify control flow sub-path(s) from variable definitions to a subsequent p-use or ¢-use of that
efinition that have not yet been executed during testing;

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

c) etermine the expected result from exercising the control flow sub-path(s)by applying the test
inputs to the test basis;

d) Repeat steps a) to c) until the required level of test coverage is achieved:
5.3.17.6 All-DU-Paths Testing

5.3.1.6.1 Derive Test Coverage Items (TD3)

The fontrol flow sub-paths from each variable definitionto every use (both p-use and c-use) of that
defirnjition shall be identified as test coverage items. “All-du-paths” testing requires that all sub-paths
from| each variable definition to each of its uses that'ean be reached (without an intervening definition
for the variable) is covered.

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

to atfempt 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 beitested to attempt to achieve 100% test item coverage.

5.3.1.6.2 Derive Test Cases (TD4)

The following steps shall be foellowed during test case derivation:

a) ldentify control flow'sub-path(s) from variable definitions to every subsequent p-use and c-use of
hat definition thathave not yet been executed during testing;

b) Determine thetest inputs that will cause the control flow sub-path(s) to be exercised;

) eterminethe expected result from exercising the control flow sub-path(s) by applying the test
inputs tothe test basis;

d) Répeat steps a) to c) until the required level of test coverage is achieved.
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5.4 Experience-Based Test Design Techniques
5.4.1 Error Guessing

5.4.1.1 Derive Test Conditions (TD2)

Error guessing (BS 7925-2:1998, Myers 1979) involves the design of a checklist of defect types that may

exist in the test item, q”m/\ring the tester to idpnfify inputs to the test item that may cause failures, if

those defects exist in the test item. Each defect type shall be a test condition.

NOTE The checklist of defect types could be derived by various means, such as taxonomies of k
errors, information contained in incident management systems, from a tester’s knowledge, experience a
understanding of the test item(s) and/or similar test items or from the knowledge of other(stakeholder;
system users or programmers).

5.4.1.2 Derive Test Coverage Items (TD3)

There are no recognised test coverage items for error guessing.

5.4.1.3 Derive Test Cases (TD4)

Test cases for error guessing are typically derived by selecting @defect type from a checklist of d
types that are to be covered and deriving test cases that couldidetect that defect type in the test it
it existed. The following steps shall be used during test case derivation:

a) Selecta defect type(s) for coverage by the currenttest case;

b) Identify input values that could be expectéd-to cause a failure corresponding to the selg
defect type(s);

c) Determine the expected result of the test case by applying the input(s) to the test basis;

d) Repeatsteps a) to c) until the required testing has been completed.

6 Test Coverage Measurement

6.1 Overview

The coverage measures defined in this part of ISO/IEC/IEEE 29119 are based on differing degre
coverage that are achievable by test design techniques. Coverage levels can range from 0% to 100
each coverage-calculation, a number of test coverage items may be infeasible. A test coverage item
be defined to be infeasible if it can be shown to not be executable or impossible to be covered by ¢
case. The‘coverage calculation shall be defined as either counting or discounting infeasible items
choicewill typically be recorded in the Test Plan (defined in ISO/IEC/IEEE 29119-3). If a test covsg
item-is*discounted, justification for its infeasibility will typically be recorded in a test report. In
coverage calculation, if there are no test coverage items of a given type in a test item, 100% coverag
that type of coverage will be defined as being inapplicable for that test item.
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When calculating coverage for any technique, the following formula shall be used:
N
Coverage = (? X 100) %

where:
— Coverage is the coverage achieved by a specific test design technique;

— Nis the number of test coverage items covered by executed test cases;
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— Tis the total number of test coverage items identified by the test design technique.

Specific values for Coverage, N and T for each technique are defined in the clauses below. The set of
coverage measures presented in the following clauses are designed to be used with the test design
techniques presented in this standard. They are not designed to be an exhaustive list; there may be
other coverage measures that are used by organizations that are not mentioned in this clause.

EXAMPLE Other measures that could be required for assessing the completeness of testing include
measuring the overall percentage of requirements that have been covered during testing

6.2 | Test Measurement for Specification-Based Test Design Techniques

6.2.1 Equivalence Partition Coverage

Covejrage for equivalence partitioning shall be calculated using the following definitions:
— (overage is the equivalence partition coverage;

— NN is the number of partitions covered by executed test cases;

— T is the total number of partitions identified.

6.2.1 Classification Tree Method Coverage

Covefrage for the classification tree method shall be calculated usingthe following definitions.
For rhinimized combination coverage, the following definitiofs shall be used:

— (overage is the minimized combination coverage classification tree method coverage;

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

— T is the total number of classes.

For rhaximized combination coverage the follewing definitions shall be used:

— (Coverage is the maximized combination classification tree method coverage;

— N is the number of combinatiens of classes covered by executed test cases;

— T is the total number of gombinations of classes.

6.2.3 Boundary Value-Analysis Coverage
Coverrage for boundary value analysis shall be calculated using the following definitions:
— (overageis'the boundary value coverage;

— NNis thenumber of distinct boundary values covered by executed test cases;

— T isthe 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 for syntax testing.

NOTE Calculating coverage as a percentage is not possible for syntax testing due to the potentially extremely
large number of options and infinite number of mutations possible.
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6.2.5 Combinatorial Test Design Technique Coverage

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

— Coverage is all combinations coverage;
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— T is the total number of unique P-V pair combinations (the product of the number of P-¥pair
each test item parameter).

NOTE For a definition of P-V pair, refer to 4.2.3.

6.2.5.2 Pair-wise Testing Coverage

Coverage for pair-wise testing shall be calculated using the following definitions:
— Coverage is pair-wise coverage;

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

— T is the total number of unique pairs of P-V pairs.

6.2.5.3 Each Choice Testing Coverage

Coverage for each choice testing shall be calculated using the following definitions:
— Coverage is each choice coverage;

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

— T is 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:
— Coverage is base choice coverage;

— N is the number, of base choice combinations covered by executed test cases (all but one test
parameter setto the base value, and the remaining test item parameter set to valid values), plu
(for when‘all test item parameters are set to the base value) if exercised;

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

6.2.6 Decision Table Testing Coverage

s for

item
5 one

base
item

Coverage for decision table testing shall be calculated using the following definitions:
— Coverage is decision table coverage;
— Nis the number of feasible decision rules covered by executed test cases;

— T is the total number of feasible decision rules.
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6.2.7 Cause-Effect Graphing Coverage

Coverage for cause-effect graphing shall be calculated using the following definitions:

— Coverage is the cause/effect coverage;

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

— T is the total number of feasible decision rules.
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State Transition Testing Coverage
rage for all states testing shall be calculated using the following definitions:
[overage is all states coverage;

N is the number of states covered by executed test cases;

T is the total number of states.

rage for single transitions (0-switch coverage) shall be calculated using the following definitions:
[overage is 0-switch coverage;

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

T is the total number of single valid transitions.

rage for all transitions shall be calculated using the following definitions:
[overage is all transitions transition coverage;

N is 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.

rage for N+1 transitions (N switch testing) shall be calculated using the following definitions:
[overage is N-switch coverage;

N is the number of N+1 valid.transitions covered by executed test cases;

T is the total number of §equences of N+1 valid transitions.

Scenario Testing Coverage

rage for scenavio testing (including use case testing) shall be calculated using the following
itions:

[overage'is scenario coverage;

Ndsithe number of scenarios covered by executed test cases;

— T is the total number of scenarios.

6.2.10 Random Testing Coverage

Ther
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e is currently no industry agreed approach to calculating coverage for random testing.
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6.3 Test Measurement for Structure-Based Test Design Techniques

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

— Coverage is statement coverage;
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— T is the total number of executable statements.

6.3.2 Branch Testing Coverage

Coverage for branch testing shall be calculated using the following definitions:
— Coverage is branch coverage;

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

— T is the total number of branches.

NOTE For situations where there are no branches in the test item; a-single test is required to achieve
branch coverage.

6.3.3 Decision Testing Coverage

Coverage for decision testing shall be calculated using the following definitions:
— Coverage is decision coverage;

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

— Tis the total number of decision outcomes.

NOTE For situations where therefare no decisions in the test item, a single test is required to achieve
decision coverage.

6.3.4 Branch Condition:Testing Coverage
Coverage for branch c¢ondition testing shall be calculated using the following definitions:
— Coverage is branch condition coverage;

— N is thepumber of Boolean values of conditions within decisions plus the number of deg
outcomes covered by executed test cases;

— T.s/the total number of Boolean values of conditions within decisions plus the total numb
decision outcomes.

100%

100%

ision

er of

100%

NOTE For situations where there are no decisions in the test item, a single test is required to achieve

branch condition coverage.

6.3.5 Branch Condition Combination Testing Coverage

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

— Coverage is branch condition combination coverage;

— N is the number of combinations of Boolean values of conditions within each decision covered by

executed test cases;
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T is the total number of unique combinations of Boolean values of conditions within decisions.

NOTE For situations where there are no decisions in the test item, a single test is required to achieve 100%
branch condition combination coverage.

6.3.6 Modified Condition Decision (MCDC) Testing Coverage

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

overage is modified condition decision coverage;

is the number of unique feasible combinations of individual Boolean values of conditions within
ecisions that allow a single Boolean condition to independently affect the decision outcome to be
overed by executed test cases;

T is the total number of unique combinations of individual Boolean values of gonditions within
dlecisions that allow a single Boolean condition to independently affect the outcomeé.

NOTH For situations where there are no decisions in the test item, a single test igTequired to achieve 100%
modified condition decision coverage.

6.3.7 Data Flow Testing Coverage

6.3.7.1 All-Definitions Testing Coverage

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

[overage is all-definitions coverage;

N is the number of definitions associated with data-definition-use pairs covered by executed test
ases;

T is the total number of definitions-use pairs from distinct variable definitions.

6.3.7.2 All-C-Uses Testing Coverage

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

[overage is all-c-uses coverage;
N is the number of definition-c-use pairs covered by executed test cases;

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

6.3.7.3 All-P-Uses Testing Coverage

Coverrage for.all-p-uses testing shall be calculated using the following definitions:

[Overage is all-p-uses coverage;

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

T is the total number of definition-p-use pairs.

6.3.7.4 All-Uses Testing Coverage

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

30

Coverage is all-uses coverage;

N is the number of unique definition-use pairs covered by executed test cases;
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— T is the total number of definition-use pairs from each definition to both p-use and c-use of that
definition.

6.3.7.5 All-DU-Paths Testing Coverage
Coverage for all-du-paths testing shall be calculated using the following definitions:

— Coverage is all-du-paths coverage;

— N is the number of sub-paths from each variable definition to each of its uses that can be, feached
(without an intervening definition of the variable) covered by executed test cases;

— Tisthetotalnumber of simple sub-paths from each definition to both p-use and c-use of that defin|tion.
6.4 Test Measurement for Experience-Based Testing Design Techniques

6.4.1 Error Guessing Coverage

There is currently no industry agreed approach to calculating coveragefor‘error guessing.
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A1l

A.l.

Annex A
(informative)

Testing Quality Characteristics

Quality Characteristics

Il Overview

Softyvare testing is carried out to collect evidence as to whether required quality criteria have been

satis
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fied by a test item. This informative annex contains examples of how quality characteristics
ed in ISO/IEC 25010 (ISO/IEC 25010:2011) can be mapped to the test design<dtechniques defined
iis part of ISO/IEC/IEEE 29119. The test design techniques defined in this stafidard could be used
esting a variety of these characteristics. There may be other quality characteristics that could be
dered (e.g. privacy).

EC 25010 defines the product quality model shown below incFigure A.1, which categorizes
m/software product quality properties into eight characteristics: functional suitability,
rmance efficiency, compatibility, usability, reliability, securiy, maintainability and portability.
characteristic is composed of a set of related sub-charactefistics. In some situations, there may
pgulatory requirements (e.g. government policies or {aws) that mandate that certain quality
hcteristics are met by a system. Various test design techniques and types of testing can be used to
or each characteristic (see Clauses A.3 and A.4).

be A.2 provides an explanation of types of testing.that can be used to test the quality characteristics
ented in Figure A.1. A mapping of each quality characteristic to applicable types of testing is
ented in Clause A.3. The relationship between the quality characteristics and the specification-
d and structure-based test design techniques covered in this part of ISO/IEC/IEEE 29119 is
lined in Clause A.4.

Software/System Product Quality

Fupctional | |Performance Maintain-
e - Compatibili Usabilit Reliabilit Securi e Portabilit
Sujtability Efficiency P ty Y y ty ability Y
Fynctional Time behaviodt Co-existence Appropriateness Maturity Confidentiality Modularity Adaptability
conppleteness Resource Interoperability | | recognisability Availability Integrity Reusability Installability
Fynctional utilisation Learnability Fault tolerance | |Non-repudiation Analysability Replaceability
t ¢ s
cofrectness Capacity Operability Recoverability Accountability Modifiability
fynctional User error Authenticit Testabilit
apprppriateness protection uthenticity estability
User interface
aesthetics
Accessibility
NOTE ISO/IEC 25030 (ISO/IEC 25030:2007) can be used to identify and document software quality

requirements that are applicable to a test item. These can then be used to identify quality characteristics
in ISO/IEC 25010 (ISO/IEC 25010:2011) and corresponding types of testing that apply to testing each quality
requirement.
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Figure A.1 — ISO/IEC 25010 product quality model
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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 widestrange of characteristics and capabilities (ISO/IEC 25010:2011), including specific accessibility
requirements (e.g. due to age, visual impairment or hearing impairment). Accessibility testing uses a
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
could include a requirement for the test item to support visual and/or hearing impaired usens:

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

A.2.2 Backup/Recovery Testing

The purpose of backup/recovery testing is to determine if, in the event ¢f fdilure, a test item cgn be
restored from backup to its pre-failure state. Backup/recovery testing uses'a model of the test iten] that
specifies its backup and recovery requirements, which specify the need to back up the operational state
of a test item at a point in time, including data, configuration and/er\énvironment and restore the state
of the test item from that backup. Backup/recovery testing thenmfocusses on testing the correctngss of
the test item’s backup and the correctness of the restored state of the test item against its pre-fdilure
state. Backup/recovery testing can also be used to verify whether the backup and recovery procedures
for the test item achieve specified recovery objectives. This type of testing may be carried out as part of
a disaster recovery test (see A.2.5).

A.2.3 Compatibility Testing

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

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

— OrderofinstallationsExplicit order(s) of installation (otherwise it should be assumed that all pogsible
orders of installation are valid) results in a configuration where each test item will subsequpently
perform its required functions correctly.

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

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

= Environment constraints. Features of the environment, such as memory, processor, architedture,

platform or configuration, that may affect the ability of the test item to perform its required
functions correctly.

A.2.4 Conversion Testing

The purpose of conversion testing is to determine whether data or software can continue to provide
required 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
another. One common subtype of conversion testing is data migration testing. Conversion testing uses
a model of the test item that specifies its conversion requirements, including those that must remain
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invariant through the conversion process, those that are new, modified, or obsoleted by the conversion
and any required conversion design standards to which the test item must conform.

A.2.5 Disaster Recovery Testing

The purpose of disaster recovery testing is to determine if, in the event of failure, operation of the test
item can be transferred to a different operating site and whether it can be transferred back again once
the failure has been resolved. Disaster recovery testing uses a model of the testitem (typically a disaster

recoyery planj that specifies 1ts disaster recovery requirements, inciuding any required disaster
recoyery design standards to which the test item must conform. The test item in disaster recoveny
testing may be an entire operational system, with associated facilities, personnel, and procedures.
Disagter recovery testing may cover factors such as procedures to be carried out by operational staff,
relodation of data, software, personnel, offices, or other facilities, or recovering data previoustybacked
up td a remote location.

A.2.6 Functional Testing

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

A.2.7 Installability Testing

The purpose of installability testing is to determine if a testitem(s)can be installed, uninstalled/removed
and/pr upgraded as required in all specified environments{Installability testing uses a model of the
instqllability requirements of the test item, which are typically specified in terms of the installation,
uninptallation or upgrade processes (as described in the‘ihstallation manual or guidelines), the people
who will carry out the installation, uninstallation or upgrade, the target platform(s) and the test item(s)
to bginstalled, uninstalled or upgraded.

A.2.8 Interoperability Testing

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

A.2.9 Localizatien’Testing

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

A.2.10 Maintainability Testing

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

— corrective maintenance (i.e. correcting problems);
— perfective maintenance (i.e. enhancements);
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— adaptive 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.2.11 Performance-Related Testing

The purpose of this familyv of tprhniqnpq is to determine whether a test item pprfnrmq as req lired

when it is placed under various types and sizes of “load”. This includes performance, load,{sfress,
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 performant¢e of th¢ test
item in terms of transactions per second, throughput response times, round trip timeé and resqurce
utilization levels. The “typical” load of the test item under “normal” conditions may-be defined in the
operational profile of the test item.

There are numerous techniques for assessing the performance of the test item:

— Performance testing is aimed at assessing the performance of the test item when it is placed ynder
a “typical” load.

— Load testing is aimed at assessing the behaviour of the testiitem (e.g. performance and reliabjlity)
when it is placed under conditions of varying loads, usually"between anticipated conditions of low,
typical and peak usage.

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

— Endurance testing (also called soak testing)'is aimed at assessing whether the test item can suftain
the required load for a continuous peried of time.

— Volume testing is aimed at assessingthe performance of the test item when it is processing spedified
levels of data. For example, this“may include assessing test item performance when its databgse is
nearing maximum capacity,

— Capacity testing (also called scalability testing) is aimed at assessing how the test item will perform
under conditions thatimay need to be supported in the future. For example, this may in¢lude
assessing what levelof additional resources (e.g. memory, disk capacity, network bandwidth) will
be required to support anticipated future loads.

— Memory management testing is aimed at assessing how the test item will perform in terms qf the
amount (hormally maximum) of memory used (e.g. hard disk memory, RAM and ROM), the type of
memory-fe.g. dynamic or allocated/static) and/or defined levels of memory leakage experignced
during: testing. Memory requirements will typically be specified in terms of specific operpting
conditions (e.g. a peak memory requirement over a particular period of operation under defined
transaction loads may be specified).

A.2.12 Portability Testing

The purpose of portability testing is to determine the degree of ease or difficulty to which a test
item can be effectively and efficiently transferred from one hardware, software or other operational
or usage environment to another. Portability testing uses a model of the test item that specifies its
portability requirements, including any required portability design standards to which the test item
must conform. Portability requirements are concerned with the ability to transfer the test item from
one environment to another, or to alter the configuration of the existing environment to other required
configurations. For example, this could include assessing whether the test item can be operated from a
variety of different browsers.
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A.2.13 Procedure Testing

The purpose of procedure testing is to determine whether procedural instructions meet user
requirements and support the purpose of their use. Procedure testing uses a model of the procedural
requirements of the test item as a complete and delivered unit. Procedure requirements define what
is expected of any procedural documentation and are written in the form of procedural instructions.
These procedural instructions will normally come in the form of one of the following documents:

This

q

q

q

2 P PN
uocTl Sulu\',
in instruction manual;
| user reference manual.

information will normally define how the user is meant to:

get up the test item for normal usage;

Iperate the test item in normal conditions;

— 1

A.2.
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1

ecome a competent user of the system (tutorial files);
rouble-shoot the test item when faults arise;
econfigure the test item.

| 4 Reliability Testing

purpose of reliability testing is to evaluate the ability of the test item to perform its required

ions, including evaluating the frequency with which*failures occur, when it is used under stated

condiitions for a specified period of time. Reliability testing uses a model of the test item that specifies
its rgquired level of reliability (e.g. mean time to failure, mean time between failures). The model should
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e a definition of failure and either the operational profile of the test item or an approach to derive
perational profile.

| 5 Security Testing

purpose of security testing is to.evaluate the degree to which a test item and its associated data
rotected so that unauthorised persons or systems cannot use, read or modify them and authorised
bns or systems are grantediréquired access to them. Security testing uses a model of the test item
cpecifies its security requirements, including any required security design standards to which the
tem must conform. $€curity requirements are concerned with the ability to protect the data and
ionality of a test item from unauthorised users and malicious use. For example, this could include
sing whether thetest item prevents unauthorised users from accessing data, or whether certain
ions of a testitem that are only required to be accessible by certain user types are protected from
" user types;

e are animber of techniques for assessing the security of a test item:

Penetration testing involves attempted access to a test item (including its functionality and/or
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Privacy testing involves attempted access to private data and verification of the audit trail (i.e.
trace) 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
requirements and code of a test item to determine whether any security vulnerabilities are present.

Vulnerability scanning involves the use of automated testing tools to scan a test item for signs of
specific known vulnerabilities.
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A.2.16 Usability Testing

The purpose of usability testing is to evaluate whether specified users can use the test item to achieve

assigned goals with effectiveness, efficiency and satisfaction in specified contexts of use. Usa

bility

testing therefore uses a model of the test item that specifies its usability requirements, including any
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-

Telated purpose and tasks it will ald), and the CONtexts of USe foT the test item (who IS to use th
item and the environment in which it is to be used, user characteristics and user tasks). Usability

test
boals

will be defined for the effectiveness, efficiency and satisfaction for specified users to achieve.spedified

goals in one or more specified contexts of use.

NOTE ISO/IEC 9241 defines standards for defining the requirements for human-systems'interaction.

A.3 Mapping Quality Characteristics to Types of Testing

A.3.1 Mapping

In the table below, the types of testing that were presented in Clalise’ A.2 are mapped to the qyality

characteristics that were presented in Figure A.1 (in A.1.1).

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

U

Type of Testing Quality Characteristic Sub-Characteristics
Accessibility Testing Usability Accessibility
Backup/Recovery Testing Reliability Maturity
Fault tolerance
Recoverability
Compatibility Testing Compatibility Co-existence
Conversion Testing Functional Suitability Functional completeness

Functional correctness

Functional appropriateness

Disaster Recovery Testing Reliability Maturity
Fault tolerance
Recoverability
Functional Testing Functional Suitability Functional completeness

Functional correctness

Functional appropriateness

Installability Testing Portability Installability

Interoperability Testing Compatibility Interoperability
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Table A.1 (continued)
Type of Testing Quality Characteristic Sub-Characteristics
Localization Testing Functional Suitability Functional completeness

Functional correctness

Functional appropriateness

Usability

Appropriateness recognisability

Learnability

Operability

User error protection

User interface aesthetics

Accessibility

Portability

Adaptability

Main

tainability Testing

Maintainability

Modularity

Reusability

Analysability

Modifiability

Testability

Perf

rmance-Related Testing

Performance efficiency

Tirme-behaviour

Resource utilisation

Capacity

Port

hbility Testing

Portability

Adaptability

Installability

Replaceability

Proc

pdure Testing

None

None

Relig

bility Testing

Reliability

Maturity

Availability

Fault tolerance

Recoverability

Secufrity Testing

Security

Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Usab

ility, Testing

Usability

Appropriateness recognisability

Learnability

Operability

User error protection

User interface aesthetics

Accessibility
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A.4 Mapping Quality Characteristics to Test Design Techniques

A.4.1 Mapping

The test design techniques described in this part of ISO/IEC/IEEE 29119 can be used to test a variety
of the quality characteristics listed in Figure A.1. The following table provides an example mapping

between them.

Table A.2 — Mapping of test design techniques to product quality measures for ISO/IEC 25
product characteristics

D10

Test Design Technique

|1S0/IEC 25010 Quality Characteristic |ISO/IEC 25010 Sub-Chdyacteristics

Specification-Based Test Design Techniques

Boundary Value Analysis

Functional Suitability

Functional compléteness

Functional eorrectness

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

Functiénal Suitability

Functional completeness

Functional correctness

Functional appropriateness

Usability

User error protection

Combinatorial Test Design
Techniques

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Compatibility

Co-existence

Performance Efficiency

Time-behaviour

Usability

User error protection

Decision Table Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Compatibility

Co-existence

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

Equivalence Partitioning

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Usability

User error protection

Reliability

Availability

Security

Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Rand

om Testing

Functional Suitability

Functional completeness

Functional correctness

Functionalappropriateness

Performance

Time-behaviour

Résource utilisation

Capacity

Reliability

Maturity

Availability

Fault tolerance

Recoverability

Security

Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Scen|

ario Testing

Fungtional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Usability

Learnability

Operability

User error protection

User interface aesthetics

Accessibility

Appropriateness recognisability

State Transition Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Reliability

Maturity

Availability

Fault tolerance

Recoverability
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Test Design Technique

ISO/IEC 25010 Quality Characteristic

ISO/IEC 25010 Sub-Characteristics

Syntax Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Use Case Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Usability

Learnability

Operability

User error protection

User interface aésthetics

Accessibility

Appropriateness recognisability

Structure-Based Test Design Techniques

Branch Condition Combina-
tion Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Branch Condition Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Branch Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Data Flow Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Decision Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Modified Condition Decision
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

Capacity

Usability Learnability

Operability

User error protection

Reliability Fault tolerance
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Annex B
(informative)

Guidelines and Examples for the Application of Specification-
Based Test Design Techniques

B.1 Guidelines and Examples for Specification-Based Testing

B.1.1 Overview

This annex provides guidance on the requirements in 5.2 and 6.2 by demonstrating the applicatipn of
each individual specification-based test design technique to a separate preblem. Each example follows
the Test Design and Implementation Process that is defined in ISO/IEC/IEEE 29119-2. Although [each
example is applied in a specification-based testing context, as stated.in 5.1, in practice most of the
techniques defined in this part of ISO/IEC/IEEE 29119 can be used interchangeably (e.g. boundary yalue
analysis could be used to test the inputs to a program through the user interface or the boundaries of
variables within program source code).

B.2 Specification-Based Test Design Technique Examples

B.2.1 Equivalence Partitioning

B.2.1.1 Introduction

The aim of equivalence partitioning is\to’derive a set of test cases that cover the input and oyitput
partitions of the test item according to the chosen level of equivalence partition coverage. Equivalence
partitioning is based on the premise‘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. [[hus
the result of testing any valueJin one equivalence partition can be considered representative of the
result of testing with any ether value in that partition.

B.2.1.2 Specification
Consider a test itent, generate_grading, with the following test basis:

The component receives an exam mark (out of 75) and a coursework (c/w) mark (out of 25) as ipput,
fromwhich it outputs a grade for the course in the range ‘A’ to ‘D’. The grade is generated by calculpiting
thegverall mark, which is the sum of the exam and c¢/w marks, as follows:

greater than or equal to 70 - A
greater than orequal to 50 but less than 70 ‘B’
greater than or equal to 30, but less than 50 - v
less than 30 - D

Where invalid input(s) are detected (e.g. a mark is outside its expected range) then a fault message
(‘FM’) is generated. All inputs are passed as integers.

B.2.1.3 Step 1: Identify Feature Sets (TD1)

As there is only one test item defined in the test basis, only one feature set needs to be defined:
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FS1: generate_grading function

B.2.1.4 Step 2: Derive Test Conditions (TD2)

In equivalence partitioning, the equivalence partitions are test conditions (TCOND). Equivalence
partitions are identified from both the inputs and outputs of the test item. Valid and invalid inputs and
outputs are considered.

The

The |

Part

And

Less

partitions for the two mputs are initiatty identified T e vaifd partitions camr be described by:
TCOND1: 0 <= exam mark <= 75 (for FS1)

TCOND2: 0 <= coursework mark <= 25 (for FS1)

most obvious invalid partitions based on the inputs can be described by:

TCOND3: exam mark < 0 (for FS1)
TCOND4: exam mark > 75 (for FS1)
TCOND5: coursework mark < 0 (for FS1)
TCONDG6: coursework mark > 25 (for FS1)
tioned ranges of values can be represented pictorially, therefore,for the input, exam mark, we get:
0 75
< | | >
. exam 0 0< exam <75 . . exam 75 .
mark ) mark 8 mark g

Figure B.1 — Input “exam mark”

for the input, coursework mark, we get:

0 25
< } } >
<« <o _44705 c/w s254>‘4_c/w >25—

mark mark mark

Figure B.2 — Input “coursework mark”

obvious invalid input partitions could include any other input types, such as non-integer inputs

and pon-numeri¢ inputs. So, we could generate the following invalid input equivalence partitions:

44

TCOND7: exam mark = real number with a fractional part (for FS1)
TCANDS: exam mark = alphabetic (far FS1)
TCONDO9: exam mark = special character (for FS1)
TCOND10: coursework mark = real number with a fractional part (for FS1)
TCOND11: coursework mark = alphabetic (for FS1)
TCOND12: coursework mark = special character (for FS1)
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Next, the partitions for the valid outputs are identified:

TCOND13: ‘A’ is induced by 70 <= total mark <= 100 (for FS1)
TCOND14: ‘B’ is induced by 50 <= total mark < 70 (for FS1)
TCOND15: ‘C’isinduced by 30 <= total mark < 50 (for FS1)
TCOND16: ‘D’ isinduced by 0 <= total mark < 30 (for FS1)
TCOND17: ‘Fault Message’ (FM) is induced by total mark > 100 (for FS1)
TCOND18: ‘Fault Message’ (FM) is induced by total mark < 0 (for FST)
TCOND19: ‘Fault Message’ (FM) is induced by non-integer inputs (fer FS1)

where total mark = exam mark + coursework mark. Note that ‘Fault Message’ is iconsidered as a valid
output as it is a specified output.

The equivalence partitions and boundaries for total mark are shown pictorially below:

‘M’ (l) ‘D’ 3|0 ¢ 50 (cont.
< total total total below)
<4— <0 —p | g¢—0=< <30 30 < <50

mark mark —> | & mark
(cont. 50 ‘B’ 7.0 % 10 EM
from l 1 : >
) mark —> mark » mark —»

Figure B.3 — Equivalence partitions and boundaries for total mark

An invalid output would be any Gutput of the test item other than any of the five specified. It cdn be
challenging to identify unspecified outputs. However, they must be considered because if we can qause
one to occur, then we have identified a flaw with the test item, its test basis, or both. For this example
three unspecified outputs:were identified and are shown below. This aspect of equivalence partitigning
is very subjective and-different testers may identify different partitions which they feel could pogsibly
occur (this is described in 5.2.1.1 NOTE 2).

TCOND20: output = ‘E’, in case this (invalid) extra grade has been implemented (for F$1)
in error for total marks from 0 to 15

TCOND21: output = ‘A+’, in case this (invalid) extra grade has been implemented (for F$1)
in error for total marks from 90 to 100

TCOND22: output = ‘null’, in case a ‘null’ output can be generated (for F$1)

B.2.1.5 Step 3: Derive Test Coverage Items (TD3)

In equivalence partitioning, the test coverage items are the partitions that were derived in the previous
step (i.e. test conditions are the same as test coverage items in this technique). Thus, the following test
coverage items can be defined.

TCOVERT1: 0 <= exam mark <= 75 (for TCOND1)
TCOVERZ2: 0 <= coursework mark <= 25 (for TCOND2)
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TCOVERS3: exam mark <0 (for TCOND3)
TCOVER4: exam mark > 75 (for TCOND4)
TCOVERS: coursework mark < 0 (for TCONDS)
TCOVERG6: coursework mark > 25 (for TCONDG®6)
€OVERA exammark=reatnumberwith-afractionatpart tfor-FEONDA
COVERS: exam mark = alphabetic (for TCONDS)
COVERO9: exam mark = special character (for TCOND9)
'COVER10: coursework mark = real number with a fractional part (for TCOND10)
COVER11: coursework mark = alphabetic (for TCOND11)
[COVER12: coursework mark = special character (for TCOND12)
[COVER13: ‘A’ is induced by 70 <= total mark <= 100 (for TCOND13)
[COVER14: ‘B’ is induced by 50 <= total mark < 70 (for TCOND14)
COVER15: ‘C’is induced by 30 <= total mark < 50 (for TCOND15)
'COVER16: ‘D’ is induced by 0 <= total mark < 30 (for TCOND16)
COVER17: ‘Fault Message’ (FM) is induced by total mark > 100 (for TCOND17)
[COVER18: ‘Fault Message’ (FM) is induced®y total mark < 0 (for TCOND18)
COVER19: ‘Fault Message’ (FM) is induced by non-integer input(s) (for TCOND19)
[COVER20: output = ‘E’ (for TCOND20)
'COVER21: output = ‘A+’ (for TCONDZ21)
[COVER22: output = ‘null’ (for TCOND22)
B.2.1.6 Step 4: Derive Test GCases (TD4)
B.2.1.6.1 Options
Havipg identified partitions and test coverage items to be tested, test cases are derived that attempt
to “Rit” each tést'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
itemp to be-exercised by test cases that may be used are described in 5.2.5). In the first a test case is
genefated for each identified partition on a one-to-one basis (see option 4a below), while in the second
a mihimized set of test cases is generated to cover all the identified partitions (see option 4b below)

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.2.1.6.2 Option 4a: Derive Test Cases for One-to-One Equivalence Partitioning (TD4)

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-two test coverage items were identified leading to twenty-two test cases.

The test cases corresponding to partitions derived from the input exam mark are shown below. Note
that the input coursework mark in the following test case table has been set to an arbitrary valid value
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of 15. The allocation of an arbitrary valid value to all inputs in the test case (other than the one being
tested) has been carried out for all test cases in this clause.

Table B.1 — Test cases for input exam mark

Test Case 1 2 3
Input (exam mark) 60 -10 93
tputtc/wmark) 15 15 15
total mark (as calculated) 75 5 108
Test Coverage Item TCOVER1 TCOVER3 T.COVERA4
Partition tested (of exam mark) 0<=e<=75 e<0 e>75
Exp. Output ‘AN ‘FM’ ‘FM’
The test cases corresponding to partitions derived from the input courseworkinark are:
Table B.2 — Test cases for input coursework mark
Test Case 4 5 6
Input (exam mark) 40 40 40
Input (c/w mark) 20 -15 47
total mark (as calculated) 60 25 87
Test Coverage Item TEOVER?2 TCOVERS5 TCOVERS{
Partition tested (of c/w mark) O<=c<=25 c<0 c>25
Exp. Output ‘B’ FM’ ‘FM’
The test cases corresponding to partitions derived from possible invalid inputs are:
Table B.3 — Test cases for invalid inputs for exam mark

Test Case 7 8 9
Input (exam mark) 60.5 $
Input (c/w mark) 15 15 15
total mark (as calculated) 75.5 not applicable not applicaljle
Test Coverage Item TCOVER7 TCOVERS8 TCOVER9
Partition tested exam mark = exam mark = exam mark|=

real number with alphabetic special char

fractional part
Exp. Output ‘FM’ ‘FM’ ‘FM’
Table B.4 — Test cases for invalid inputs for coursework mark

Test Case 10 11 12
Input (exam mark) 40 40 40
Input (c/w mark) 20.23 G @
total mark (as calculated) 60.23 not applicable not applicable
Test Coverage Item TCOVER10 TCOVER11 TCOVER12
Partition tested c¢/w mark = c¢/w mark = alpha- | ¢/w mark = special

real number with betic char

fractional part
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Table B.4 (continued)

Test Case 10 11 12
Exp. Output FM’ FM’ FM’
The test cases corresponding to partitions derived from the valid outputs are:

Table B.5 — Test cases for valid output total mark
Test[Case 13 14 15
Inpuf (exam mark) 60 44 32
Inpuf (c/w mark) 20 22 13
totallmark (as calculated) 80 66 45
Test[Coverage Item TCOVER13 TCOVER14 ITEOVER15
Partjtion tested (of total mark) 70 <=t<=100 50<=t<70 30<=t<50
Exp.|Output ‘A ‘B’ ‘c

Table B.6 — Test cases for valid output total mark
Test[Case 16 17 18
Inpuf (exam mark) 12 80 -10
Inpuf (c/w mark) 5 60 -10
totallmark (as calculated) 17 140 -20
Test [Coverage Item TCOVER16 TCOVER17 TCOVER18
Partjtion tested (of total mark) 0&=t<30 t>100 t<0
Exp.|Output ‘D’ ‘FM’ ‘FM’

The input values of exam mark and coursework'mark have been derived from total mark, which is their
sum,

The test cases corresponding to partitions derived from the invalid outputs are:

Table B:7Z'~ Test cases for invalid output total mark

TestCase 19 20 21 22
Inpuf (exam mark) 47.3 5 72 Null
Inpuf (c/w mark) @@@ 5 23 Null
totallmark (as calculated) - 10 95 -

Test [Coveragedtem TCOVER19 TCOVERZ20 TCOVER21 TCOVER22
Parttion tested (output) ‘FM’ ‘E’ ‘A+ ‘Null
Part(tion (of total mark) - 0<=t<=15 90 <=t<=100 -

Exp. Output ‘FM’ ‘D’ A ‘FM’

Depending on the implementation, it may be impossible to execute test cases that contain invalid input
values (e.g. test cases 2, 3, 5-12, and 17-22 in the example above). For instance, in the Ada programming
language, 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.2.1.6.3 Option 4b: Derive Test Cases for Minimized Equivalence Partitioning (TD4)
It can be seen above 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. As
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the test item has two inputs and one output, each test case actually “hits” 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 twelve test cases 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.

I'able b.6 — Minimized test cases
Test Case 1 2 3 4
Input (exam mark) 60 50 35 19
Input (c/w mark) 20 16 10 8
total mark (as calculated) 80 66 45 27
Test Coverage Items TCOVER1, TCOVER1, TCOVERA, TCOVER1|,
TCOVER?2, TCOVER?2, TCOVER2, TCOVERZ,
TCOVER13 TCOVER14 TCOVER15 TCOVER1p
Partition (of exam mark) 0<=e<=75 0<=e<=75 0<=e<=75 0<=e<=175
Partition (of c/w mark) 0<=c<=25 0<=c<=25 0<=c<=25 0<=c<=15
Partition (of total mark) 70 <=t<=100 50 <=t<70 30<=t<50 0<=t<30
Exp. Output ‘A ‘B ‘c ‘D’
Table B.9 — Minimized test cases
Test Case 5 6 7 8
Input (exam mark) -10 93 60.5 Q
Input (c/w mark) -15 47 20.23 G
total mark (as calculated) =25 140 80.73 -
Test Coverage Items TCOVER3, TCOVER4, TCOVER?7, TCOVERS,
TCOVERS, TCOVERS, TCOVER10, TCOVER1],
TCOVER18 TCOVER17 TCOVER13, TCOVER1p
TCOVER19
Partition (of exam prark] e<0 e>75 e =real number e = alphabettic
with fractional part
Partition (of ¢/wmark) c<0 c>25 ¢ =real number c = alphabetic
with fractional part
Partition\(of total mark) t<0 t>100 70 <=t<=100 -
Exp=Qutput FM’ FM’ ‘FM’ ‘FM’
Table B.10 — Minimized test cases
Test Case 9 10 11 12
Input (exam mark) $ 72 ‘Null’
Input (c/w mark) @ 5 23 ‘Null’
total mark (as calculated) - 10 95 -
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Table B.10 (continued)

Test Case 9 10 11 12
Test Coverage Items TCOVERO, TCOVER]1, TCOVER], TCOVER19,
TCOVER12Z, TCOVER?Z, TCOVER?Z, TCOVER22
TCOVER19 TCOVER16, TCOVER13,
TCOVER20 TCOVER21
Part{tion (of exam mark) e = special char 0<=e<=75 0<=e<=75 -
Partjtion (of c/w mark) ¢ = special char 0<=c<=25 0<=c<=25 -
Partftion (of total mark) - 0<=t<=15 90 <=t<=100 -
Partjtion (of output) - ‘E’ ‘A+ ‘Nul’
Exp.|Output ‘FM’ ‘D’ ‘A ‘FM’
The pne-to-one and minimized approaches represent two different approaches that.can be used for

deriv
errol
to re

ing test cases for equivalence partitioning. One-to-one test cases are particularly useful for testing
' conditions (i.e. when you are trying to force specific error messages to/be output), for example,
duce the possibility that one error condition halts processing and/or miasKks or blocks other error

condjfitions. On the other hand, the disadvantage of the one-to-one approaeh\is that it requires more test

case
mini
seve
the t

5 and if this causes problems, a more minimalist approach can be&ysed. The disadvantage of the
malist approach is that in the event of a test failure it can be difficult to identify the cause due to
ral new partitions being exercised at the same time. Therefore-a common approach is to combine
wo approaches by applying minimized equivalence partitioning to design valid test cases and one-

to-one equivalence partitioning to design invalid test cases.

B.2.1

B.2.1

If we
that
man

B.2.1

u

u

B.2.1

u

|

.7 Step 5: Assemble Test Sets (TD5)

.7.1 Options

assume that it is possible to automatically'check an accept/reject response for each test case, but
hutomation cannot handle fault messages (FM), then we can generate two test sets (TS); one for
hal testing and one for automated testing.

.7.2 Option 5a: Assemble Test Set for One-to-One Equivalence Partitioning (TD5)
'S1: Manual Testing - TESTCASES 2, 3,5, 6,7,8,9,10, 11, 12, 17, 18, 19, 22.

'S2: Automated Testing - TEST CASES 1, 4, 13, 14, 15, 16, 20, 21.

.7.3 Option5b: Assemble Test Set for Minimized Equivalence Partitioning (TD5)
'S3: Manual Testing - TEST CASES 5, 6,7,8,9, 12.

'S4, Automated Testing - TEST CASES 1, 2, 3, 4, 10, 11.

B.2.

.6 Step 6: Derive Test Procedures (1D6)

B.2.1.8.1 Options

Test procedures for one-to-one and minimized equivalence partitioning can now be derived.

B.2.1.8.2 Option 6a: Derive Test Procedures for One-to-One Equivalence Partitioning (TD6)

For the manual test cases in test set TS1 for one-to-one equivalence partitioning, one test procedure

(TP)

50

can be defined as follows:
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TP1: manual testing, covering all test cases in TS1, in the order specified in the test set.

For the automated test cases in one-to-one test set TS2, one test script could be written to execute all

test cases in the test set, as follows:

TP2: automated testing, covering all test cases in TS2, in the order specified in the test set.

For the automated test procedures TP2, automation code that implements the procedure would need to

be written in test automation scripts.

B.2.1.8.3 Option 6b: Derive Test Procedures for Minimized Equivalence Partitioning (TD6)
For the manual test cases in minimized test set TS3, one test procedure (TP) can be defined ‘as foll
TP3: manual testing, covering all test cases in TS3, in the order specified in the test set.

For the automated test cases in minimized test set TS4, one test script could be written to execu
test cases in the test set, as follows:

TP4: automated testing, covering all test cases in TS4, in the order specified in the test set.

B.2.1.9 Equivalence Partition Coverage

Using the formula provided in 6.2.1 and the test coverage items'derived above:
22
Coverage (one—to—one_EP) = 55" 100%=100%

12
Coverage minimized_gp) =1, *100%=100%

PWS:

te all

Thus, 100% equivalence partition coverage was achieved for both one-to-one and minimized

equivalence partitioning, enabling all twenty-two identified partitions to be exercised by at leas
test case. Lower coverage levels would be achieved if not all partitions identified are exercised. |
all partitions are identified, then aty coverage measure based on this incomplete set of partitions ¢
be misleading. However, since a:different analysis of the test item might identify different equiva
partitions, particularly for “invalid” values, coverage measures for equivalence partitioning mu
qualified as being for “identified” partitions.

B.2.2 C(Classification Tree Method

B.2.2.1 Intreduction

The aim afithe classification tree method is to derive test cases that cover the input partitions @
test item\according to the chosen level of equivalence partition coverage. The classification tree mq
extends/this concept by constructing a classification tree that illustrates the partitions and assist
tester with test design.
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Consider the test basis for a test item travel_preference, which records the travel preferences of staff
Australian organisation who travel to major Australian capital cities for work purposes. Each set of t

ofan
ravel

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

Destination = Adelaide, Brisbane, Canberra, Darwin, Hobart, Melbourne, Perth, Sydney
Class = First Class, Business Class, Economy

Seat = Aisle, Window
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Meal Preference = diabetic, gluten free, lacto-ovo vegetarian, low fat/cholesterol, low lactose, vegan
vegetarian, 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 of
choosing no meal, thus this option is not supported in the example.

B.2.2.3 Step 1: Identify Feature Sets (TD1)

As tHere is only one test item defined in the test basis, only one feature set needs to be defined:

FS1: travel_preference function

B.2.2.4 Step 2: Derive Test Conditions (TD2)

For dlassification tree testing, test conditions are identified by deriving classifications‘dand classes for
each|input parameter.

TCOND1: Destination (for ES1)
TCOND2: Class (for FS1)
TCOND3: Seat (for FS1)
TCOND4: Meal Preference (for FS1)

NOTE 1 Invalid test conditions could also be derived, though thése dre not demonstrated in this example.

Each| of the test conditions in this example is a “classification” (i.e. a partition). “Classes” (i.e. sub-
partitions) and sub-classes could be derived for the Meal Preference class as follows:

Meal Preference (classification) = Vegetarian, Non-vegetarian
Yegetarian (class) = lacto-ovo, vegan
Non-vegetarian (class) = diabetic, gluten free, low fat / cholesterol, low lactose, standard

NOTKE 2  The design of classifications and classes is often a subjective activity, thus other testers using this
techrfique can design classifications and classes that differ from those derived in this example.

A classification tree can now bg“developed for these test conditions.

travel_preference

Meal Preference

AdelajdeBrisbane Canberra Darwin Hobart Melbourne PerthSydney First Business Economy Aisle Window

/\ /

lacto- vegan diabetic gluten low fat/ low standard
ovo free cholesterol lactose

Figure B.4 — Classification tree example

B.2.2.5 Step 3: Derive Test Coverage Items (TD3)

Test coverage items are derived by choosing a combination approach and then creating combinations
of classes according to that approach. A “combination table” can be constructed under the classification
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tree to demonstrate which classes are combined to form each test coverage item (e.g. see Figure B.5
below). The classes that are covered by each test coverage item are marked by a series of tokens (black
dots) that run horizontally underneath the classification tree.

If we assume that the chosen combination approach is “minimized”, in which each test coverage item
covers as many classes as possible until all classes are included in at least one test case, then the
following test coverage items shown in Figure B.5 below could be defined.

travel preference

Classification Tree

| Class |

| Seat |

I

/\

Adelaide Brisbane Canberra Darwin Hobart Melbourne PerthSydney First Business Economy Aisle Window

ovo

Meal Preference

lacto- vegan diabetic gluten low fat /
free cholesterol lactose

Non-vegetarian

low stapdard

o

.

Test Coverage Items
@ N O U A W N e

Figure B.5 — Example of a classification tree and corresponding combination table

In this example, all test coverageitems cover all test conditions.

B.2.2.6 Step 4: Derive.Test Cases (TD4)

A set of test cases can-low be derived, where each test case covers exactly one test coverage item

.
:

<@

I++a

Test

cases are derived 'by selecting one test coverage item at a time that has not already been covergd by
a test case and‘poepulating it with test input values that cover the classes of that combination. This is
repeated until-the required level of coverage is achieved. The expected result is derived by applying
the inputsitethe test basis. In this particular case, any combination of valid inputs results in the sfatus

“Booking/accepted”.
Table B.11 — Test cases for classification tree testing
Test frrput Vartues Expected Result Test Coverage
Case | Destination Class Seat Meal Preference Item
1 Adelaide First Aisle lacto-ovo Booking accepted TCOVER1
2 Brisbane Business | Window vegan Booking accepted TCOVER2
3 Canberra Economy Aisle diabetic Booking accepted TCOVER3
4 Darwin First Window gluten free Booking accepted TCOVER4
5 Hobart Business Aisle low fat/cholesterol | Booking accepted TCOVERS5
6 Melbourne | Economy | Window low lactose Booking accepted TCOVER6
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Table B.11 (continued)

T Input Values
est Expected Result Test Coverage
Case | Destination Class Seat Meal Preference Item

7 Perth First Aisle standard Booking accepted TCOVER?7

8 Sydney Business | Window lacto-ovo Booking accepted TCOVERS8

B.2.4.7 Step 5: Assemble Test Sets (TD5)

Sincg a small number of test cases were derived in this example, it may be decided that they can\be

com

B.2.2

Since

B.2.2

Usin
(

Thugd

B.2.

B.2.3

The
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into

item
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equi

ined into the one test set.

TS1: TEST CASES 1,2,3,4,5,6,7,8

.8 Step 6: Derive Test Procedures (TD6)

all test cases are in the one test set, we can derive one test procedure.

TP1: covering all test cases in TS1, in the order specified in the test set.

.9 C(lassification Tree Method Coverage

b the formula provided in 6.2.2 and the test coverage items derived above:
" 8 [ 0
overage cigssification_tree _method) = g x100%=100%

, 100% coverage of test coverage items for the classification tree method has been achieved.

8 Boundary Value Analysis

.1 Introduction

him of boundary value analysis is:te’ derive a set of test cases that cover the boundaries of each
F and output partition of the testitem according to the chosen level of boundary value coverage. It
5ed on the following premises. First, that the inputs and outputs of a test item can be partitioned
classes that, according tp~the test basis for the test item, will be treated similarly by the test

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

following is an example of three-value boundary testing with one-to-one test cases (see 5.2.3.2
b.2.3.3 respectively). In order to derive boundaries for a test item, the equivalence partitions of
est item{must be identified first, followed by the derivation of the boundary values from each
alencecclass.

B.2.3

2.’ Specification

Cons

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

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

54

greater than or equal to 70 - A

greater than or equal to 50, but less than 70 - B
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greater than or equal to 30, but less than 50 - c

less than 30 - ‘D’

Where invalid input(s) are detected (e.g. a mark is outside its expected range) then a fault message (‘FM’) is

generated. All inputs are passed as integers.

B.2.3.3 Step 1: Identify Feature Sets (TD1)

As there is only one test item defined in the test basis, only one feature set (FS) needs to be define

FS1: generate_grading function
B.2.3.4 Step 2: Derive Test Conditions (TD2)

B.2.3.4.1 Sub-steps

For boundary value analysis, the test conditions are the boundaries (between partitions) that
been chosen to be covered during testing. To identify the boundariés,equivalence partitions

first be identified (see step 2a below), from which test conditions (th& boundaries) can be derived
step 2b below).

B.2.3.4.2 Step 2a: Identify Equivalence Partitions
Equivalence partitions are identified from the valid and.inyalid inputs and outputs of the feature set
The following valid equivalence partitions (EP) can be identified for the inputs:

EP1: 0 <=exam mark <=75 (for FS1)

EP2: 0 <=coursework mark <= 25 (for FS1)

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

EP3:  exam mark > 75 (for FS1)
EP4: exammark<0 (for FS1)
EP5:  coursework mark > 25 (for FS1)
EP6:  coursework mark <0 (for FS1)

Although partitions EP3 to EP6 appear to be bounded on one side only, these partitions are in

have
must
(see

FS1.

fact

bounded by implementation-dependent minimum and maximum values. For integers held in sixteen bits

OWwWS:

these would be 32767 and -32768 respectively. Therefore, EP3 to EP6 can be more fully defined as fol
EP3: 75 <exam mark <= 32767 (for FS1)
EP4: -32768 <=exam mark <0 (for FS1)
EP5: 25 < coursework mark <= 32767 (for FS1)
EP6:  -32768 <= coursework mark < 0 (for FS1)

Partitioned ranges of values can be represented pictorially as follows:
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-32768 -10 75 76 32767

[N |
‘ : exam _ 0 < €Xam_ - g exam _
mark mark mark

Figure B.6 — Equivalence partitions and boundaries of exam mark

And for the input, coursework mark, we get:
-32768 -10 25 26 32767

[N |
c/w < < C/w c/w 59
‘ : mark 0 ) H l O_mark_25 ) H ¢ mark

Figure B.7 — Equivalence partitions and boundaries of coursework mark

Less|obvious invalid input partitions could include any other input types{not included in a valid
partition, for instance, non-integer inputs or perhaps non-numeric inputs\\Fhis aspect of equivalence
partitioning can be subjective and as such, each tester may identify different partitions that they feel
could be relevant. In order to be considered an equivalence partition,/all values within a partition
musf be expected to be treated in an equivalent manner by the testlitem. Thus we could generate the
folloving invalid equivalence partitions for the two input fields:

P7:  exam mark = real number with fractional part (for FS1)
P8:  exam mark = alphabetic (for FS1)
P9:  exam mark = special character (for FS1)
P10: coursework mark = real number with fractional part (for FS1)
P11: coursework mark = alphabetic (for FS1)
P12: coursework mark = special‘character (for FS1)

Althgugh equivalence classes ER7\to EP12 are possible, they have no identifiable boundaries and so no
test foverage items or test cases/need to be derived for them for this technique.

Next} the partitions for_the outputs are identified. The valid partitions are produced by considering
each|of the valid outputsfor the test item thus:

EP13: ‘A’isjinduced by 70 <= total mark <= 100 (for FS1)
EP14: B’isinduced by 50 <= total mark < 70 (for FS1)
EP15:Y “C’ is induced by 30 <= total mark < 50 (for FS1)
P16 D isimduced by 0==totat mmark <30 {for FSt)

EP17: ‘Fault Message’ (FM) is induced by total mark > 100 (for FS1)
EP18: ‘Fault Message’ (FM) isinduced by total mark <0 (for FS1)

where total mark = exam mark + coursework mark.
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Similar to the inputs, the output is bounded on either side by implementation-dependent maximum and
minimum values. Assuming the output is stored in integers held in sixteen bits from -32768 to 32767,

EP17 and EP18 could be redefined as follows.
EP17: 100 < total mark <= 32767 (for FS1)

EP18: -32768 <=total mark<0 (for FS1)

‘Fault Mpccngp’ is considered here asitisa cpprifipd output The pqnivnlpnrp partitions and bound

ries

for total mark are shown in Figure B.8:
-32768 29 30 49

‘c (cont,
total total total below)
<0 0< <30 4—30< 50
mark mark
50 69 70 100 101 EM’ 32767

(cont.

from 1 , H 1
above 50 < tota 70 —p 70 < tota tota
) mark = <100 P> mark

Figure B.8 — Equivalence partitions and boundaries of total mark

An invalid output would be any output from the test item other than one of the five specified. It]
be difficult to identify unspecified outputs, but obviotsly they must be considered as if we can
one then we have identified a defect with the test.item, its test basis, or both. For this example f{
unspecified outputs were identified (‘E’, ‘A+’, and "null’), but it is not possible to group these pos
outputs into ordered partitions from which bouindaries can be identified and so no test cases are der

B.2.3.4.3 Step 2b: Derive Test Conditions

Once equivalence partitions for each-input and output field have been identified, the test condit
which are the boundaries of each(equivalence partition, can now be identified.

For the valid partitions of the input fields exam mark and coursework mark, the following test condi

can be identified. Note thatiduplicate boundaries (e.g. the boundary “0” that lies on the edges of EP]

EP4) are only covered-byone test condition.

TCOND1: exam mark =0 (for EP1 and EP4)
TCOND2: exam mark = 75 (for EP1 and EP3)
TCOND3: coursework mark =0 (for EP2 and EP6)
TCOND4: coursework mark = 25 (for EP2 and EP5)

may
ause
hree
sible
ived.

ions,

fions
and

For the valid equivalence partitions for total mark, the following boundaries can be identified.

TCOND5: total mark =0 (for EP16 and EP18)
TCONDG6: total mark = 29 (for EP15 and EP16)
TCOND7: total mark = 30 (for EP15 and EP16)
TCONDS: total mark = 49 (for EP14 and EP15)
TCONDO9: total mark =50 (for EP14 and EP15)
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TCOND10: total mark = 69 (for EP13 and EP14)
TCOND11: total mark =70 (for EP13 and EP14)
TCOND12: total mark = 100 (for EP13 and EP17)

For the invalid partitions of the input fields, the following boundaries can be identified.

TEONDLES: extH-Fre=—32767 tHerEP33
TCOND14: exam mark =-32768 (for EP4)
TCOND15: coursework mark = 32767 (for EP5)
TCOND16: coursework mark =-32768 (for EP6)
Finally, for the invalid partitions of total mark, the following boundaries can be identified:
TCOND17: total mark = 101 (for EP17)
TCOND18: total mark = 32767 (for EP17)
TCOND19: total mark = -1 (for EP18)
TCONDZ20: total mark = -32768 (for EP18)
B.2.3.5 Step 3: Derive Test Coverage Items (TD3)
If 3-yalue boundary value analysis is applied, the test coverage items are the values that are on the
boundary of the equivalence partition, and either sidecof the boundary, using the smallest significant

dista

NOTH
smal

For 1
cove
item

nce away, as shown in Figure B.9:
boundary boundary
1 1
T I T T I T
boundary boundary
values values

Figure B.9= Test coverage items for 3-value boundary value analysis

1  Alternatively,”2-value boundary value analysis could also be performed, which would result in a
er number ofdest coverage items being derived, and correspondingly fewer test cases being derived.

he bounidaries that were identified in the previous step as test conditions, the following test
rage items (TCOVER) can be identified. As we are using integers in this example, the test coverage
5 are.one either side of each boundary.

NOTE 2  If the example involved numerical data types involving decimals (e.g. real numbers), then the test
coverage items for boundary value analysis would be the smallest significant value for the data type under

consideration.
TCOVERT1: exam mark = -1 (from TCOND1)
TCOVERZ2: exam mark =0 (from TCOND1)
TCOVERS3: exam mark =1 (from TCOND1)
TCOVER4: exam mark = 74 (from TCOND2)
58 © ISO/IEC 2015 - All rights reserved

© IEEE 2015 - All rights reserved



https://standardsiso.com/api/?name=52b6a481b88b3e829dd352730b4a4ec6

ISO/IEC/IEEE 29119-4:2015(E)

TCOVERS5: exam mark = 75 (from TCOND2)
TCOVER®6: exam mark = 76 (from TCOND2)
TCOVER?Y: coursework mark = -1 (from TCOND3)
TCOVERS: coursework mark = 0 (from TCOND3)
TEOVERS: cottrseworkmark—=1% froemTEOND33
TCOVER10: coursework mark = 24 (from TCOND4)
TCOVER11: coursework mark = 25 (from TCOND4)
TCOVER12: coursework mark = 26 (from TCOND4)

For the output fields, the following test coverage items can be identified:
TCOVER13: total mark = -1 (from TGONDS5 & TCOND19)
TCOVER14: total mark =0 (fram,TCOND5 & TCOND19)
TCOVER15: total mark =1 tfrom TCONDS)
TCOVER16: total mark = 28 (from TCONDG®6)
TCOVER17: total mark = 29 (from TCOND6 & TCOND7)
TCOVER18: total mark = 30 (from TCOND6 & TCOND7)
TCOVER19: total mark = 31 (from TCOND?7)
TCOVER20: total mark = 48 (from TCONDS)
TCOVER21: total mark £49 (from TCOND8 & TCOND?9)
TCOVER22: total mark = 50 (from TCOND8 & TCOND?9)
TCOVER23: total mark = 51 (from TCOND9)
TCOVER24: total mark = 68 (from TCOND10)
TCOVER25: total mark = 69 (from TCOND10 & TCOND11)
TCOVERZ26: total mark =70 (from TCOND10 & TCOND11)
TCOVER27: total mark =71 (from TCOND11)
TCOVER28: total mark =99 (from TCOND12)
TCOVER29: total mark = 100 (from TCOND12 & TCOND17)
TCOVER30: total mark =101 (from TCOND12 & TCOND17)

Note that equivalence classes EP7 to EP12 have not been covered by any test coverage items, since they
have no identifiable boundaries (as stated in the previous step).

For the remaining invalid partitions that were identified (i.e. for the boundaries of test conditions
TCOND13 to TCOND20 that have not yet been covered), the following invalid test coverage items can
be identified:

TCOVER31: exam mark = 32766 (from TCOND13)
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TCOVER32: exam mark = 32767 (from TCOND13)

TCOVER33: exam mark = 32768 (from TCOND13)

TCOVER34: exam mark =-32769 (from TCOND14)

TCOVERS3S5: exam mark = -32768 (from TCOND14)

TFEOVER3E exammark=—32767 fromTEONDTH

TCOVER37: coursework mark = 32766 (from TCOND15)

TCOVER3S: coursework mark = 32767 (from TCOND15)

TCOVER39: coursework mark = 32768 (from TCOND15)

TCOVER40: coursework mark =-32769 (from TCOND16)

TCOVERA41: coursework mark =-32768 (from TCOND16)

TCOVER42: coursework mark = -32767 (from TCOND16)

TCOVERA43: total mark = 102 (fromTEGOND17)

TCOVER44: total mark = 32766 (from TCOND18)

TCOVER45: total mark = 32767 (from TCOND18)

TCOVER46: total mark = 32768 (from TCOND18)

TCOVER47: total mark =-2 (from TCOND19)

TCOVER48: total mark =-32769 (from TCOND20)

TCOVER49: total mark = -32768 (from TCONDZ20)

TCOVERS5O0: total mark =+<32767 (from TCOND20)
B.2.3.6 Step 4: Derive Test Cases (TD4)
Test [cases can now be derived to cover the required percentage of test coverage items that were
identified in the previous step. For example, if 100% boundary coverage is required, then test cases
must be derived to covep all test coverage items. One-to-one boundary value analysis could be used
to ddrive one test caseper test coverage item, or minimized boundary value analysis could be used to
deriye the minimum.number of test cases required to cover all test coverage items.
The precondifions of all test cases for the generate_grading function are the same: the application is
ready to take'the inputs of exam and coursework mark.
If wg @ssume that 100% boundary coverage is required and that one-to-one boundary value analysis
is used—toderive testtases; themrsix test tases cam be derivedfor the-mputexanr mark,as showr i

Table B.12. Each test case is derived as follows: first, selecting one boundary value (test coverage item)
for inclusion in each test case; secondly, allocating an arbitrary valid value to all other inputs present in
the test case; and third, determining the expected result of the test.

Table B.12 — Boundary values for exam mark

Test Case 1 3 4 5 6
Input (exam mark) -1 1 74 75 76
Input (c/w mark) 15 15 15 15 15 15
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Table B.12 (continued)

Test Case 1 2 3 4 5 6
total mark (as calculated) 14 15 16 89 90 91
Test Coverage Item 1 2 3 4 5 6
Boundary tested (exam mark) 0 75

Exp. Output ™ | D | D a2 | oa | mw
Note that the input coursework (c/w) mark has been set to an arbitrary valid value of 15, as thesg test
cases are focused on exercising the input exam mark boundaries.
And the test cases derived from the input coursework mark are:

Table B.13 — Boundary values for coursework mark

Test Case 7 8 9 10 11 12
Input (exam mark) 40 40 40 40 40 40
Input (c/w mark) -1 0 1 24 25 36
total mark (as calculated) 39 40 41 64 65 46
Test Coverage Item 7 8 9 10 11 12
Boundary tested (c/w mark) 25

Exp. Output Mo ¢ | ® | » | gw
Note that the input exam mark has been set to an arbitrary valid value of 40.

The test cases derived from the outputs are:

Table B.14~ Test cases for total mark
Test Case 13 14 15 16 17 18 19
Input (exam mark) -1 0 28 29 15 b
Input (c/w mark) 0 1 0 15 45
total mark (as calculated) -1 0 1 28 29 30 31
Test Coverage Item 13 14 15 16 17 18 19
Boundary tested (total.mark) 0 29 29,30 30
Exp. Output ™ | > | v | v | v | @ 1%
Table B.15 — Test cases for total mark

Test Case 20 21 22 23 24 25 26 D7
Input (exam mark) 23 24 50 26 48 49 45 71
Input (c/w mark) 25 25 0 25 20 20 25 0
Total Mark (as calculated) 48 49 50 51 68 69 70 71
Test Coverage Item 20 21 22 23 24 25 26 27
Boundary tested (total mark) 49 49,50 50 69 69,70 70
EXp. Output iCI lCl IBI IBP iBl lBl iA’ IAP
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Table B.16 — Test cases for total mark

Test Case 28 29 30
Input (exam mark) 74 75 75
Input (c/w mark) 25 25 26
Total Mark (as calculated) 99 100 101
Test Coverage Item 28 29 30
Boundary tested (total mark) 100 100, 101
Exp. Output ‘A ‘A ‘FM’
The jnput values of exam mark and coursework mark have been derived from total mark, whieh is their
sum.
The following test cases are required to cover the remaining test coverage items TCOVER31)to TCOVERS0,
which were identified outside the valid boundaries and at the extreme edges of equivalence classes:
Table B.17 — Test cases for exam mark
TestCase 31 32 33 34 35 36
Inpuf (exam mark) 32766 32767 32768 -32769 -32768 -32767
Inpuf (c/w mark) 15 15 15 15 15 15
totallmark (as calculated) 32781 32782 32783 -32754 | -32753 -32752
Test Coverage Item 31 32 33 34 35 36
Boundary tested (exam mark) 32767 -32768
Exp.[Output ‘FM’ FM’ ‘FM’ ‘FM’ ‘FM’ ‘FM’
Table B.18 — Test cases for coursework mark
Test Case 37 38 39 40 41 42
Inpuf (exam mark) 40 40 40 40 40 40
Inpuf (c/w mark) 32766 32767 32768 -32769 -32768 -32767
totallmark (as calculated) 32806 32807 32808 -32729 | -32728 | -32727
Test [Coverage Item 37 38 39 40 41 42
Boundary tested (c/w mark) 32767 -32768
Exp.[Output FM’ FM’ FM’ FM’ FM’ FM’
Table B.19 — Test cases for total mark
TestCase 43 44 45 46 47 48 49 50
Inpuf (exam mark) 75 16383 32767 1 -1 0 -16384 | -32766
Input (¢/w mark) 27 16383 0 32767 -1 -32769 | -16384 -1
Total Mark (as calculated) 102 32766 32767 32768 -2 -32769 | -32768 | -32767
Test Coverage Item 43 44 45 46 47 48 49 50
Boundary tested (total mark) 101 32767 1 -32768
Exp. Output R R

It should be noted that when invalid input values are used (as above, in test cases 1, 6, 7, 12, 13, and
30-50) 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 is declared as a positive integer then it
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will not be possible to assign a negative value to it. Despite this, it is still worthwhile considering all the
test cases for completeness.

The above test case suite achieves 100% boundary value coverage for 3-value boundary value analysis
as it enables all identified test coverage items to be exercised by at least one test case. Lower levels
of coverage would be achieved if some of the identified boundaries were not exercised. If some of the
boundaries are not identified, then any coverage measure based on this incomplete set of boundaries
would be misleading.

B.2.3.7 Step 5: Assemble Test Sets (TD5)

If we assume that it is possible to automatically check an accept/reject response for each valid testcase,
but that automation cannot handle fault messages (FM) that are generated by invalid-test cases,|then
we can generate two test sets (TS); one for manual testing and one for automated testing.

TS1: Manual Testing - TEST CASES 1, 6, 7,12, 13, 30 to 50.

TS2: Automated Testing - TEST CASES 2, 3,4,5, 8,9, 10, 11 and 14 to 29,

B.2.3.8 Step 6: Derive Test Procedures (TD6)
For the manual test cases in test set TS1, one test procedure (TP).can be defined as follows:
TP1: manual testing, covering all test cases in TS1, in the-order specified in the test set.

For the automated test cases in test set TS2, one test scfipt could be written to execute all test cages in
the test set, as follows:

TP2: automated testing, covering all test cases.in TS2, in the order specified in the test set.

For the automated test procedure TP2, automation code to execute the procedure would need o be
written.

B.2.3.9 Boundary Value Analysis:Coverage
Using the formula provided in 6.2:3 and the test coverage items derived above:

50
Coverage(boundary_value_analysis) = 50 x100%=100%

Thus, 100% coverage-of test coverage items for boundary value analysis has been achieved.
B.2.4 SyntaxTesting

B.2.4.1-. \Antroduction

The,aim of syntax testing is to derive a set of test cases that cover the input syntax of the test|item
according to the chosen level of input syntax coverage. This technique is based upon an analysis qf the

test basis of the test item to model its behaviour by means of a description of the input via its syhtax.
We illustrate the technique by means of a worked example. The technique is only effective to the extent
that the syntax as defined corresponds to the required syntax.

B.2.4.2 Specification

Consider a test item that simply checks whether an input float_in conforms to the syntax of a floating
point number, float (defined below). The test item outputs check_res, which takes the form “valid” or
“invalid” dependent on the result of its check.

Here is a representation of the syntax for the floating point number, float in Backus Naur Form (BNF):
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float = int “e” int

int — [\\+H|H_HJ nat

nat = {dig}

dig e \\OIIIIIlIIIIIZIIIII3II|II4II|IISII|II6IIIII7II|II8II|11911

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 mpre times.

B.2.4.3 Step 1: Identify Feature Sets (TD1)

As there is only one test item defined in the test basis, only one feature needs to be defined:
F§1: float in

B.2.4.4 Step 2: Derive Test Conditions (TD2)

The first step is to derive the test conditions from the syntax. Test conditions may be defined as the
inpuf parameters in the syntax, as follows:

TCOND1 float = int “e” int

TCOND2 int = [“+”|”-"] nat

TCOND3 nat = {dig}

TCOND4 dig =“0""1"|"2"|"3”|:4"*5"|"6”|"7"|"8"|"9"

B.2.4.5 Step 3: Derive Test Coverage Items (TD3)

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

Valid test coverage items can be derjved for the elements on the right hand side of the BNF definition.
Therf are three test coverage items that can be derived for the “+” and “-” signs of TCOND2:

TCOVER1: theré is'no “+” or “-” sign (for TCOND2 & TCOND1)
TCOVER2: there is a “+” sign (for TCOND2 & TCOND1)
TCOVERS3: there is a “-” sign (for TCOND2 & TCOND1)

NOTHE 1  Separat&test coverage items could be derived for the first and second instances of “+” and “-"if required.

nat has tweitest coverage items:

TCOVER4: nat is a single digit number (for TCOND3 & TCONDZ2)

TCOVERS: nat is a multiple digit number (for TCOND3 & TCONDZ2)
NOTE 2  Separate test coverage items could be derived for the first and second instances of nat if required.

dig has ten options:

TCOVERG6: integer isa “0” (for TCOND4 & TCOND3)
TCOVER?7: integerisa “1” (for TCOND4 & TCOND3)
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TCOVERS: integerisa “2” (for TCOND4 & TCOND3)
TCOVER®O: integerisa “3” (for TCOND4 & TCOND3)
TCOVER10: integer is a “4” (for TCOND4 & TCOND3)
TCOVER11: integerisa “5” (for TCOND4 & TCOND3)
TEOVERTZ integerisa—6- tfor-FECONB4&TCOND3)

TCOVER13: integerisa “7” (for TCOND4 & TCOND3)
TCOVER14: integer is an “8” (for TCOND4 & TCOND3)
TCOVER15: integer is a “9” (for TCOND4 & TCOND3)

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

The first step in deriving invalid test coverage items is to construct a checklist'of generic mutationg that
can be applied to the test conditions. A possible checklist is:

m1. 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 3  Other types of syntax mutation could be~“used, depending on the types of defects testing is
intending to target.

These generic mutations are applied to thesindividual elements of the syntax to yield specific mutatjions.

TCOVER16: apply m1 to first “int” (for TCOND1)
TCOVER17: apply m1 to “e” (for TCOND1)
TCOVER18: apply m1 te second “int” (for TCOND1)
TCOVER19: applyml to “[“+"|"-"]" (for TCONDZ2)
TCOVERZ20: dpply m1to “nat” (for TCONDZ2)
TCOVERZ21Y) "apply m2 to substitute “e” for first “int” (for TCOND1)
TCOMER22: apply m2 to substitute “[“+”|"-"]" first “int” (for TCOND 1 & TCOIND2)
TEOVER23: apply m2 to substitute first “int” for “e” (for TCOND1)
TCOVER24: apply m2 to substitute “[“+”|”-"]" for “e” (for TCOND1 & TCOND2)
TCOVER25: apply m2 to substitute “e” for second “int” (for TCOND1)
TCOVER26: apply m2 to substitute “[“+”|”-"]" for second “int” (for TCOND1)
TCOVER27: apply m2 to substitute “e” for “[“+”|"-"1" (for TCOND1 & TCOND2)
TCOVER28: apply m2 to substitute “e” for “nat” (for TCOND1 & TCOND2)
TCOVER29: apply m2 to substitute “[“+”|"-"]" for “nat” (for TCOND1 & TCOND2)
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TCOVER30:
TCOVER31:
TCOVER32:
TCOVER33:

g ya¥aleanin)

apply m3 to first “int”

“«_n

apply m3 to “e

apply m3 to second “int”

apply m4 to add element before first “int”

“_n

(for TCOND1)
(for TCOND1)
(for TCOND1)
(for TCOND1)

,
,
,
A

u

[{l+"|
sepa

B.2.4

Valid
ident
res’)

.6 Step 4: Derive Test Cases (TD4)

The resulting valid test cases are:

24 1 A4 dd .1 1 £
CUVLNOT. dPply 1T TU AUl TITIHITIIT UTTUTT T

COVER35: apply m4 to add element before second “int”

'COVER36: apply m4 to add element after second “int”

'COVER38: apply m4 to add element between “[“+”|”-"]” and first “int”

'COVER39: apply m4 to add element between first “int” and “e”

(for TCOND1)
(for TCOND1)

'COVER37: apply m4 to add element before first “int” and “[“+”|”-"1" (for TCOND1 & TCOND?2)

(for TCOQNDT & TCOND2)
(for"IGOND1)

-”] has been treated as a single element because the mutation of<ndividual optional items
Fately does not create test cases with invalid syntax (using these generic mutations).

test cases are derived by selecting one or more options~for inclusion in the current test case,
ifying inputs to exercise the option(s) and determining{the expected result (in this case, ‘check_

Table B.20 — Valid test cases for syntax testing

Test Case Input ‘float_in’ TestCoverage Item Expected Result ‘check_res’
TC1 3e2 TCOVER1 ‘valid’
TC2 +2e+5 TCOVER2 ‘valid’
TC3 -6e-7 TCOVER3 ‘valid’
TC 4 6e-2 TCOVER4 ‘valid’
TC5 1234567890e3 TCOVERS ‘valid’
TC6 0e0 TCOVER6 ‘valid’
TC7 1el TCOVER7 ‘valid’
TC8 2e2 TCOVERS8 ‘valid’
TC9 3e3 TCOVER9 ‘valid’
TC 10 4e4 TCOVER10 ‘valid’
TC 1d 5e5 TCOVER11 ‘valid’
TC 12 6e6 TCOVER12 ‘valid’
TC 13 /e’ 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
cases, for example, 2, 3 and 5 above), and some test cases will exercise more options than the single
one listed in the “Test Coverage Item” column. Each option has been treated separately here to aid
understanding of their derivation. This approach may also contribute to the ease with which the causes
of failures are located.
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Invalid test cases are derived by selecting one or more mutations for inclusion in the current test case,
identifying inputs to exercise the mutation(s) and determining the expected result (in this case, ‘check_
res’). The resulting invalid test cases are:

Table B.21 — Invalid test cases for syntax testing

Test Case Input ‘float_in’ Mutation Test Coverage Item Expected Result ‘check_res’

TC16 xe() m1l TCOVER16 ‘invalid’

TC 17 0x0 m1 TCOVER17 ‘invalid’

TC 18 Oex m1l TCOVER18 ‘invalid!

TC 19 x0e0 m1l TCOVER19 ‘invalid’

TC 20 +xe0 m1l TCOVER20 ‘invalid’

TC21 eel m2 TCOVER21 ‘invalid’

TC 22 +e0 m2 TCOVER22 ‘invalid’

TC23 000 m2 TCOVER23 ‘invalid’

TC 24 0+0 m2 TCOVER24 ‘invalid’

TC 25 Oee m2 TCOVER25 ‘invalid’

TC 26 Oe+ m?2 TCOVER26 ‘invalid’

TC 27 e0e0 m2 TCOVER27 ‘invalid’

TC 28 +eel m2 TCOVER28 ‘invalid’

TC 29 ++e0 m2 TCOVER29 ‘invalid’

TC30 e0 m3 TCOVER30 ‘invalid’

TC31 00 m3 TCOVER31 ‘invalid’

TC 32 Oe m3 TCOVER32 ‘invalid’

TC 33 y0e0 m#4 TCOVER33 ‘invalid’

TC 34 Oye0 m4 TCOVER34 ‘invalid’

TC 35 Oey0 m4 TCOVER35 ‘invalid’

TC36 OeOy 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 peen
discarded. Forexample, the generic mutation m2 (substitute TCOND2 for TCOND4) generates cofrect
syntax as\i2 is “substitute an element with another defined element” and TCONDZ and TCOND# are
the same((int).
Sefire’ of the remaining mutations are indistinguishable from each other and these are covered|by a

single test case. For example, applying the generic mutation m1 (“introduce an invalid value f¢r an
' = - : . L, [ ”n A A I A A M ". : 'S the

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

B.2.4.7 Step 5: Assemble Test Sets (TD5)
A decision may be made to assemble one test set for valid test cases and one for invalid test cases:

TS1: TEST CASE 1, 2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15
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TS2: TEST CASE 16, 17,18, 19, 20, 21, 22, 23, 24, 24, 25, 26, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39

B.2.4.8 Step 6: Derive Test Procedures (TD6)

All test cases could be assembled into the one test procedure, starting with the valid test cases, and
ending with the invalid test cases.

TP1: covering all test cases in TS1, followed by all test cases in TS2, in the order specified in the

flest sets.

B.2.4.9 Syntax Testing Coverage

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

B.2.5 Combinatorial Test Design Techniques

B.2.5.1 Introduction

The Jaim of combinatorial testing is to reduce the cost of testing by deriving a small (possibly
minimal) number of test cases that cover the chosen set of parameters and input values of the test
item| Combinatorial test design techniques provide the ability to derive.test cases from input values
that jhave previously been selected, such as through the application of-other specification-based test
design techniques like equivalence partitioning or boundary valueyanalysis. Each technique will be
dem¢nstrated through the application of one example. Since each technique shares common steps in
identifying feature sets and deriving test conditions, 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
uniqpe to each combinatorial technique.

B.2.3.2 Specification

Congider the test basis for a test item travel preference, which records the travel preferences of
stafff members of an organisation that travel to major capital cities for work purposes. Each set
of trhvel preferences is chosen through.three sets of radio buttons, which consist of the following
inpuf value choices:

Destination = Paris, London, Sydney
[lass = First, Business, Economy
Seat = Aisle, Window

If a vallid input combindtion is provided to the program it will output “Accept”, otherwise it will output “Reject”.

B.2.3.3 Step-1¢{Identify Feature Sets (TD1)

As tHere, iSonly one test item defined in the test basis, only one feature set to be defined:

kS1: travel preference function

B.2.5.4 Step 2: Derive Test Conditions (TD2)

Every combinatorial technique shares a common approach to deriving test conditions. That is, test
conditions correspond to each parameter (P) of the test item taking on one specific value (V), resulting
in one P-V pair. This is repeated until all parameters are paired with their corresponding values. For the
example above, this results in the following P-V pairs:

TCOND1: Destination - Paris (for FS1)
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TCONDZ2: Destination - London (for FS1)
TCOND3: Destination - Sydney (for FS1)
TCOND4:  Class - First (for FS1)
TCOND5: Class - Business (for FS1)
TEOND6 tlass—FEeonomy tfor 543
TCOND7 Seat - Aisle (for FS1)
TCONDS8:  Seat - Window (for FS1)

B.2.5.5 All Combinations

B.2.5.5.1 Step 3: Derive Test Coverage Items (TD3)

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

TCOVER1:
TCOVERZ:
TCOVERS3:
TCOVERA4:
TCOVERS:
TCOVER®6:
TCOVER?7:
TCOVERS:

TCOVERO:

TCOVER10:
TCOVER11:
TCOVER12:
TCOVER13:
TCOVER14:

TCOVER15:

Destination - Paris,
Destination - Paris,
Destination - Paris,
Destination - Paris,
Destination - Paris,
Destination - Paris,
Destination - London),
Destination —:orndon,
Destination.— London,
Destination — London,
Destination - London,
Destination - London,
Destination - Sydney,
Destination - Sydney,

Destination - Sydney,

Class - First,
Class - First,
Class - Business,
Class - Business,
Class™= Economy,
€lass - Economy,
Class - First,
Class - First,
Class - Business,
Class - Business,
Class - Economy,
Class - Economy,
Class - First,
Class - First,

Class - Business,

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

Seat - Aisle

(for TCOND 1, 4
(for TCOND 1, 4
(for TCOND 1, 5
(for TCOND 1, 5
(for TCOND 1, 6
(for TCOND 1, 6
(for TCOND 2, 4
(for TCOND 2, 4
(for TCOND 2, 5
(for TCOND 2, 5
(for TCOND 2, 6
(for TCOND 2, 6
(for TCOND 3, 4
(for TCOND 3, 4

le up
ns.

7)
8)
7)
8)
7)
8)
7)
8)
7)
8)
7)
8)
7)
8)

(for TCOND 3, 5

TCOVER16:
TCOVER17:

TCOVER18:

Destination - Sydney,
Destination - Sydney,

Destination - Sydney,

Class - Business,
Class - Economy,

Class - Economy,

B.2.5.5.2 Step 4: Derive Test Cases (TD4)

Seat - Window
Seat - Aisle

Seat - Window

(for TCOND 3, 5,
(for TCOND 3, 6,
(for TCOND 3, 6,

7)
8)
7)
8)

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

Table B.22 — Test cases for all combinations testing

Input Values Expected Test Coverage Item
Test Case # Destination Class Seat Result &
t Paris First Alste ATTept TCOVERT
2 Paris First Window Accept TCOVER2
3 Paris Business Aisle Accept TCOVER3
4 Paris Business Window Accept TCOVER4
5 Paris Economy Aisle Accept TCOVERS5
6 Paris Economy Window Accept TCOVER6
7 London First Aisle Accept TCOVER7
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
15 Sydney Business Aisle Accept TCOVER15
16 Sydney Business Window Accept TCOVER16
17 Sydney Economy Aisle Accept TCOVER17
18 Sydney Economy Window Accept TCOVER18
B.2.3.5.3 Step 5: Assemble Test Sets (TD5)
It mgy be decided that all test cases will be divided into those that cover aisle seats and window seats.
Thiswould result in the following'test sets.

u

u

B.2.5

Since

u

'S1: TEST CASES 1, 3,5(7,9, 11, 13, 15, 17

'S2: TEST CASES 24,6, 8, 10, 12, 14, 16, 18

.5.4 Step 62Derive Test Procedures (TD6)
each test setis going to be executed by a different tester, they can be divided into two test procedures.

'P 1< covering all test cases in TS1, in the order specified in the test set.

P2rcovering atttestcases I T'SZ; imthe orderspecified imthe testset:

B.2.5.5.5 All Combinations Testing Coverage

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

18

Coverage qji_combinations) = 18 x100%=100%

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

B.2.5.6.1 Step 3: Derive Test Coverage Items (TD3)

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

TCOVER1: Paris, First (for TCOND1, TCOND4)
TCOVER2: Paris, Business (for TCOND1, TCONDS5)
TCOVER3: Paris, Economy (for TCOND1, TCONDG®6)
TCOVER4: London, First (for TCOND2, TCOND4)
TCOVER5: London, Business (for TCONDZ2, TCONDS5)
TCOVER6: London, Economy (for TCONDZ2, TCONDG6)
TCOVER7: Sydney, First (for TCOND3, TCOND4)
TCOVERS8: Sydney, Business (for TCOND3, TCONDS)
TCOVER9: Sydney, Economy (for TCOND34 T€CONDG6)
TCOVER10: Paris, Aisle (for TCOND1, TCOND7)
TCOVER11: Paris, Window (forxTEOND1, TCONDS)
TCOVER12: London, Aisle (for TCOND2, TCOND7)
TCOVER13: London, Window (for TCOND2, TCONDS8)
TCOVER14: Sydney, Aisle (for TCOND3, TCOND7)
TCOVER15: Sydney, Window (for TCOND3, TCONDS)
TCOVER16: First, Aisle (for TCOND4, TCOND7)
TCOVER17: First, Window (for TCOND4, TCONDS)
TCOVER18: Business, Aisle (for TCONDS5, TCOND7)
TCOVER19:\Business, Window (for TCONDS5, TCONDS)
TCOVERZ0: Economy, Aisle (for TCOND6, TCOND7)
TCOVER21: Economy, Window (for TCOND6, TCONDS)
B.2.5.6.2 Step 4: Derive Test Cases (TD4)

Test cases are derived by selecting one or more unique pairs of P-V pairs (test coverage items) for
inclusion in the current test case, selecting arbitrary valid values for any other input variable required
by the test case, determining the expected result of the test and repeating until all P-V pairs with
different parameters are included in at least one test case. In this example, three P-V pairs can be
included in all test cases.
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Table B.23 — Test cases pair-wise testing

Test Case Input Values Expected Test Coverage Items
# Destination Class Seat Result
1 Paris First Aisle Accept TCOVER1, 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

London Business Window Accept TCOVERS5, TCOVER13, TCOVER19

¢ London Economy Aisle Accept TCOVER6, TCOVER12, TCOVERR20
T Sydney First Window Accept TCOVER7, TCOVER15, TCOVER17
3 Sydney Business Aisle Accept TCOVERS8, TCOVER14,,TCOVER18
9 Sydney Economy Window Accept TCOVERY, TCOVERYS, TCOVER21

B.2.3.6.3 Step 5: Assemble Test Sets (TD5)

It mqy be decided since there are a relatively small number of test cases, thatthey can be combined into

the dne test set, as follows.

B.2.5

Since

B.2.5

Usin

(

Thugd

TS1: TEST CASES 1,2,3,4,5,6,7,8,9

.6.4 Step 6: Derive Test Procedures (TD6)

there is only one test set, it can be combined into the one test procedure.

TP1: covering all test cases in TS1, in the order specified in the test set.

.6.5 Pair-wise Testing Coverage

b the formula provided in 6.2.5.2 and thetest coverage items derived above:

21
foverage  pairwise) = 1 x100%=100%

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

B.2.3.7 Each Choice Testing
B.2.3.7.1 Step 3:Derive Test Coverage Items (TD3)
In edch choice (or 1-wise) testing, the test coverage items are the set of P-V pairs. Thus, for the travel_
prefarence example, the following test coverage items can be defined:
TEOVER1: Destination - Paris (for TCOND1)
TCOVER2: Destination - London (for TCONDZ2)
TCOVER3: Destination - Sydney (for TCOND3)
TCOVER4: Class - First (for TCOND4)
TCOVER5: Class - Business (for TCONDS)
TCOVER6:  Class - Economy (for TCONDG®6)
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TCOVER7: Seat - Aisle (for TCOND?7)

TCOVERS8: Seat- Window (for TCONDS)

B.2.5.7.2 Step 4: Derive Test Cases (TD4)

Each choice test cases are derived by selecting one or more P-V pairs for inclusion in the current test case,
selecting arbitrary valid values for any other input variables required by the test case, determining the

expected result and repeating until all P-V pairs are included in at least one test case. For this exaiple,
only three test cases are required:

Table B.24 — Test cases for each choice testing

Test Case Input Values Expected Test Covérage Items
# Destination Class Seat Result
1 Paris First Aisle Accept TCOVERY, YCOVER4, TCOVER7
2 London Business Window Accept TCOVER?2, TCOVERS5, TCOVERS
3 Sydney Economy Aisle Accept TEOVER3, TCOVERG6, TCOVER7

Note that other test cases could be derived that would also achieve.the required level of coverage.

B.2.5.7.3 Step 5: Assemble Test Sets (TD5)

Since a very small number of test cases derived in this€xample, it may be decided that they be comhined
into the one test set.

TS1: TEST CASES 1, 2, 3

B.2.5.7.4 Step 6: Derive Test Procedures(TD6)
Since all test cases are in the one testset, we can derive one test procedure.

TP1: covering all test cases im'FS1, in the order specified in the test set.

B.2.5.7.5 Each Choice Testing Coverage

Using the formula provided in 6.2.5.3 and the test coverage items derived above:
8
Coverage ool choice) = 3 x100%=100%

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

B.2.5:8" Base Choice Testing

B.2.5.8.1 Step 3: Derive Test Coverage Items (TD3)

Test coverage items for base choice testing are chosen by selecting a “base choice” value for each
parameter. For example, the base choice could be chosen from the operational profile, from the main
path in use case testing or from the test coverage items that are derived during equivalence partitioning.
In this example, the operational profile may indicate that the following input values should be chosen as
the base choice:

TCOVER1: Destination - London, Seat - Window  (covers TCONDZ,

TCOND6 & TCONDS8)

Class - Economy,
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The remaining test coverage items are derived by identifying all remaining P-V pairs:

TCOVER2

TCOVER3

TCOVER4

Destination - Paris,

Destination - Sydney,

Class - Economy,

Class - Economy,

Seat - Window

Seat - Window

Seat—Windagows

(covers TCONDI1,
TCOND6 & TCONDS)

(covers TCOND3,
TCOND6 & TCONDS)

TCOVERS

TCOVER6

Destination — 1 nnr]r\n’

Destination — London,

Destination - London,

Class — Pircf,

Class - Business,

Class - Economy,

B.2.5.8.2 Step 4: Derive Test Cases (TD4)

A base-choice test case can now be derived by combining the test coverage items:

Base Choice:

London, Economy, Window

Seat - Window

Seat - Aisle

(r‘nvnrc Tr‘ﬂ]\ln')'

TCOND4 & TCONDS)

(covers TCONDZ,
TCONDS5 & TCONDS)

(covershnTCONDZ2,
TCOND®&'& TCOND7)

This|is shown as the first test case the table below. The remainingttest 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

covefed:
Table B.25 — Test cases for base choice testing
Input Values Expected Test Coverage Item

Test|Case # Destination Class Seat Result

1 London Economy Window Accept TCOVER1

2 Paris Economy Window Accept TCOVER2

3 Sydney Economy, Window Accept TCOVER3

4 London First Window Accept TCOVER4

5 London Business Window Accept TCOVERS

6 London Economy Aisle Accept TCOVER6

B.2.3.8.3 Step 5: Assémble Test Sets (TD5)

Since

the dne test set:

TS1: TEST'CASES 1,2, 3,4,5,6

B.2.5.84 Step 6: Derive Test Procedures (TD6)

a small numbepof test cases derived in this example, it may be decided that they be combined into

Since all test cases are in the one test set, we can derive one test procedure.

TP1: covering all test cases in TS1, in the order specified in the test set.
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B.2.5.8.5 Base Choice Testing Coverage

Using the formula provided in 6.2.5.4 and the test coverage items derived above:
6
Coverage pgse _choice) = e x100%=100%

Thus, 100% coverage of test coverage items for base choice testing has been achieved.

B.2.6 Decision Table Testing

B.2.6.1 Introduction

The aim of decision table testing is to derive a set of test cases that cover the logical associa
between inputs and outputs (which are represented as a series of conditions and dctions) associatg
decision rules according to the chosen level of condition and action coverage.

B.2.6.2 Specification

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

If there are sufficient funds available in the accountor'the new balance would be within the autho
overdraft limit then the debit is processed. If thesnew balance would exceed the authorised over
limit then the debit is not processed and if it is d\postal account it is suspended. Letters are sent o
all transactions on postal accounts and for.pon-postal accounts if there are insufficient funds ava
(i.e. the account would no longer be in credit).

B.2.6.3 Step 1: Identify Feature Sets(I'D1)
As there is only one test item definéd in the test basis, only one feature set to be defined:

FS1: cheque debit function

B.2.6.4 Step 2: Derive Test Conditions (TD2)
The test conditions are the conditions and actions that can be derived from the test basis.
The conditionS(€) are:
TCONDT (C1): New balance in credit (for FS1)
TECOND2 (C2): New balance overdraft, but within authorised limit (for FS1)

TCOND3 (C3):  Accountis postal (for FS1)

tions
ed by

and
The
cess
ction

rised
draft
it for
lable

The actions (A) are:

TCOND4 (A1): Process debit (for FS1)
TCOND5 (A2): Suspend account (for FS1)
TCONDG6 (A3): Send out letter (for FS1)
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B.2.6.5 Step 3: Derive Test Coverage Items (TD3)

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 the condition must be FALSE for the decision rule
to apply. In the second part, each decision rule is tabulated against the actions. A ‘T’ indicates that the

acti

that
orm
rega

The

the combination of conditions is infeasible and so no actions are defined for the decision rule. Two
pre columns may be combined if they contain a Boolean condition that does not affect the outcome
dless of its value.

pxample has the following decision table, which identifies 8 decision rules, 6 of which are-feasible

and lhence result in the definition of 6 test coverage items:

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

Decision Rules: 1 2 3 4 5 6 7 8

[1: New balance in credit F F F F T T T T

CR: New balance overdraft, F F T F T T
but within authorised limit

C3: Account is postal F T F T F T F T

A1: Process debit F F T T T T * *

A2: Suspend account F T F F F F * *

A3: Send out letter T T T T F T * *

NOTI

1  Although “T” and “F” have been used in the above decision table to denote “True” and “False”, other

notatfions could be used (e.g. the words “true” and “false” could be used instead).

NOTH
a “lix

2 In the table above, both conditions@nd actions are binary (T or F) conditions, which results in
hited-entry” decision table. In “extended eéntry” decision tables, conditions and/or actions can assume

multiple values.

B.2.6

Test
time
and

by tH
test

cove
decis

.6 Step 4: Derive Test Cases (TD4)

cases are derived by selecting one or more feasible decision rules from the decision table at a
that have not yet been covered by a test case, identifying inputs to exercise the condition(s)
hctions(s) of the déeision rule and arbitrary valid values for any other input variables required
e test case, detérmiining the expected result and repeating these steps until the required level of
coverage is achieved. The following test cases would be required to achieve 100% decision table
rage, and corfespond to the decision rules in the decision table above (no test cases are derived for
ion rules 7 and 8 since they are infeasible):

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

CAUSES/INPUTS EFFECTS/RESULTS
account overdraft current debit New action Test Coverage
Test Case type limit balance amount Balance code Item
1 ‘¢’ £100 -£70 £50 -£70 ‘T 1
2 ‘P’ £1500 £420 £2000 £420 ‘S&L/ 2
3 ‘¢’ £250 £650 £800 -£150 ‘D&L 3
4 ‘P’ £750 -£500 £200 -£700 ‘D&L 4
5 ‘¢’ £1000 £2100 £1200 £900 ‘D’ 5
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Table B.27 (continued)

CAUSES/INPUTS EFFECTS/RESULTS
account overdraft current debit New action
Test Coverage
Test Case type limit balance amount Balance code Item
6 v £500 £250 £150 £100 ‘D&L 6

B.2.6.7 Step 5: Assemble Test Sets (TD5)

Since there are only six test cases required to cover all decision rules, it may be decided that al
cases will be manual and will all be placed in the one test set.

TS1: TESTCASE1,2,3,4,5,6

B.2.6.8 Step 6: Derive Test Procedures (TD6)
Since all test cases are in the one test set, we can derive one test procedurg.

TP1: covering all test cases in TS1, in the order specified in the test'set.

B.2.6.9 Decision Table Testing Coverage

Using the formula provided in 6.2.6 and the test coverage itens derived above:
6 0 0
Coverage(decision_table_testing) = g x100%=100%

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

B.2.7 Cause-Effect Graphing

B.2.7.1 Introduction

The aim of cause-effect graphing-is to derive test cases that cover the logical relationships betj
causes (e.g. inputs) and effects (e.g. outputs) of a test item according to a chosen level of cove]
The technique utilises a notation that allows a cause-effect graph of the test item to be designed
illustrates relationships hetween causes and effects as well as explicit constraints placed on cause
effects. This differs ffom decision table testing in which constraints are not explicitly stated. Natu
the technique is onlyj effective to the extent that the model captures the test basis of the test item.

B.2.7.2 Specification

Take a_cheque debit function whose inputs are debit amount, account type and current balance
whoséoutputs are new balance and action code. Account type may be postal (‘p’) or counter (‘c’)
action code may be ‘D&L, ‘D’, ‘S&L’ or ‘L, corresponding to ‘process debit and send out letter’, ‘pr
debit only’, ‘suspend account and send out letter’ and ‘send out letter only’ respectively. The fun

test

veen
rage.
that
5 and
rally,

and
The
cess
ction

has the following test basis:

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.2.7.3 Step 1: Identify Feature Sets (TD1)

As there is only one test item defined in the test basis, only one feature set to be defined:
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FS1: cheque debit function

B.2.7.4 Step 2: Derive Test Conditions (TD2)

The test conditions are the causes and effects that can be derived from the test basis.

The causes are:

Naourlhalan oo 10 oo Jd4
NCvWwoaranctTIiTr CTCUTC

(for TC

The ¢ffects are:

TCOND2 (C2):
TCOND3 (C3):

TCOND4 (A1):
TCONDS5 (A2):
TCOND6 (A3):

New balance overdraft, but within authorised limit

Account is postal

Process debit
Suspend account

Send out letter

1)
oT o1

(for FS1)
(for FS1)

(for FS1)
(for ES1)
(for FS1)

A cayse-effect graph shows the relationship between the causes and effec¢ts in a notation similar to that
used|by designers of hardware logic circuits. The test basis is modelled by the graph shown below.

Figure B.10 — Cause-effect graph of the cheque debit function (see below for notation)

NOTE1  The “empty” node that connects C1/C2 to A1/A2/A3 is a connector node that is used to group together

two qr more causes.
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Identity Node Y is true only if X is true
X Y ) fX=TthenY=Telse Y=F
Not Node Y is true only if X is false
X Y ) IfX=FthenY=Telse Y=F
And Node Z is true only if both X and Y are true
é/ ) IfX=TandY=TthenZ=Telse Z=F
Or Node Z is true only if either X or<Y)are true
é/ *) IfX=TorY=TthenZ=Telse’Z =F
Nand Node Z is trueconly if either X or Y or both are falde
X A “) IfX=ForY&FthenZ=Felse Z=T
Nor Node Z is true only if neither X norY are true

IfX=TorY=TthenZ=Felse Z=T

O
N
()

Figure B.11 — Notation for illustrating relationships between causes and effects in causp-
effect graphing

NOTE 2  Although the following “constraint” notations are not required for the example demonstrated in
this clause, they are included here as they confer advantages in identifying required, permitted and forbjdden
relationships between causes and relationships between effects. Such constraint relationships are not explicitly
stated in decision table$ arid are often implicit in specifications. These notations provide a means for verifying
the integrity of the causé-effect graph, the decision table and the test cases that are derived from it.
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Cause Constraints

Exclusive /@ Cause X and cause Y cannot be simultaneously true
E IfX=1thenY=0,ifY=1thenX=0, can be
simultaneously false
Y
Inclusive /@ Cause X and cause Y cannot be simultaneously false
I IfX=0thenY=1,ifY=0then X =1, can be
\@ simultaneously true
One and /@ One and only one of cause X and cause Y must be true
only one
0 IfX=1thenY =0, ifY =1 then X = 0, canhqtbe
\@ simultaneously true or false
Requires @ Cause Y must be true whenever cause X is true
R < IfX=1thenY=1,jfX0thenY=10rY=0

Effect Constraints

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

IfX=1thenY=0

&

Fighire B.12 — Notation for'representing cause and effect constraints in cause-effect graphing

B.2.7.5 Step 3: Derive Test Coverage Items (TD3)

The fause-effect{graph is then recast in terms of a decision table (e.g. see for example (Myers 1979)
and [Nursimulu¢and Probert 1995)), which enables identification of the test coverage items (i.e. the
feasiple decision rules in the decision table). Each column of the decision table is a decision rule. The
tablg comprises two parts. In the first part each decision rule is tabulated against the causes. A ‘T’
indidates'that the cause must be TRUE for the decision rule to apply and an ‘F’ indicates that the cause

mus Wha BALSE forthao docicion yrualato annly Tn tha cacand nart Aach

beEALSE for-the-decisionrule-to-applytnthe secondparteachdecisionrule
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.

docicionrulaic talhnlatnd ~gainct
IStatthateaagaHiSt

The example has the following decision table, which identifies six test coverage items (decision rules 7
and 8 are not test coverage items since they are infeasible):
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Table B.28 — Decision table of the cheque debit function

Decision Rules: 1 2 3 4 5 6 7 8
C1: New balance in credit F F F F T T T T
C2: New balance overdraft, F T T T
but within authorised limit

C3: Account is postal F T F T F T F T
A1: Process debit F F T T T T * i
A2: Suspend account F T F F F F * *
A3: Send out letter T T T T F T v i

B.2.7.6 Step 4: Derive Test Cases (TD4)

Test cases are derived by selecting one or more feasible decision rules from the/decision table that
not been included in a test case, identifying inputs to exercise the causes(s)andeffects(s) of the dec
rule and arbitrary valid values for any other input variable required by the'test case, determinin
expected result of the test case, and repeating these steps until all feasible decision rules are cov

The following test cases achieve 100% cause-effect coverage and_correspond to the decision rulhes in

have
ision
o the
ered.

the decision table above (no test cases are generated for decision-rtules 7 and 8 as they are infeasible):
Table B.29 — Test case table of the cheque debit function
CAUSES/INPUTS EFFECTS/RESULTS
account overdraft current debit New action Test ﬁ(;\srage
Test Case type limit balance amount balance code
1 ‘¢ £100 -£70 £50 -£70 ‘v 1
2 P’ £1500 £420 £2000 £420 ‘S&L 2
3 ‘c £250 £650 £800 -£150 ‘D&L 3
4 by £750 -£500 £200 -£700 ‘D&L 4
5 ‘¢ £1000 £2100 £1200 £900 ‘D’ 5
6 P £500 £250 £150 £100 ‘D&L 6
B.2.7.7 Step 5: Assénible Test Sets (TD5)
Since there are_6nly six test cases required to cover all decision rules, it may be decided that al] test
cases will be manual and will all be placed in the one test set.
TS1, TEST CASE 1, 2,3,4,5,6
B.2.7:8 Step 6: Derive Test Procedures (TD6)
Sinice all test cases are in the one test set, we can derive one test procedure.
TP1: covering all test cases in TS1, in the order specified in the test set.
B.2.7.9 Cause-Effect Graphing Coverage
Using the formula provided in 6.2.7 and the test coverage items derived above:
C _8 100% =1009
Overage(Causefeﬁectfgraphing) - g X o= %o
Thus, 100% coverage of test coverage items for cause-effect graphing has been achieved.
© ISO/IEC 2015 - All rights reserved 81

© IEEE 2015 - All rights reserved


https://standardsiso.com/api/?name=52b6a481b88b3e829dd352730b4a4ec6

ISO/IEC/IEEE 29119-4:2015(E)

B.2.8 State Transition Testing

B.2.8.1 Introduction

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.
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.2 Specification
ider a test item, manage_display_changes, with the following test basis:

est item responds to input requests to change an externally held display mode for a time display/ device.
xternal display mode can be set to one of four values: two correspond to displaying either. the time or
ate, and the other two correspond to modes used when altering either the time or date:

’

b are four possible input requests: ‘Change Mode’, ‘Reset’, ‘Time Set’ and ‘Date Set*A ‘Change Mode’
request shall cause the display mode to move between the ‘display time’ and ‘display date’ values. If the
1y mode is set to ‘display time’ or ‘display date’ then a ‘Reset’ input request shall\cause the display mode
set to the corresponding ‘alter time’ or ‘alter date’ modes. The ‘Time Set’ iplt request shall cause the
1y mode to return to ‘display time’ from ‘alter time’ while similarly the<Date Set’ input request shall
b the display mode to return to ‘display date’ from ‘alter date’.

.3 Step 1: Identify Feature Sets (TD1)
ere is only one test item defined in the test basis, only ong féature needs to be defined:

S1: manage_display_changes

.4 Step 2: Derive Test Conditions (TD2)

te model is produced as the test condition: State transition diagrams (STD) are commonly used
ate models and their notation is illustrated below. A STD consists of states, transition, events
ictions (see Figure B.13). Events are.always caused by input. Similarly, actions are likely to cause
it. The output from an action may.be essential in order to identify the current state of the test
A transition is determined by the’current state and an event and is normally labelled simply with
vent and action. As explained in 5.2.8.1, in state transition testing the test conditions may be all
s of the state model, all transitions of the state model or the entire state model, depending on the
rage requirements of te§ting.

State 1

input —}p event

transition ——p action ——p output

82

A 4
State 2

Figure B.13 — Generic state model
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The STD for the test item manage_display_changes is as follows (which in this example is the test
condition TCOND1):

‘reset’ (R)
alter time (AT)
DISPLAYING CHANGING
TIME (S1) < TIME (S3)
‘time set’ (TS)
A
display time (T)
‘change ‘change
mode’ (CM) mode’ (CM)
display display
time (T) date (D)
‘reset’ (R)
A 4 alter date (AD)
DISPLAYING > CHANGING
DATE (S2) < DATE (S4)
‘date set’ (DS)

display date (D)
Figure B.14 — State transition diagram for manage_display_changes

B.2.8.5 Step 3: Derive TestCoverage Items - 0-Switch and “All Transitions” Testing (TD3)

Assuming the chosen level of coverage is “all transitions”, a state table can be drawn to represent all
valid and invalid transitions (the required test coverage items). To achieve full 0-switch coverage|only
the valid transitions need to be exercised.

A limitation of-0-switch coverage is that the tests are derived to exercise only the valid transitiopns in
the test itemmA' more thorough test of the test item will also attempt to cause invalid transitiohs to
occur (“alltransitions”). The STD only explicitly shows the valid transitions (all transitions not shown
are considered invalid). One example of a state model that explicitly shows both valid and inyalid
transitions is a state table, while an alternative representation is a state transition diagram|that
inclades an “anomalous” state at which all invalid transitions terminate. One notation used for gtate
tables is briefly described below:

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 Entry X = Finish State / Output or Action for the given start state and input.

© ISO/IEC 2015 - All rights reserved 83
© IEEE 2015 - All rights reserved


https://standardsiso.com/api/?name=52b6a481b88b3e829dd352730b4a4ec6

ISO/IEC/IEEE 29119-4:2015(E)

The state table for manage_display_changes is shown below:

Table B.31 — State table for manage_display_changes

CM R TS DS
s1 S2/D S3/AT S1/- S1/-
S2 S1/T S4/AD S2/- S2/-
3 S3/- S3/- S1/T S3/-
S4 S4/- S4/- S4/- $2/D

Any lentry where the state remains the same and the action is shown as null (-) represents\a null
trangition, where any actual transition that can be induced will represent a failure. It is the testing of
thes¢ null transitions that is ignored by test sets designed just to achieve coverage of valid test coverage
itemp (0-switch). Thus a more complete test set (“all transitions”) will test both possible transitions
and pull transitions, which means testing the response of the test item to all inputs sgecified in the test
basig in all possible states. The state table provides an ideal means of directly defiving test coverage
item§ to cover null transitions (for “all transition” coverage).

Therf are 16 entries in the table above representing each of the four possibiéinputs that can occur in
each|of the four possible states, making 16 test coverage items for “all transitions” coverage, which can
be rdad from the state table as shown below:

Table B.32 — State table to test case table mapping for manage_display_changes

CM R TS DS

4 S2/D S3/AT S1/- S1/-
(TCOVER1) (TCOVER2) (TCOVER3) (TCOVER4)

4 S1/T S4/AD S2/- S2/-
(TCOVERS) (TCOVERS) (TCOVER7) (TCOVERS)

L S3/- §3/- S1/T S3/-
(TCOVER9) (TCOVER10) (TCOVER11) (TCOVER12)

4 S4/- S4/- S4/- S2/D
(TCOVER13) (TCOVER14) (TCOVER15) (TCOVER16)

Thug, the following (valid and.invalid) test coverage items were identified from the state table above for
“all transitions” coveraget

TCOVER1: S1.t0S2 with input CM (for FS1, valid transition)

TCOVER2: S1 to S3 with input R (for FS1, valid transition)

TCOVERS3; S1 to S1 with input TS (for FS1, invalid transition)

TCOYER4: S1 to S1 with input DS (for FS1, invalid transition)

TCOVERS: S2 to S1 with input CM (for FS1, valid transition)

TCOVERG6: S2 to S4 with input R (for FS1, valid transition)

TCOVER?7: S2 to S2 with input TS (for FS1, invalid transition)

TCOVERS: S2 to S2 with input DS (for FS1, invalid transition)

TCOVERO: S3 to S3 with input CM (for FS1, invalid transition)
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TCOVER10: S3 to S3 with input R (for FS1, invalid transition)
TCOVER11: S3 to S1 with input TS (for FS1, valid transition)

TCOVER12: S3 to S3 with input DS (for FS1, invalid transition)
TCOVER13: S4 to S4 with input CM (for FS1, invalid transition)
TEOVERTS Stto-S4with-inputR tforFSHinvatid-transition
TCOVER15: S4 to S4 with input TS (for FS1, invalid transition)
TCOVER16: S4 to S2 with input DS (for FS1, valid transition)

B.2.8.6 Step 4: Derive Valid Test Cases (TD4)

B.2.8.6.1 Options

Test cases can now be derived to exercise each of the possible transitions*(using the abbreviated STD
labels). Input(s) to exercise the transition(s) that are to be covered byledch test case can be deternjined
from the STD, as can the expected result, which can be determined\by combining the expected ofyitput
and final state of the transition in the STD. Test cases may be derived to cover one to n transitionfs per
test case, where n is the maximum number of transitions possible. For example, test cases could be
derived for 0-switch or 1-switch coverage (although in prdctice it would not be necessary to dprive
both 0-switch and 1-switch test cases, this is demonstrated below simply to explain the approach){ Test
cases can also be derived to cover invalid transitions.These three scenarios are demonstrated belpw.

B.2.8.6.2 Step 4a: Derive 0-Switch Test Cases (Valid Transitions)
The following six test cases provide 0-switchr test coverage. Each test case is derived by selecting a

transition and identifying the inputs, expected output and final state from the STD until all transifions
are covered by one test case.

Table B.33 — 0O:switch test cases for manage_display_changes

Test Case 1 2 3 4 5 6
Start State S1 S1 S2 S2 S3 S4
Input CM R CM R TS DS
Expected Output D AT T AD T D
Finish State S2 S3 S1 S4 S1 S2
Test Coveragedtem 1 2 5 6 11 16
NOTE A test procedure could be written for the six text cases in the table above that would allow them|to be

executed sequentially so that the “Finish State” for one test case is the start state of the next (e.g. execution prder
5¢1¥4, 6, 3, 2). This is elaborated on in step 5.
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(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 achieves 0-switch coverage (Cho
1987). Tests written to achieve this level of coverage are limited in their ability to detect some types 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.2.8.6.3 Step 4b: Derive Test Cases for Invalid Transitions
Test cases to cover invalid transitions can now be defined as follows, where “-“ represents a null transition:

© ISO/IEC 2015 - All rights reserved 85
© IEEE 2015 - All rights reserved


https://standardsiso.com/api/?name=52b6a481b88b3e829dd352730b4a4ec6

ISO/IEC/IEEE 29119-4:2015(E)

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 State S1 S1 S2 S2 S3 S3 S3 S4 S4 S4
Test|Coverage Item 3 4 7 8 9 10 12 13 14 15
As the table above shows, test cases that cover invalid test coverage items should not cause transition

away
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If the
writ

from the starting state. The test cases in the above two tables combined will achieve’ “all
itions” coverage.

.6.4 Step 4c: Derive Test Coverage Items - 1-Switch Testing (TD3)

ollowing test coverage items can be derived from the STD to achieve 1-switch coverage:

TCOVER17: S1 to S2 to S1 with inputs CM and CM (for FS1)

TCOVER18: S1 to S2 to S4 with inputs CM and R (for FS1)
TCOVER19: S1 to S3 to S1 with inputs R and TS (for EST)
TCOVER20: S3 to S1 to S2 with inputs TS and CM (for FS1)
TCOVER21 S3 to S1 to S3 with inputs TS and R (for FS1)

TCOVER22: S2 to S1 to S2 with inputs CM and €M (for FS1)

TCOVER23: S2 to S1 to S3 with inputs CM%and R (for FS1)
TCOVER24: S2 to S4 to S2 with inputs R and DS (for FS1)
TCOVER25: S4 to S2 to S1 with infputs DS and CM (for FS1)
TCOVERZ26: S4 to S2 to S4 with inputs DS and R (for FS1)

.6.5 Step 4d: Derive 1-Switch Test Cases (TD4)

 test coverage chosen/in step TD3 was to cover all 1-switch transitions, then test cases could be
en to exercise all.possible sequential pairs of transitions. In this example, there are ten, as follows:

Table B.35 — 1-switch test cases for manage_display_changes

TestCase 17 18 19 20 21 22 23 24 25 26
Star{ State S1 S1 S1 S3 S3 S2 S2 S2 S4 S4
Inpu 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
Finish State S1 S4 S1 S2 S3 S2 S3 S2 S1 S4
Test Coverage Item 17 18 19 20 21 22 23 24 25 26
86 © ISO/IEC 2015 - All rights reserved
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This indicates that test case 17 comprises two transitions. For the first transition the starting state
is DISPLAYING TIME (S1), the initial input is ‘change mode’ (CM), the intermediate expected output is
display date (D), and the next state is DISPLAYING DATE (S2). For the second transition, the second input
is ‘change mode’ (CM), the final expected output is display time (T), and the finish state is DISPLAYING
TIME (S1). Note that the intermediate states, and the inputs and outputs for each transition, are
explicitly defined.

Longer sequences of transitions can be tested to achieve higher and higher levels of switch coverage,

1 1 : +1 1 A I A —l 1 : 1
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B.2.8.7 Step 5: Assemble Test Sets (TD5)

If may be decided that all 0-switch test cases (covering valid transitions) will be assembled into ong test
set, the “all transitions” test cases covering invalid transitions in another test set and\all 1-switch test
cases into a third, as follows:

TS1: 0-switch test cases - TEST CASES 1, 2, 3,4,5,6.
TS2: “all transitions” INVALID test cases - TEST CASES 7, 8,9,10,11, 12, 13, 14, 15, 16.
TS3: 1-switch test cases - TEST CASES 17,18/19, 20, 21, 22, 23, 24, 25, 26.

NOTE1 In some instances, it is possible to order individual test cas€s such that the “Finish State” for ong test
case is the starting state of the next. This can improve efficiency during test execution. The possibility of floing
this depends on the specific state model being tested. In the example above, the following ordering of test fases
would achieve this objective: TS1: 0 switch test cases - TEST.CASES 5, 1, 4, 6, 3, 2.
NOTE 2  Since the 1-switch test cases defined above coverall paths in the 0-switch test cases, it is unnecefsary

to define test sets and test procedures for the 0-Switch test cases. However, they are included here for
completeness.

B.2.8.8 Step 6: Derive Test Procedures(TD6)
One test procedure could be defined tojexecute all test cases in the order that they are defined in stlep 5:

TP1: covering all test cases i TS1, TS2 and TS3, in the order they are defined in the test sets.

B.2.8.9 State Transition Testing Coverage

Using the formula provided in 6.2.8 and the test coverage items derived above:
6
Coverage ~guitch_coverage) = e x100%=100%

16
Coverage(all_transitions_cov erage) = 16 x100%=100%

10
Coverage(l—switch_coverage) = E x100%=100%

Thus, 100% coverage of test coverage items for 0-switch testing, 1-switch testing and all-transitions
testing has been achieved.

B.2.9 Scenario Testing

B.2.9.1 Introduction

The aim of scenario testing is to derive test cases that cover the scenarios of the test item according to
the chosen level of coverage. Scenario testing is based upon an analysis of the test basis to produce a
model of its behaviour in terms of sequences of actions that constitute workflows through the test item.
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There are two types of scenario testing demonstrated below. The first example is based on a generic
form of the technique, while the second is a specific example based on use cases.

B.2.9.2 Example 1

B.2.9.2.1 Specification

Consider a test item withdraw cash that forms part of the system that drives an Automated Teller

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

The withdraw_cash function allows customers with bank accounts to withdraw funds from their account
via ap ATM. A withdrawal can only be made by a user with an open bank account, a valid card and mqatching
pin, dnd a working ATM. After the withdrawal is complete, the account balance is debited by the withdrawn
amotnt, 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.

Alternative Scenarios

Withdrawal not approved, because:

— the user’s bank card is rejected as it is unrecognised by the ATM

— he user enters their PIN incorrectly up to 2 times

— the user enters their PIN incorrectly three times, with;the ATM retaining the card
— the user selects deposit or transfer instead of withdrawal

— the user selects an incorrect account that deés not exist on the entered card
— the withdrawal amount entered by the user is invalid

— {there is insufficient cash in the ATM

— the user enters a non-dispensable amount

— he user enters an amount that exceeds their daily allowance

— {ghere are insufficientfunds in the user’s bank account

NOTH In realityfadditional scenarios, which address situations such as the user pressing cancel at any point
in the process, are'also possible.

B.2.9.2.2 _Step 1: Identify Feature Sets (TD1)

As tHete)is only one test item defined in the test basis, only one feature set needs to be defined:

FS1: withdraw_cash function

B.2.9.2.3 Step 2: Derive Test Conditions (TD2)

To enable the identification of test conditions, a model of the test item must be produced that identifies
the scenarios (and the activities within them) present in each scenario. The example model below is a
flow-of-events diagram. In this notation, the “main” path is represented as a thick black line, the start
and end points of the workflow are labelled, and each action is tagged with a unique identifier that
designates it as a user (U) or system (S) (i.e. test item) action.
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Figure B.15 — Flow of events diagram for withdraw_cash function
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In scenario testing, the test conditions are the main and alternative scenarios that are to be covered
during testing (i.e. they are the sequences of user and system interactions through the flow of eyents
diagram that constitutes one scenario). There were 11 scenarios described in the specification, inclyding

one main and ten alternatives. These can be described as test conditions (covering FS1) as follows:

TCOND1: Successful withdrawal of funds

(covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, US, S5.1,
$6, 57, S8, S9, U6)

TCOND2: User’s card is unrecognised by ATM  (covers U1, S1.2, S9, U6)

TCOND3: User enters PIN incorrectly < 3 times (covers U1, S1.1, U2, S2.2)

TCOND4: User enters pin incorrectly 3 times (covers U1, S1.1,U2,S2.2,U2,S52.2,U2,S2.3, S3)

TCONDD5: User selects deposit or transfer
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TCONDG6: User selects incorrect account (covers U1, S1.1, U2, S2.1, U3.1, U4, S4.2)
TCOND7: User enters invalid withdrawal amount (covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.2)
TCONDS: Insufficient cash in the ATM (covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.3)

TCONDO: User enters non-dispensable amount (covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.4)

TLANDAAO LT LL LL LL

i i i Jail L 1 _C1 1 2._CO 1 2.4 114 _C4. 4 11C _Cr -
CGUINU IV USTIL TILTT S dHITUUIIT TALTTUILS UdIly (LUVEIS UL, O01L.1, U4, 54.1, UJ.1, UT, 57.1, UJ, 5J.J])

allowance

TCOND11: Insufficient funds in user’s account  (covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.6)

B.2.9.2.4 Step 3: Derive Test Coverage Items (TD3)

In scpnario testing, the test conditions are the typical and alternative scenarios, which ate the same as
the tpst coverage items.

TCOVER1 = TCOND1 TCOVER7 = TCOND7
TCOVERZ = TCOND2 TCOVERS8 = TCONDS
TCOVER3 = TCOND3 TCOVER9 = TCOND9
TCOVER4 = TCOND4 TCOVER10 = TEOND10
TCOVERS = TCONDS TCOVER11’= TCOND11

TCOVER6 = TCOND6

B.2.9.2.5 Step 4: Derive Test Cases (TD4)

Test

cases are derived by selecting a scenario te'cover, identifying inputs to exercise the path covered by

the tpst case, determining the expected result of the test and repeating until all scenarios are covered
as required. The steps of the test case aré-typically worded in natural language format. If we assume

that
case

one test case is required to coverieach test coverage item that was identified, the following test
5 could be derived.

NOTE 1  Within each test case there are a wide variety of input values that could be chosen to populate each
inpuffield. Equivalence Partitighing can be used to derive a set of values for populating each input field.

Table B.36 — Test cases for scenario testing

TestCase # 1

TestCase Name Successful withdrawal of funds

Scenprio Path*EXercised U1,S1.1,U2,S2.1,U3.1, U4, S4.1, U5, S5.1, S6, S7, S8, S9, U6

Inpuf Valid card with valid customer account - assume 293910982246 is valid
Valid PIN = assume 5652 isvalid and matches card
ATM Balance - $50,000
Customer Account Balance - $100
Withdrawal amount - $50

Pre-condition A withdrawal can only be made by a user with an open bank account, a valid
card and matching pin, and a working ATM
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Table B.36 (continued)

Expected Result

Withdrawal has successfully been made from customer account

ATM balance is $49,950

Customer account balance is $50

ATM is open, operational and awaiting a customer card as input

Test Coverage Item

TCOVER1

Table B.37 — Test cases for scenario testing

Test Case # 2
Test Case Name User’s card is unrecognised by ATM
Scenario Path Exercised U1, S1.2,59,U6

Input

Invalid card

Pre-condition

A withdrawal can only be made by a user with anfopen bank account, a vali
card and matching pin, and a working ATM

Expected Result

Card is rejected by the ATM with an error message indicating that the card
invalid. The ATM is waiting for the custemer to remove the invalid card.

is

Test Coverage Item

TCOVER2

Table B.38 — Test cases for‘scenario testing

Test Case #

3

Test Case Name

User enters PIN incorrectly < 3 times

Scenario Path Exercised

U1,S1.1,U02,S2,2

Input

Valid card with valid customer account - assume 293910982246 is valid

Invalid PIN ehtered twice - assume 0000 is invalid and does not match card
ATM Balance - $100

Custdmer Account Balance - $500

Pre-condition

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

card

Expected Result

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

Test Coverage Item

TCOVER3

Table B.39 — Test cases for scenario testing

Test Case-#

4

Test Case Name

User enters PIN incorrectly 3 times

Scenario Path Exercised

U1, S1.1,U2, S2.2,U2, S2.2,U2, S2.3, S3

Input

Valid card with valid customer account - assume 293910982246 is valid

Invalid PIN entered three times - assume 0000 is invalid and does not match card

ATM Balance - $100

Customer Account Balance - $500

Pre-condition

A withdrawal can only be made by a user with an open bank account, a valid card

and matching pin, and a working ATM
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Table B.39 (continued)

Expected Result

Test Coverage Item

Each time invalid PIN is entered, system displays a message indicating that PIN is
incorrect and prompts user to enter PIN again. On the third try, system retains the
card and displays message indicating that card has been retained and that user
should contact their bank to recover it. ATM retains the user’s card. ATM is open,
operational and awaiting a customer card as input.

TCOVER4

Table B.40 — Test cases for scenario testing

TestCase #

5

TestCase Name

User selects deposit or transfer

Scenprio Path Exercised

U1, S1.1,02,S2.1,U03.2, S10

Inpuf

Valid card with valid customer account - assume 293910982246 is*valid

Valid PIN - assume 5652 is valid and matches card

Transaction Type - Deposit

Pre-¢ondition

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

Expdcted Result

System displays message prompting the user tolenter deposit details

Test[Coverage Item

TCOVERS

Table B.41 — Test cases for scenario testing

Test|Case #

6

Test|Case Name

User selects incorrect accoudit

Scenprio Path Exercised

U1,S1.1,U02,S2.1,U3.1, U4, S4.2

Inpuf

Valid card with valid .customer account - assume 293910982246 is valid

Valid PIN - assume-5652 is valid and matches card
ATM Balance ©$100

Customer'selects incorrect account that does not exist on the card

Pre-¢ondition

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

Expdcted Result

System displays message indicating that the account entered is invalid, and
prompts the user to select a new account

Test [Coverage Item

TCOVER6

Table B.42 — Test cases for scenario testing

TestCase #

7

Test Case Name

User enters invalid withdrawal amount

Scenario Path Exercised

U1, S1.1,U2,S2.1,U3.1, U4, S4.1, U5, S5.2

Input

Valid card with valid customer account - assume 293910982246 is valid

Valid PIN - assume 5652 is valid and matches card
ATM Balance - $100

Customer Account Balance - $20

Withdrawal amount - $17

Pre-condition

A withdrawal can only be made by a user with an open bank account, a valid card
and matching pin, and a working ATM
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Table B.42 (continued)

5(E)

Expected Result

System displays message indicating that the amount entered is invalid, and
prompts the user to enter a new amount

Test Coverage Item

TCOVER7

Table B.43 — Test cases for scenario testing

Test Case #

8

Test Case Name

Insufficient cash in the ATM

Scenario Path Exercised

U1,S1.1,U2,S2.1,U3.1, U4, S4.1, U5, S5.3

Input

Valid card with valid customer account — assume 293910982246Jis valid

Valid PIN - assume 5652 is valid and matches card

ATM Balance - $100

Customer Account Balance - $500

Withdrawal amount - $200

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

card and matching pin, and a working ATM

Expected Result System displays message indicating thatthere are insufficient funds available in
the ATM, and prompts the user to enter a new amount
Test Coverage Item TCOVERS8
Table B.44 — Test cases.for scenario testing
Test Case # 9
Test Case Name User enters non:dispensable amount
Scenario Path Exercised U1, S1.1,U02;82.1,U3.1, U4, S4.1, U5, S5.4
Input Valid card with valid customer account - assume 293910982246 is valid
ValjdPIN - assume 5652 is valid and matches card
ATM Balance - $100, and ATM only contains $50 notes
Customer Account Balance - $1,000
Withdrawal amount - $20
Pre-condition A withdrawal can only be made by a user with an open bank account, a valld

Expected Resuilt

pense by the ATM, and prompts the user to enter a new amount

System displays message indicating that denomination entered cannot be dlis-

Test Coverage Item

TCOVER9

Table B.45 — Test cases for scenario testing

Tact Caca H

10
T

TSt oot

Test Case Name

User enters amount exceeding daily allowance

Scenario Path Exercised

U1, S1.1,U02,S2.1, U3.1, U4, S4.1, U5, S5.5
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Table B.45 (continued)

Input Valid card with valid customer account - assume 293

910982246 is valid

Valid PIN - assume 5652 is valid and matches card

ATM Balance - $100, and ATM only contains $50 notes

Customer Account Balance - $3,000

Customer Maximum Daily Allowance - $1,000

Withdrawal amount - $2,000

and matching pin, and a working ATM

Pre-¢ondition A withdrawal can only be made by a user with an open bank account, a valid card

Expqcted Result System displays message indicating that the amount

daily allowance, and prompts the user to enter a new amount

entered exceeds theniser’s

Test [Coverage Item TCOVER10

Table B.46 — Test cases for scenario testing

Test[Case # 11

Test[Case Name Insufficient funds in the user’s account

Scenprio Path Exercised U1,S1.1,U02,S2.1,U03.1, U4, S4.1, U5, S5.6

Inpuf 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 - $20

Withdrawal amount - $50

card and matching pifiyand a working ATM

Pre-¢ondition A withdrawal can only be made by a user with an open bank account, a valid

Expdcted Result System displays message indicating that there are i
in user’s bankaccount, and prompts user to enter a

nsufficient funds available
new amount

Test [Coverage Item TCOVER11

NOTHE 2  The test cases above are each contained in a separate table for readability. In practice, they could be

contdined in one table.

B.2.9.2.6 Step 5: Assenible Test Sets (TD5)

Testg could be groupéd)according to whether they cover the main or alternative scenarios:

TS1: TEST CASE 1.
TS2: TEST'CASES 2, 3,4,5,6,7,8,9,10, 11.

B.2.9.2.7 Step 6: Derive Test Procedures (TD6)

Two procedures are required as follows:
TP1: covering the test case in TS1, in the order specified in the test set.

TP2: covering the test cases in TS2, in the order specified in the test set.
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B.2.9.2.8 Scenario Testing Coverage

Using the formula provided in 6.2.9 and the test coverage items derived above:

11

Coverage scenario) = HX 100%=100%

B.2.9.3 Example 2

B.2.9.3.1 Introduction

Use case testing is a form of scenario testing, in which test case derivation is based on a use‘case npiodel
of the test item. It is demonstrated here using a separate example to provide users of thisstandard|with

a fully worked example of this technique.

B.2.9.3.2  Specification

Consider the following example use case for a test item change_password:

Table B.47 — 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
Description This use case allows users to change'their current password to a new password.
Trigger User clicks Change PasswordButton on the Main Menu screen
Preconditions User must already be logged‘into the system
Scenario Name 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”
AlternativeFlow - 3.1 User enters their current password incorrectly
}Eri(ci;'lc.irr;%fassword 3.2 User enters their new password correctly

3.3 User enters their new password correctly

34 User clicks OK

35 Systemrdisplaysanerrermessage Currentpasswerd-enteredineorrect-

ly. Please try again.” and highlights all text in the Current Password field

Alternative Flow - New |4.1 User enters a new password that is less than 8 characters long
Eizsr‘;vcotre?'s[‘ess Than 8 4.2 User clicks OK

4.3 System displays an error message “New password must be at least 8

characters long. Please try again.”
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Table B.47 (continued)
Use Case ID Ucoo01
Use Case change_password
Purpose To allow a user to change their existing password to a new password
Actors User
Description This use case allows users to change their current password to a new password.
Trigger User clicks Change Password button on the Main Menu screen
Precpnditions User must already be logged into the system
Scenprio Name Step Action
Altegnative Flow - New |5.1 User enters a new password that is the same as their current password
E;?ts g:ggvfjge as Cur- 5.2 User clicks OK
5.3 System displays error message “New password mustfiet be the same as
current password. Please try again.”
Altefnative Flow - New |6.1 User re-enters new password that does not match.the new password
Passwords Do Not they entered at step 4
Matdh 6.2 User clicks OK
6.3 System displays error message “New.pdasswords do not match. Please
try again.”

Varignts and Ex- |[None
ceptjons
Rulep New password must be different from current password

New password must be at least 8 characterslong

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 theuser clicks the “Change Password” button
NOTH Additional scenarios, which address situations such as the user entering invalid characters for their

new password, could also exist.

B.2.9

.3.3 Step 1: Identify Feature Sets (TD1)

As tHere is only one testitem defined in the test basis, only one feature set needs to be defined:

FS1:| change_password function

B.2.9.3.4 Step‘2: Derive Test Conditions (TD2)

Test |conditions may be the typical and alternative scenarios present in the use case. In this example

theylare;
TCOND1: Main Flow (for FS1)
TCOND2: Alternative Flow - Existing Password Incorrect (for FS1)
TCOND3: Alternative Flow - New Password Less Than 8 Characters (for FS1)
TCOND4: Alternative Flow - New Password Same as Current Password (for FS1)
TCONDS5: Alternative Flow - New Passwords Do Not Match (for FS1)
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The test coverage items in use case testing are the typical and alternative scenarios, as follows.

TCOVER1:  Main Flow (for TCOND1)
TCOVER2:  Alternative Flow - Existing Password Incorrect (for TCONDZ2)
TCOVER3:  Alternative Flow — New Password L.ess Than 8 Characters (for TCOND3)
TCOVER4:  Alternative Flow — New Password Same as Current Password (for TCOND4)
TCOVER5:  Alternative Flow — New Passwords Do Not Match (for TEONDS)

B.2.9.3.6 Step 4: Derive Test Cases (TD4)

Test cases are derived by selecting a scenario to cover, identifying inputs to exercise the path coyered
by the test case, determining the expected result and repeating until dll Gse case scenario$ are

covered as required.

Table B.48 — Test cases for use case testing

Use Case Name

change_password

Test Case Name

Main Flow

Description User successfully changes theirgpassword
Actors User

Test Coverage Item TCOVER1

Use Case Steps Covered 1,2,3,4,5,6,7

Preconditions

User is already logged into the system

# [Step

Expected Result

1 |User clicks Change Password butten

System displays Change Password screen

rectly

2 User enters their current password cor-

Current password is masked with asterisk (*) symbols

3 |User enters their new password correctly

New password is masked with asterisk (*) symbols

4 |User re-enters theirf new password correct- |New re-entered password is masked with asterisk (*) sym-
ly bols

5 |Userclicks OK System displays message “Password changed successfully”

Table B.49 — Test cases for use case testing continued

Use Case Name change_password

Test €ase Name Alternative Flow - Existing Password Incorrect

Description User attempts to change password but enters their current password incorredtly

Actors User

Test Coverage Item TCOND2

Use Case Steps Covered 1,2,3.1,3.2,3.3,3.4,3.5

Preconditions User is already logged into the system

# |Step Expected Result

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

2 |User enters current password incorrectly |Current password is masked with asterisk (*) symbols

3 |User enters their new password correctly |New password is masked with asterisk (*) symbols
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Table B.49 (continued)

4 |User enters their new password correctly

New password is masked with asterisk (*) symbols

5 User clicks OK

System displays error message “Current password entered
incorrectly. Please try again.”

Table B.50 — Test cases for use case testing continued

Use Case Name

change_password

Test|Case Name

Alternative Flow - New Password Less Than 8 Characters

Desdription User attempts to change password but enters less than 8 characters for password
Actofs User
Test[Coverage Item TCOND3

Use (ase Steps Covered

1,2,3,41,4.2,4.3

Precpnditions

User is already logged into the system

# |Step

Expected Result

1 |User clicks Change Password button

System displays Change Passworfd screen

2 |User enters their current password cor-
rectly

Current password is masked(with asterisk (*) symbols

3 |User enters a new password that is less
than 8 characters long

New password is masked with asterisk (*) symbols

4 User clicks OK

System displaysé@n‘érror message “New password must be at
least 8 characters long. Please try again.”

Table B.51 — Test cases for usé-case testing continued

Use Case Name

change_password

TestCase Name

Alternative Flow - New Password Same as Current Password

Desdription User attempts to chiange password but enters new password matching old pass-
word

Actofs User

TestCoverage Item TCOND4

Use Case Steps Covered

1¢2,3,5.1,5.2,5.3

Precpnditions

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-

rectly

Current password is masked with asterisk (*) symbols

3  |User enters a new password that is the
same as their current password

New password is masked with asterisk (*) symbols

4 User clicks OK

System displays error message "New password must not be
the same as current password. Please try again.”

Table B.52 — 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
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Table B.52 (continued)

Test Coverage Item TCOND5

Use Case Steps Covered 1,2,3,4,6.1,6.2,6.3

Preconditions User is already logged into the system

# |Step Expected Result

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

2 User1 enters their current password cor- Current password is masked with asterisk (*) symbol§
rectly

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 asteris§k;(*) symbo
match new password entered at step 3

(%)

5 |User clicks OK System displays error message “New passwords do not
match. Please try again.”

B.2.9.3.7 Step 5: Assemble Test Sets (TD5)

Tests could be grouped according to whether they cover the typical or°alternative scenarios:
TS1: TEST CASE 1.
TS2: TEST CASES 2, 3, 4, 5.

B.2.9.3.8 Step 6: Derive Test Procedures (TD6)
Only one procedure is required as follows:
TP1: covering the test case in TS1, in the order specified in the test set.

TP2: covering the test cases in TS2i1t the order specified in the test set.

B.2.9.3.9 Use Case Testing Coverage

Using the formula for calculating scenario test coverage provided in 6.2.9 and the test coverage items

derived above:

Coverage ysecgse) = g x100%=100%

B.2.10 Random Testing

B.2.10-1 Introduction

The’aim of random testing is to derive a set of test cases that cover the input parameters of a test
using values that are selected according to a chosen input distribution. This technique require

item
S no
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input domain at random.

B.2.10.2 Specification

Consider a test item that transforms coordinates, with the following test basis:

this

The component shall transform the Cartesian coordinates (x,y) for screen position into their polar equivalent
(H) using the equations: r= sqrt (x2+y2) and cos H = x/r. The origin of the Cartesian coordinates and the
pole of the polar coordinates shall be the centre of the screen and the x-axis shall be considered the initial
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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

Outp

B.2.1
As th
|

B.2.1

/LS

- range 0..400, in increments of 1/26
H - range 0..((2*pi)-1/26), in increments of 1/26
0.3 Step 1: Identify Feature Sets (TD1)

ere is only one test item defined in the test basis, only one feature set needs to beldefined:

'S1: transform coordinates function

0.4 Step 2: Derive Test Conditions (TD2)

The test conditions in random testing are the domain of all possible inputs from which test input values
can e selected for each input parameter. They are:

TCOND1: X - range -320..+320, in increments of 1/26 (for FS1)

TCOND2: y - range -240..4+240, in increments‘of 1/27 (for FS1)
B.2.10.5 Step 3: Derive Test Coverage Items (TD3)

Then

B.2.1

Test
distn

e are no recognised test coverage items frotrandom testing.

0.6 Step 4: Derive Test Cases (TD4)

cases can now be constructed by first choosing an input distribution and then applying that input
ibution to each test condition‘and determining the expected result of each test case (shown as

‘outp
abo

ut’ for the two output parameters ‘r’ and ‘H’ in the table below). Since no information is available
the operational distribution of the input parameters to the test item in this example, a uniform

distrfibution is chosen. From the definitions we can see that in any one randomly chosen input for x can
take pne of 41,024 values: (641 x 26), while y can take one of 61,568 values (481 x 27). Care should be taken

if usi
that

Sinceé
both
with
For e

g an expected operational distribution rather than a uniform distribution. An expected distribution
gnores parts of the input domain can lead to unexpected error conditions being left untested.

each test case must include selection of a random test input value from the test conditions for
x andyneach test case will cover both test conditions. In a uniform distribution, all input values
n thedefine ranges of x and y have equal probability of being selected as inputs into the test case.

xample, the following four test cases could be defined.

Table B.53 — 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
Test Condition TCOND1 TCOND1 TCOND1 TCOND1
TCOND2 TCOND2 TCOND2 TCOND2
Output r calculated as (r= sqrt (x2+y?2)) 269.395305 78.804949 323.216025 99.522847

100
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Table B.53 (continued)

5(E)

Test Case 1 2 3 4

Output H calculated as (cos H = x/r)) 2.058024 1.430554 0.503870 3.050407

B.2.10.7 Step 5: Assemble Test Sets (TD5)

If we assume that all test cases must be executed manually and in the order that they were defined in

the test case table, then we could define one test set as follows:

TS1: Manual Testing - TEST CASES 1, 2, 3, 4.

B.2.10.8 Step 6: Derive Test Procedures (TD6)
Since there is only one test set to execute, it is sensible to define one test proceduse’as follows:

TP1: manual testing, covering all test cases in TS1, in the order specified’inthe test set.

B.2.10.9 Random Testing Coverage

As stated in 6.2.10, there is currently no industry agreed appreach for calculating coverage of
coverage items for random testing.

B.2.10.10 Automating Random Testing

Random testing may be performed either manually/or using automation. Random testing is
cost-effective when fully automated as then very many tests can be run without manual interver
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
— automatically check test outputs-against the test basis.

The automatic generation of random test input values is not difficult using a pseudo-random nu
generator as long as the test.item’s inputs are well-defined. If the test input values are produced us
pseudo-random number generator, then these values do not need to be recorded explicitly as the
set can be reproduced/{This is normally possible if a “seed” value has been used to prime the pse
random number generator and this value is recorded.

The automatic generation of expected outputs or the automatic checking of outputs, is however

test

most
tion.

mber
ing a
bame
udo-

mnore

problematic~Génerally it is not practicable to automatically generate expected outputs or automatically

check outputs'against the test basis, however for certain test items it is possible, such as where:

— trusted independently-produced software that performs the same function as the test ite
available (presumably not meeting the same constraints such asspeed of processing, implement
language, etc.);

m is
htion

— the test is concerned solely with whether the Test item Crasnes or not (S0 the expected Tes
“not to crash”);

ult is

— the nature of the test item’s output makes it relatively easy to check the result. An example of

this is a sort function where it is a simple task to automatically check that the outputs have been
sorted correctly;

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

In the example in B.2.10.2, the coordinate transformation test item can be checked automatically using
the inverse function approach. In this case, rcosH=x can be obtained directly from the test basis for
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the test item. By some analysis rsinH=y can also be deduced. If these two equations are satisfied to a
reasonable numerical tolerance then the test item has transformed the coordinates correctly.

Even when full automation of random testing is not practicable its use should still be considered as it
does not carry the large overhead of designing test cases as required by the non-random techniques.

For test items with larger input sets than this small example the “Symbolic Input Attribute
Decomposition” (SIAD) tree (Cho 1987) is a useful method for organising the input domain for random

1i hef tost desi
Sam}’\ lhg erore res case ﬂc1gh
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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 Overview

This annex provides guidance and examples on the structure-based test design techniques desci
in 5.3 and 6.3. Each example follows the Test Design and Implementation ‘Process that is defin
ISO/IEC/IEEE 29119-2. A variety of applications and programming_languages are used in f{
examples. Although each example is applied in a structure-based testing context, as stated in 5
practice most of the techniques defined in this part of ISO/IEC/IEEE 29119 can be used interchange

C.2 Structure-Based Test Design Technique Examples

C.2.1 Statement Testing

C.2.1.1 Introduction

The aim of statement testing is to derive a set of test cases that cover the statements of the test
according to a chosen level of statement ceyerage. This structural test design technique is based
the decomposition of the test item into constituent statements.

The two principal questions to consider are:
— whatis a statement?
— which statements are ‘exécutable?

In general a statement shiould be an atomic action; that is a statement should be executed completsg
not at all. For instange:

IF a FHEN' b ENDIF

is congidered as more than one statement since b may or may not be executed depending upol
condition a. The definition of statement used for statement testing need not be the one used iI
language definition.

ribed
bd in
hese
11, in
ably.

item
Lpon

ly or

n the
h the

We would expect statements which are associated with machine code to be regarded as executablg

. For

instance, we would expect all of the following to be regarded as executable:
— assignments;

— loops and selections;

— procedure and function calls;

— variable declarations with explicit initializations;

— dynamic allocation of variable storage on a heap.
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However, most other variable declarations can be regarded as non-executable. Consider the
following code:

aj;

if (b) |
c;

}

d;

Any test case with b TRUE will achieve full statement coverage. Note that full statement coverage can
be aqhieved without exercising with b FALSE.

C.2.1.2 Specification

Congjider the following test item in the Ada programming language, which is designedcto categorise
positive integers into prime and non-prime, and to give factors for those which are non-prime:

| READ (Num) ;

D WHILE NOT End of File DO

B Prime := TRUE;

[ FOR Factor := 2 TO Num DIV 2 DO

b IF Num - (Num DIV Factor)*Factor = 0 THEN
b WRITE (Factor, °~ is a factor of’, Num);
|/ Prime := FALSE;

B ENDIF;

D ENDFOR;

L O IF Prime = TRUE THEN

| 1 WRITE (Num, °~ is prime’);

L 2 ENDIF;

L 3 READ (Num) ;

14 ENDWHILE;

|5 WRITE ( End of prime number program’);

C.2.1.3 Step 1: Identify Feature Sets (TD1)
As tHere is only one test item defined in the test'basis, only one feature set needs to be defined:

FS1: Identify prime and non-prime nismbers function

C.2.1.4 Step 2: Derive Test Conditions (TD2)

Test[conditions in statement festing are the executable statements in the code. By numbering each
line ¢f code, this illustrates test condition numbers. For example, statement 1 allows definition of one
test ¢ondition:

TCOND1: READ (Num) ; Statement 1 (for FS1)

The femaining ¢est conditions can be defined without repeating the source code each test condition
relates to:

TCOND?2: Statement 2 (for FS1)
TECOND3: Statenrentt3 {for FStj
TCOND4: Statement 4 (for FS1)
TCOND5: Statement 5 (for FS1)
TCONDG6: Statement 6 (for FS1)
TCOND7: Statement 7 (for FS1)
TCONDS: Statement 10 (for FS1)
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TCONDO:
TCOND10:
TCOND11:

Statement 11
Statement 13

Statement 15

(for FS1)
(for FS1)
(for FS1)

C.2.1.5 Step 3: Derive Test Coverage Items (TD3)

ISO/IEC/IEEE 29119-4:2015(E)

The test coverage items in statement testing are the same as the test conditions:

TCOVERT1:
TCOVERZ:
TCOVER3

TCOVERA4:
TCOVERS:
TCOVER®6:
TCOVER?7:
TCOVERS:
TCOVERO:

TCOVER10:
TCOVER11:

C.2.1.6 Step 4: Derive Test Cases (TD4)

In statement testing, each statement'must be covered by at least one test case. Test cases are de

Statement 1
Statement 2
Statement 3
Statement 4
Statement 5
Statement 6
Statement 7
Statement 10
Statement 11
Statement 13

Statement 15

(for TCOND1)
(for TCOND2)
(for TCOND3)
(for TCOND4)
(for TCONDS5)
(for TCONDG®6)
(for TCOND7)
(for TCONDS)
(for TCANDY)

(fo’FCOND13)

(for TCOND11)

rived

by first identifying sub-paths in'the control flow graph that execute one or more executable statements

that have not yet been coveréd)by a test case. The inputs to execute the sub-path are then ident

fied,

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 fode,
because the iteration in-the code that allows it to be covered by just two input values (i.e. to achieve
100% statement coverage).
Table C.1 — Test cases for statement testing
Test Case Input Expected Result Test Coverage Items
1 2 2 is prime 1,2,3,4,9,10,11,12,13,14
4 2 is a factor of 4 2,3,4,5,6,7,8,9,10,12,13, 14
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, as
there is an iteration included in the code.
C.2.1.7 Step 5: Assemble Test Sets (TD5)
Since there is only one test case, it can be placed in the one test set as follows:
TS1: TEST CASE 1.
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C.2.1.8 Step 6: Derive Test Procedures (TD6)

Only

one procedure is required as follows:

TP1: covering the test case in TS1.

C.2.1.9 Statement Testing Coverage

Usingtheformlaprevidedin6-3tandthe testcoverage temsderivedabeve
. 11
Goverage siatement) = Rl x100%=100%
Thug, 100% coverage of test coverage items for statement testing has been achieved.
C.2.2 Branch / Decision Testing
C.2.2.1 Introduction
Branich and Decision Coverage are closely related. For test items with onedentry point 100% Branch

Cove
same

C.2.2

]

)
The ¢

}
C.2.2

rage is equivalent to 100% Decision Coverage, although lower levels,0of ‘coverage may not be the
. Both levels of coverage will be illustrated with one example.

.2 Specification

'he component shall determine the position of a word in a table of words ordered alphabetically. Apart
rom the word and table, the component shall also be passed the number of words in the table to be
earched. The component shall return the position of‘the word in the table (starting at zero) if it is
ound, otherwise it shall return “-1”.

orresponding code is drawn from (Kernighap-and Richie 1998). The three decisions are highlighted:

ht binsearch
int cond;
int low,
low 0;
high n - 1;
while (low <= high) {
mid (low+high) / €
if ((cond strcmp (word, tab[mid].word))
high mid - (1;
else 1f (cond(>,0)
low mid 4~"1;
else
retupf\mid;

(char *word, struct key tab[], int n)

{
high, mid;

< 0)

}

return <bs

.3 _ Step 1: Identify Feature Sets (TD1)

As th

ere'is only one test item defined in the test basis, only one feature set needs to be defined:

FS1: binsearch function

C.2.2.4 Step 2: Derive Test Conditions (TD2)

C.2.2.4.1 Options for Derivation of Test Conditions

The identification of test conditions 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 for a procedure is
to divide it into basic blocks. These are sequences of instructions with no branches into the block (except

106
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to the beginning) and no branches out of the block (except at the end). 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 tabl[], int n) {

int cond;

int low, high, mid;
Bl low = 0;

high = n - 1;
B2 while (low <= high) {
B3 mid = (lowshigh)

if ((cond = strcmp(word, tab[mid].word)) < 0)
B4 high = mid - 1;
BS else 1if (cond > 0)
B6 low = mid + 1;
B7 else
return mid;

B8 )
B9 return -1;

}
A control flow graph may be constructed by making each basic block a node ahd-drawing an arc for

possible transfer of control from one basic block to another. These are the possible transfers of cor
B1 — B2 B3 —» B4 B5 —» B6 B6 — B8

B2 - B3 B3 - B5 B5 - B7 B8 — B2

B2 - B9 B4 — B8

This results in the graph presented in figure C.1. The graph has one entry point, B1, and twag

points, B7 and BO.
@ B2 B3 }@
ollo=©o

Figure C.1 — Control flow graph for binsearch

Of coursefthe above control flow graph would not necessarily be constructed by hand, but a tool w
normahy(be used to show which decisions/branches have been executed.

each
trol:

exit

rould

The-test conditions for branch coverage will be different from those for decision coverage. This is

demonstrated under steps 2a and 2b below.

C.2.2.4.2 Option 2a: Derive Test Conditions for Branch Coverage (TD2)

For branch coverage, the test conditions (BRANCH-TCOND) are the branches (arcs) that are represented

by arrows in the control flow graph. There are ten in total, as follows:

BRANCH-TCOND1: B1 - B2 (for FS1)
BRANCH-TCOND?2: B2 - B3 (for FS1)
BRANCH-TCOND3: B2 - B9 (for FS1)
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BRANCH-TCONDA4: B3 — B4 (for FS1)
BRANCH-TCOND5: B3 - B5 (for FS1)
BRANCH-TCONDG6: B4 — B8 (for FS1)
BRANCH-TCOND?7: B5 - B6 (for FS1)
RANCH-TCONDS: B5—B7 tfor 54
BRANCH-TCONDO: B6 — B8 (for FS1)
BRANCH-TCOND10: B8 — B2 (for FS1)
C.2.2.4.3 Option 2b: Derive Test Conditions for Decision Coverage (TD2)
For decision coverage, the test conditions (DECISION-TCOND) are the decisions represented as nodes in
the cpntrol flow graph that have more than one exit arrow. In this example, there arethvée test conditions:
DECISION-TCOND1: B2 (for FS1)
DECISION-TCOND?2: B3 (for FS1)
DECISION-TCOND3: B5 (for FS1)
C.2.2.5 Step 3: Derive Test Coverage Items (TD3)

C.2.2
The

.5.1 Options for Derivation of Test Coverage Iteis

est coverage items for branch coverage will be*different from those for decision coverage. This is

dem¢nstrated under steps 3a and 3b below.

C.2.2

.5.2 Option 3a: Derive Test Coverage Items for Branch Coverage (TD3)

For branch coverage, the test coverageitems are the branches in the control flow graph, which
are the same as the test condition§. In this example there are ten test coverage items for branch
covefage, as follows:

BRANCH-TCOVERT1: B1 — B2 (for BRANCH-TCOND1)

BRANCH-TCOVER2: B2 — B3 (for BRANCH-TCOND?2)

BRANCH-TCOVERS: B2 - B9 (for BRANCH-TCOND3)

BRANCH-TCOVERA4: B3 — B4 (for BRANCH-TCOND4)

BRANCH-TCOVERS: B3 = B5 (for BRANCH-TCONDS5)

BRANCH-TCOVER®6: B4 — B8 (for BRANCH-TCOND®6)

BRANCH-TCOVER7: B5 - B6 (for BRANCH-TCOND7)

BRANCH-TCOVERS: B5 — B7 (for BRANCH-TCONDS)

BRANCH-TCOVER9: B6 — B8 (for BRANCH-TCOND?9)

BRANCH-TCOVER10: B8 — B2 (for BRANCH-TCOND10)
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C.2.2.5.3 Option 3b: Derive Test Coverage Items for Decision Coverage (TD3)

5(E)

For decision coverage, the outcomes (i.e. true, false) of each decision are the test coverage items. In this
example, each decision has two outcomes corresponding to the true and false values of the decisions;

therefore there are six test coverage items, as follows:

DECISION-TCOVERTI: B2 =true (for DECISION-TCOND1)
DECISION-TCQVER?2: B2 = false (for DECISION-TCOND1)
DECISION-TCOVER3: B3 =true (for DECISION-TCOND?2)
DECISION-TCOVER4: B3 = false (for DECISION-TCOND?2)
DECISION-TCOVERS: B5 = true (for DECISION-TCOND3)
DECISION-TCOVERG®: B5 = false (for DECISION-TCOND3)

Itis generally possible for a decision to have more than two outcomes, whichwould increase the nu
of test coverage items that need to be derived.

C.2.2.6 Step 4: Derive Test Cases (TD4)

Test cases for branch testing are derived by identifying control\flow sub-paths that reach one or
branches (test coverage items) that have not yet been executed during testing, determining inputg
exercise those sub-paths, determining the expected resultof each test, and repeating until the reqi
level of test coverage is achieved. Similarly, test caseS for decision testing are derived by identi

mber

more
that
hired

ying

control flow sub-paths that reach one or more decision that has not been exercised and determininjg the

inputs and expected outputs for each test. For both’branch coverage and decision coverage, any indiv|
test of the test item will exercise a sub-path andliénce potentially many decisions and branches.

Consider a test case which executes the sub-path B1 -> B2 -> B9. This case arises when n=0, th|
when the table being searched has no entries. This sub-path executes one decision (B2 -> B9) and h
provides 1/6 = 16.7% coverage. The path executes 2 out of the 10 branches, giving 20% coverage (1
is not the same as the coverage for detisions).

Consider now a test case which gxecutes 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,

idual

at is,
ence
rhich

then

the second half of that (i.e., 2nd quarter) and then finds the entry. Note that the two test cases prgvide

100% decision and branch coverage.

These test-.cases are shown below:

Table C.2 — Test cases for binsearch

Test Inputs Decisions Exercised Test Coverage Items Expedted
Case——Word Tab 2t fundertinedy Restilt
1 chas Alf 7 |B1->B2->B3—->B4->B8~— BRANCH-TCOVER 2
Bert B2—-B3->B5—-B6—>B8— 1,2,4,5,6,7,8,9,10 and
B2~ B3~ B5~B7 DECISION-TCOVER 1,3, 4, 5, 6
Chas
Dick
Eddy
Fred
Geoff
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Table C.2 (continued)

Test Inputs Decisions Exercised Test Coverage Items Expected
Case | Word Tab n (underlined) Result
2 chas | ‘empty 0 B1 - B2 — B9 BRANCH-TCOVER 1, 3 and -1
table DECISION-TCOVER 2

Bra

C.2.2.7 Step 5: Assemble Test Sets (TD5)
Sinc¢ there are only two test cases required, we may choose to combine them into the one test-set.

TS1: TEST CASES 1 and 2.

C.2.2.8 Step 6: Derive Test Procedures (TD6)
Again, since there are only two test cases and one test set, we may choose to define.only one test procedure.

TP1: covering all test cases in TS1, in the order specified in the test set:

C.2.4.9 Branch Testing Coverage

Using the formula provided in 6.3.2 and the test coverage items derived above:
. 10
Goverage pranch) = To x100%=100%

Thug, 100% coverage of test coverage items for bran¢h testing has been achieved.

C.2.2.10 Decision Testing Coverage

Using the formula provided in 6.3.3 and the tést coverage items derived above:
. 6
(overagegecision) = > 100%=100%

Thug, 100% coverage of test eoverage items for decision testing has been achieved.

C.2.3 Branch Condition Testing, Branch Condition Combination Testing and Modified
Congition DecisionCoverage (MCDC) Testing

C.2.3.1 Introduction

Branich Cofdition Testing, Branch Condition Combination Testing, and Modified Condition Decision
Covefrage 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 Ievel of coverage. For convenience, these test case design and test
coverage measurement approaches are demonstrated using one example.

C.2.3.2 Specification

Consider the following fragment of code:

if A or (B and C) then
do_something;
else
do something else;
end if;
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