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Foreword

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

|

JTECJTC 1.

The procedures used to develop this document and those intended for its further mainter
d¢scribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria ng
the different types of document should be noted. This document was drafted in @accCordance
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be th
off patent rights. ISO and IEC shall not be held responsible for identifying any or all sud
rights. Details of any patent rights identified during the development 0f the document will

I

A
Cq

F(
as
B

Tl
ar

IS
Ef

Tl

troduction and/or on the ISO list of patent declarations received (see Www.iso.org/patents),

y trade name used in this document is information given for'thé convenience of users and
nstitute an endorsement.

r an explanation on the meaning of ISO specific tefms and expressions related to cg
sessment, as well as information about ISO’s adkerence to the WTO principles in the
irriers to Trade (TBT) see the following URL: Foreword - Supplementary information

le committee responsible for this document isMSO/IEC JTC 1, Information technology, SC 7,
d Systems Engineering.

hgineering — Software Testing:
Part 1: Concepts and definitions
Part 2: Test processes
Part 3: Test documentation
Part 4: Test techniques
he following parts are under preparation:
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0/IEC/IEEE 29119 consists of the following standards, under the general title Software andl Systems

©
©

ISO/IEC 2015 - All rights reserved
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://iecnorm.com/api/?name=52b6a481b88b3e829dd352730b4a4ec6

ISO/IEC

JIEEE 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 within the test design and implementation process that is defined in ISO/IEC/IEEE 29119-2. This
part 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
series of techniques that have wide acceptance in the software testing industry.

The test
cases thad
defects a
used to d

NOTE

EXAMPLE
specificat

Each tec
IEEE 291

Of the ad
following

— Deriy
— Deriy
— Deriy

Atest cor
or struct

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

1 “Test items” include systems, software items, objects, classes, requirements documents, desi
ons, and user guides.

hnique follows the test design and implementation process that is defined in ISO/IE
19-2 and shown in Figure 1.

activities in detail for each technique that is describeds
e Test Conditions (TD2);

e Test Coverage Items (TD3);
e Test Cases (TD4).

with stakeholders which attributes are to bé tested or by applying one or more test design techniques.

EXAMPLH 2 Ifatest completion criterjorrfor state transition testing was identified that required coverage
all states then the test conditions could be the states the test item can be in. Other examples of test conditions a

equivalen

Test covd

ce classes and boundaries’between them.

test condfition may be the basis for one or more test coverage items.

EXAMPLH3 Ifaspecificboundary is identified as a test condition, then the corresponding test coverage items

could be t

A test ca
develope

he boundary-itself and immediately either side of the boundary.

1 to determine whether or not the covered part of the test item has been implemented correct

e present in a test item (i.e. that requirements have not been met). Risk-based testing-could be
etermine the set of techniques that are applicable in specific situations (risk-based ‘testing|i
covered in ISO/IEC/IEEE 29119-1 and ISO/IEC/IEEE 29119-2).

tivities in this process, ISO/IEC/IEEE 29119-4 providesguidance on how to implement the

dition is a testable aspect of a test item, such as a function, transaction, feature, quality attribute,
liral element identified as a basis for;testing. This determination can be achieved by agreeing

rage items are atteributes of each test condition that can be covered during testing. A single

be is,asset of preconditions, inputs (including actions, where applicable), and expected resulfs,

Ire

y.

Specific (normative) guidance on how to implement the other activities in the test design &
implementation process of ISO/IEC/IEEE 29119-2, including activities TD1 (Identify Feature Sets), TD5
(Assemble Test Sets), and TD6 (Derive Test Procedures), is not included in Clauses 5 or 6 of this part of

1SO/IEC/

vi

[EEE 29119 because the process is the same for all techniques.
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Test Design &
Implementation Process

Test Design
it Specification
Identify GLLR e; b
._> Feature ——
Sets ; H
(TD1)
Derive Test | Test Conditions
Conditions Test Case
(TD2) ‘ Test @ Specification
Derive Coverage Items
Test —
Coverage ﬁ
Items H
(TD3) .
Derive Test Cases
Test Cases ﬁ Test Procedufre
(TD4) @ Specification
Test L —
Assemble Sets
Test Sets ﬁ
(TDb5) H
) Test Procedyres
Derive Test [ ¢ 105t Scripts
Inputs to activities in this process Procedures "
?lay;:::l;)zzs, The process is shown as‘purely (TD6)

Test plan i sequential, but in practice it may be
Test gtra;‘e . carried out iterativély, with some
Testi tems:g&yr’l d activities beifg revisited.
Test design techniques. See ISO/IEC/IEEE.29119-2 for detalils.
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Figure 1 — ISO/IEC/IEEE 29119-2 Test Design and Implementation Process

0/IEC/TR 19759 (SWEBOK) definestwo types of requirements: functional requirements and quality
quirements. ISO/IEC 25010 defines eight quality characteristics (including functionality) thiat can be
ed to identify types of testing that may be applicable for testing a specific test item. Annex A|provides
ample mappings of test.d€sign techniques that apply to testing quality characteristics defined in
0/1EC 25010.

kperience-based testing practices like exploratory testing and other test practices such as model-based
sting are not defined in this part of ISO/IEC/IEEE 29119 because this part of ISO/IEC/IEEE 29119 only
scribes techniques for designing test cases. Test practices such as exploratory testing are described
ISO/IEC/IEEE29119-1.

mplatessand examples of test documentation that are produced during the testing process are defined

d
)

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

ISO/IEC/IEEE 29119-3 Test Documentation. The test techniques in this part of ISO/IEC/IEEE 29119
iatrdescribe how test cases should be documented (e.g. they do not include information orjguidance
o . . . o D . —ohditions).

)

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.
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Software and systems engineering — Software testing —

Part 4:
Test techniques
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and implementation process that is defined in ISO/IEC/IEEE 29119-2.

Full conformance is achieved by, demonstrating that all of the requirements (i.e. ‘shall’ statemer

Scope
nis part of ISO/IEC/IEEE 29119 defines test design techniques that can be used duringithe te

nis part of ISO/IEC/IEEE 29119 is intended for, but not limited to, testers, test manaj
velopers, particularly those responsible for managing and implementing software testing.

Conformance

1 Intended Usage

1e normative requirements in this part of ISO/IEC/IEEE-29119 are contained in Clauses
is recognised that particular projects or organizations may not need to use all of the tg
fined by this standard. Therefore, implementation of this standard typically involves
set of techniques suitable for the project or organization. There are two ways that an org
individual can claim conformance to the prawisions of this standard - full conformance o}
nformance. The organization or individualishall assert whether full or tailored conforman
andard is claimed.

2 Full Conformance

osen (non-empty) set of techniques in Clause 5 and/or the corresponding test coverage mea
proaches in Clause 6 have\béen satisfied.

{AMPLE An organization could choose to conform only to one technique, such as boundary valu

this scenario, the organization would only be required to provide evidence that they have met the req
that one technique.in order to claim conformance to this part of ISO/IEC/IEEE 29119.

3 Tailored Conformance

ilored-¢onformance is achieved by demonstrating that the chosen subset of requirements

st design

rers, and

15 and 6.
chniques
selecting
hnization
" tailored
ce to this

Its) of the
burement

b analysis.
lirements

from the

osen-(non-empty) set of techniques and/or corresponding test coverage measurement a

hj

roaches

jve been satisfied. Where tailoring occurs, justification shall be provided (either direcfly or by

reference) whenever the normative requirements of a technique defined in Clause 5 or measure
defined in Clause 6 are not followed completely. All tailoring decisions shall be recorded with their
rationale, including the consideration of any applicable risks. Tailoring shall be agreed by the relevant

st

3

akeholders.

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.
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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

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

of

4 TerJns and Definitions

For the [
following

NOTE

mandator]
the under]
of this pa
terms. Th|
defined in

41
Backus-I

formal mleta-language used for defining the syntax of a languageiin a textual format

4.2
base cha
see base

4.3

base val
input pa
represen

4.4
c-use
see comp

4.5
computd
use of thq

4.6
conditio
Boolean

urposes of this document, the terms and definitions given in ISO/IEC/IEEE 24765-and tl
apply.

Use of the terminology in this part of ISO/IEC/IEEE 29119 is for ease of réference and is n

standing and readability of this part of ISO/IEC/IEEE 29119. Only terms criticalto the understandi
t of ISO/IEC/IEEE 29119 are included. This clause is not intended to provideda complete list of testi
e systems and software engineering vocabulary ISO/IEC/IEEE 24765 can*be referenced for terms n
this clause.

Naur Form

ice
value

1e
rameter value used in ‘base choige'testing’ that is normally selected based on being
fative or typical value for the parameter. Also called base choice

utation data use

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

h
bxpriession containing no Boolean operators

e

ot

y for conformance with the standard. The following terms and definitions are pravided to assist with

ng
ng
ot

EXAMPL

A R’ adition ot A S d DY 2o 0 ot
X D15 a tomarcrorroatc 1 antr D15 1ot

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
data definition

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

3
ta use
ecutable statement where the value of a variable is accessed

O Qb

4
cision outcome
sult of a decision (which therefore determines the control flow alterndtive taken)

5

cision rule
mbination of conditions (also known as causes) and actions (also known as effects) that groduce a
ecific outcome in decision table testing and cause-effect.graphing

=R -

v oo

6

finition-use pair
ta definition and subsequent predicate or computational data use, where the data use uses the value
fined in the data definition

7

finition-use path
ntrol flow sub-path from a variable-definition to a predicate-use (p-use) or computational-ufe (c-use)
that variable

C Qb Qb

8
try point
int in a test item at which execution of the test item can begin

te 1 to entry: An-entry point is an executable statement within a test item that may be selected by ah external
ocess as the starting point for one or more paths through the test item. It is most commonly the first gxecutable
sthtement within the test item.

T Z T 0

4119

executable statement
sttement which, when compiled, is translated into object code, which will be executed progedurally
whertrthetestitenTis Tunmngand-may performramractiomr o progranrdata

4.20
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
logical expression which evaluates to TRUE or FALSE, normally to direct the execution path in codé

e
is

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
© IEEE 2015 - All rights reserved


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

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

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
is not exhaustive. There are techniques that are used by testing practitioners or researchers that 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
(clause 5.2.1)

Statement Testing
(clause 5.3.1)

Error Guessing
(clause 5.4.1)

Classification Tree Method
(clause 5.2.2)

Branch Testing
(clause 5.3.2)

Boundary Value Analysis
(clause 5.2.3)

Decision Testing
(clause 5.3.3)

Syntax Testing
(clause 5.2.4)

Branch Condition Testing
(clause 5.3.4)

Combinatorial Branch Condition
Test Design Techniques = Combination Testing
(clause 5.2.5) (clause 5.3.5)

Modified Condition Decision
= Coverage Testing
(clause 5.3.6)

All Combinations Testing
(clause 5.2.5.3)

Pair-Wise Testing
(clause 5.2.5.4)

Data Flow Testing
(clatise 5.3.7)

Each Choice Testing
(clause 5.2.5.5)

All-Definitions Testing
(clause 5.3.7.2)

Base Choice Testing
(clause 5.2.5.6)

All-C-Uses Testing
(clause 5.3.7.3)

Decision Table Testing
(clause 5.2.6)

Cause-Effect Graphing
(clause 5.2.7)

State Transition Testing
(clause’5.2.8)

All-P-Uses Testing

(clause 5.3.7.4)

All-Uses Testing

(clause 5.3.7.5)

All-DU-Paths Testing

(clause 5.3.7.6)

Scenario Testing
(clause 5.2.9)

Random Testing
(clause 5.2.10)

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 text.

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

Irf the test case design step (TD4) of each technique, test cases that are created may bec“valid”|(i.e. they
cqntain input values that the test item should accept as correct) or “invalid” (i.e. théy contaip at least
onje input value that the test item should reject as incorrect, ideally with an appropridte error message).
In| some techniques, such as equivalence partitioning and boundary value analysis, invalid test cases
arje 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 fising the
“hinimized” approach, as this reduces the number of test cases requiréd to cover valid test|coverage
items (see 5.2.1.3 and 5.2.3.3).

NQTE 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 clduse (as if
they were mutually exclusive), in practice they could be applied in a blended way.

EXAMPLE 3  Boundary value analysis could be used to&elect test input values, after which pair-wise testing
cduld be used to design test cases from the test input.%alues. Equivalence partitioning could be used to select
thle classifications and classes for the classification tree method and then each choice testing could e used to
cdnstruct test cases from the classes.

The techniques presented in ISO/IEC/IEEEC29119-4 could also be used in conjunction witl the test
tylpes that are presented in Annex A. For-example, equivalence partitioning could be used t¢ identify
uger groups (test conditions) and representative users (test coverage items) from those groups in test
cdses that are to be tested during usability testing.

The normative definitions of.the techniques are provided in Clause 5. The corresponding normative
cqverage measures for each\technique are presented in Clause 6. This is supported by inragrmative
ejamples of each technique in Annexes B, C, D and E. Although the examples of each technique
d¢monstrate manual application of the technique, in practice, automation can be used to supgort some
tylpes of test design-and execution (e.g. statement coverage analyzers can be used to support sfructure-
based testing). Afinex A provides examples of how the test design techniques defined in this [standard
cdn 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

5.2.1.1 Derive Test Conditions (TD2)

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.

NOTE 2 Invalid output equivalence partitions typically correspond to any outputs that have not been
explicitly fspecified. As these are not specified their identification often results in equivalence partitions basgd
on the supjectivity of the individual tester. This subjective form of test design may also occur when applyihg
experience-based techniques like error guessing.

NOTE 3 | Domain analysis (Beizer 1995) is often classified as a combination of equivalence pastitioning and
boundary|value analysis.

5.2.1.2 [Derive Test Coverage Items (TD3)

Each equlivalence partition shall be identified as a test coverage item (i.e. for eqtivalence partitioning
the test gonditions and test coverage items are the same equivalence partitions).

5.2.1.3 |Derive Test Cases (TD4)

Test casgs shall be derived to exercise the test coverage items, (€. the equivalence partitions). The
following steps shall be used during test case derivation:

a) Decigle on an approach for selecting combinations ofytest coverage items to be exercised by test
case$, where two common approaches are (BS 7925:2:1998; Myers 1979):

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

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

NOTH Other approaches to selectifig combinations of test coverage items to be exercised by test casges
are dpscribed in 5.2.5 (Combinatorial.Test Design Techniques).

b) Seleqt test coverage item(s) for'inclusion in the current test case based on the approach chosen fin
step p);

c) Identify input values-te.éxercise the test coverage items to be covered by the test case and arbitraty
valid values for any other input variables required by the test case;

d) Detefmine theéxpected result of the test case by applying the input(s) to the test basis;

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

5.2.2 (lassification 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
technique was applied. In addition, the classification tree method also includes the design of a classification tree,
which provides a visual representation of the test conditions.

5{2.2.2 Derive Test Coverage Items (TD3)

Tgst 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 theZminimum 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{thdt each possible combjination of
classes is covered by at least one test coverage item.

NPTE1 Other approaches to selecting combinations of test\coverage items are described| in 5.2.5
(Combinatorial Test Design Techniques).

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

NOTE 3  The original publication of the classification-tr'ee method (Grochtmann and Grimm 1993) used the
tefms “minimal” and “maximal” instead of “minimized”and “maximized”.

52.2.3 Derive Test Cases (TD4)

Tgst cases shall be derived to exercise the test coverage items. The following steps shall be|followed
dyiring test case derivation:

a)l] Based on the combinations_eficlasses created in step TD3, select one combination for in¢lusion in
the current test case thathas not already been covered by a test case;

b) Identify input valuesfor-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] Repeat steps.a) to c) until the required level of test coverage is achieved.
52.3 Beunhdary Value Analysis

5{2.3,1 Derive Test Conditions (TD2)

Boundary value analysis (BS 7925-2:1998; Myers 1979) uses a model of the test item that partitions
the inputs and outputs of the test item into a number of ordered sets and subsets (partitions and sub-
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
condition) corresponding to values on the boundary and an incremental distance outside the boundary

of the eq
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duplicated values once. For an example of duplicate boundaties, see B.2.3.4.3.

ta type under consideration.

-value boundary testing, three test coverage items shall be derived for each boundary (te
) corresponding to values on the boundary and an incremental distance each side of tl

of the equivalence partition. This incremental distance shall be defined as‘-the smalle
t value for the data type under consideration.

Some partitions could have only a single boundary identified in the test basis. For example, t
partition “age 2 70 years” has a lower boundary but not an obvious upper bouridary. In some cases
value imposed by the actual implementation can be used as a boundary value,’such as the largest val
epted by the input field (such decisions should be documented; for example, in the Test Specificati
ation).

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

In both two- and three-value boundary value testing, centiguous partitions (partitions that share
will result in duplicate test coverage items, in which ¢ase it is typical practice to only exercise the

Derive Test Cases (TD4)

s shall be derived to exercise the test coverage items. The following steps shall be used duril
derivation:

le on an approach for selecting combinations of test coverage items to be exercised by t¢g
5, where two common appreaches are (BS 7925-2:1998; Myers 1979):

5.2.3.3
Test case)
test case
a) Deci
case
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NOTE 1 In midimized boundary value analysis, each test case can cover multiple test coverage items.

NOTHE 2 ~Other approaches to selecting combinations of test coverage items to be exercised by test cas
are dpscribed in 5.2.5 (Combinatorial Test Design Techniques).

ne-to-one, in whicheach test case is derived to exercise a specific boundary value;

inimized, in which boundary values are included in test cases such that the minimum numb
f test cases are-derived to cover all boundary values at least once.
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b) Select test coverage item(s) for inclusion in the current test case based on the approach chosen in

step

a);

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.
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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 defines
the format of an input parameter in terms of “sequences of”, “iterations of”, or “selections between”
elements in the syntax. The syntax may be represented in a textual or diagrammatic format. 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 g test item
infa textual format.

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

522.4.2 Derive Test Coverage Items (TD3)

I syntax testing the test coverage items are derived based on two goals: positive testing, in which test
cqverage items are derived to cover the valid syntax in various ways, arnd negative testing,|in which
teist coverage items are derived to deliberately violate the rules of¢he”syntax. Test coverdge items
for positive testing shall be “options” of the defined syntax, whergas test coverage items for| negative
testing shall be “mutations” of the defined syntax.

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

—  whenever selection is mandated by the syntax, an/‘option” is derived for each alternative [provided
for that selection;

EXAMPLE1 For the input parameter “colour =«Blue | Red | Green” (where | represents the “OR/" Boolean
opfjerator), three options “Blue”, “Red” and “Green” will be derived as test coverage items.

— whenever an iteration is mandated bythe syntax, at least two “options” are derived for the jteration;
one with the minimum number ofrépetitions and the other with more than the minimuny number
of repetitions;

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

—  whenever iteration is mandated with a maximum number of repetitions, at least two “optflions” are
derived for the iteration; one with the maximum number of repetitions and the other with more
than the maximum number of repetitions.

EXAMPLE 3 . For'the input parameter “letter = [A - Z | a - z]100” (where “100” represents the fact thiat a letter
cdn be chosen-up to 100 times), two options “100 letters” and “more than 100 letters” will be derivied as test
cdverage items.

The following guideline may be used to derive “mutations” (although alternative guidelinep may be
used'where appropriate):

— 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 introduce an
invalid value for the parameter as the test coverage item, such as selecting the value “Yellow”, which does not
appear in the input parameter list. Other example mutations are provided in B.2.4.5.
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5.2.4.3 Derive Test Cases (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:

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

2) rlninimized, in which options, iterations and/or mutations are included in test cases such¢hiat
the minimum number of test cases are derived to cover all options, iterations and/or mutations
3t least once.

NOTH Other approaches to selecting combinations of test coverage items to be exercised'by test cases
are dpscribed in 5.2.5 (Combinatorial Test Design Techniques).

b) Seleqt 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 ampd
arbitirary valid values for any other input variables required by the test case;

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

e) Repdat steps b) to d) until all derived options, iterations and /erdnutations are exercised.
5.2.5 (ombinatorial Test Design Techniques

5.2.5.1 | Overview

Combinatorial test design techniques are used to.systematically derive a meaningful and managealjle
subset of test cases that cover the test conditions and test coverage items that are derivable during
testing. The combinations of interest are defined in terms of test item parameters and the valups
these parameters can take. Where numerous parameters (each with numerous discrete values) mulst
interact, [this technique enables a significant reduction in the number of test cases required without
compronjising functional coverage.

5.2.5.2 [Derive Test Conditions{TD2)

The test |tem parametersrepresent particular aspects of the test item that are relevant to the testing,
and ofter] correspond to(the input parameters to the test item, but other aspects may also be used.

EXAMPLH1 In configuration testing, the parameters could be various environment factors, such as operatipg
system and browsert:

Each tesf iteth parameter can take on various values. For use in this technique the set of values neegs
to be finite'dnd manageable. Some test item parameters may be naturally constrained to only take o1l a
small set of possible values white other testitem parameters may be far tess constrained.

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

EXAMPLE 3 A test item parameter that is far less constrained is a parameter consisting of any Real number,
which exists along a potentially infinite number line.

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),

re

sulting 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 members of

n the set.
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2.5.3.2 Derive Test Cases (TD4)

2.5.4 Pair-wise Testing

2.5.4.1 Derive Test Coverage Items (TD3)

possible combinations of the parameters (as was required for all combinations testing), this
vers all possible pairs of the selected values within the total set, thereby efficiently exercisinlg the test

i2.5.4.2 Derive Test Cases (TD4)

ot oll 3 I 43 £D ] H ot ot L ’S HP Ladad o+l ’'s
C otliL Ul dIll uuu.iuc CUITIUIIIAUIUITIS UT I \4 Pall o, outlll tiidtl CAdtIll lJal dAdITICLUT 15 TTICIdutUu At ICAdS L UTILUT

st cases shall be derived in which each test case exercises one unique combination of P-V g
[lowing steps shall be used during test case derivation:

by a test case;
Determine the expected result of the test case by applying the input(s) to the test basis;
Repeat steps a) and b) until the required level of test coverageis achieved.

DTE The minimum number of test cases required to acliieve 100% all combinations testing
rresponds to the product of the number of P-V pairs for each¢testitem parameter.

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

em with fewer test cases. Pair-wise testing is also known as “all pairs” testing.

hving first identified-the P-V pairs, test cases shall be derived to exercise pairs of P-V pairs, w
st case exercises.one or more unique pairs. The following steps shall be used during test case d

Select test-coverage item(s) for inclusion in the current test case, where each pair of P-V paij
a differefit pair of parameter values that have not yet been included in a test case;

Identify arbitrary valid values for any other parameters present in the test case;

airs. The

Select test coverage item(s) for inclusion in the current test case that have ot already beem covered

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

d)

Repeat steps a) to ¢) until all unique pairs of P-V pairs have been 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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Each Choice Testing

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.

5.2.5.5.2
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Derive Test Cases (TD4)

not
ation:

t test coverage item(s) for inclusion in the current test case, where at least one selected te
rage item has not been included in a prior test case;

ify arbitrary valid values for any other parameters present in the test case;
Fmine the expected result of the test case by applying the input(s) to thetest basis;

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

h number of values any one of the test item parameters can take.
Base Choice Testing

Derive Test Coverage Items (TD3)

hoice testing (Grindal, Offutt and Andler 2005), the test coverage items shall be sets of P

pbarameter is set to one of its other validwalues.
There are anumber of approaches for€hoosing the base values for each parameter. For example, they c

from the operational profile, fromthe typical path in scenario testing, from the test coverage items th
d during equivalence partitioning'et from the default (most frequently used) values for the parameter.

Derive Test Cases (TD4)

erived by setting-all but one parameter to its base choice and then setting the final paramet
value until the required level of test coverage of PV-pairs is achieved. The following steps sh:
uring testgase derivation:

Fe thedbase-choice test case by setting each parameter to its “base” value;

fe‘d new test case by setting one parameter to a valid (non-base choice) value while keepij

pach of the input parameters, where all parameters except one are set to their “base” value and

e
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maining set of parameters to theirbase choice values;

c) Determine the expected result of the new test case by 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 Boolean 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 expréssed as a
Boolean;

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

NOTE If conditions consist of multiple values rather than simple Booleans; this results in an [‘extended
erftry” 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 defines' the relationship between A unique
cqmbination of the test item’s conditions and actions, is a testcoverage item.

5)2.6.3 Derive Test Cases (TD4)

Tgst cases shall be derived to exercise the decision rules (test coverage items), where each |test case
d¢fines the relationship between the inputs and'outputs, and each decision rule corresponds td a unique
cqmbination of Boolean conditions. The follpwing steps shall be used during test case derivatipn:

a)| Select test coverage item(s) from the 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 covere¢d by the
test case and arbitrary valid vzalues for any other input variables required to execute the test case;

c)] Determine the expected.résult of the test case by applying the input(s) to the decision table;
d] Repeat steps a) to,c) until the required level of test coverage is achieved.
NOTE If the decision table contains dependent input conditions then this could result in |infeasible

cdmbinations (e,g.\“age less than 18” and “age greater than 65” both set to true). In this situation such(infeasible
dgcision rules should be identified and documented and are not used to derive test cases.

522.7 <Cause-Effect Graphing

52.771 Derive Test Conditions (TD2)

Cause-effect graphing (BS 7925-2:1998, Myers 1979, Nursimulu and Probert 1995) uses a model of the
logical relationships (decision rules) between causes (e.g. inputs) and effects (e.g. outputs) for the test
item in the form of a cause-effect graph, where:

— each 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 table may be
produced from the cause-effect graph and used to derive the test cases. The following steps shall be
used dur]ng test case derivation:

a) Seledt 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
arbitirary valid values for any other input variables required to execute thé test case;

c) Detefmine the expected result of the test case by applying the inplt(s) to the cause-effect graph
and/pr decision table;

d) Repdat steps a) to c) until the required level of test coverageisachieved.
5.2.8 Ytate Transition Testing

5.2.8.1 |Derive Test Conditions (TD2)

State trapsition testing (BS 7925-2:1998, Copeland-2004) uses a model of the states the test item may
occupy, the transitions between states, the eyents which cause transitions and the actions that may
result frgm the transitions. The states of thesmodel 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
must be {rue when the event occurs, in<grder for the transition to occur. In state transition testing, the
test condjitions may be all states of the-state model, all transitions of the state model or the entire stafte
model, d¢pending on the coverageé.requirements of testing. The model may be represented as a stafe
transition diagram or a state table’(although other representations may also be used).

5.2.8.2 |[Derive Test Coverage Items (TD3)

In state fransition testing, test coverage items will change depending on the chosen test completi¢n
criterion| and test.design approach. Possible test completion criteria include but are not limited fo
the folloying:

— statds,in,which test coverage items shall be derived to enable all states in the state model to be
“visited=

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

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

— 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.
16 © ISO/IEC 2015 - All rights reserved
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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 expected
result mav be defined in terms of outputs and the states visited as described in the state wode]);

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

52.9.1 Derive Test Conditions (TD2)

Sqenario testing (Desikan and Ramesh 2007) uses a model of the sequences of interactions|between
the test item and other systems (in this context users are often considéred to be other systems) for the
puirpose of testing usage flows involving the test item. Test conditions’shall either be one sequence of
interactions (i.e. one scenario) or all sequences of interactions (i.e..all scenarios).

Inf scenario testing, this step shall include identification of:

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

— “alternative” scenarios that represent alterndtivé (non-main) scenarios that may be taker} through
the test item.

NOPTE1  Alternative scenarios can include abfiormal use, extreme or stress conditions and exceptions.

NQTE 2  Scenario testing is typically uséd for conducting “end-to-end testing” during functional tedting, such
adduring system testing or acceptance t&sting.

Onhe common form of scenario té&sting called use case testing (Bath 2008; Hass 2008) utilises g use case
mjodel of the test item that describes how the test item interacts with one or more actors for the purpose
off testing sequences of intetactions (i.e. scenarios) involving the test item.

NPTE3 In use case testing, the use case model must be of a type that describes how various aftions are
pdrformed by the testitem as a result of various triggers from the actors. An actor can be a user or anothgr system.

NPTE4  Trans$action flow testing (Beizer 1995) is often classified as a type of scenario testing.

522.9.2 Derive Test Coverage Items (TD3)

Thedest coverage items shall be the main and alternative scenarios (i.e. the test coverage items are the

sdme’as the test canditions) Therefore nao further action is required at this step for this technlique.

5.2.9.3 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.

© ISO/IEC 2015 - All rights reserved 17
© IEEE 2015 - All rights reserved


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

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

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.

EXAMPLE Types of input distributions include the normal distribution, uniform distribution and
operationpl profile.

5.2.10.2 [ Derive Test Coverage Items (TD3)

There ar¢ no recognised test coverage items for random testing.

5.2.10.3 | Derive Test Cases (TD4)

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

a) Seledt an input distribution for the selection of test inputs;

b) Gendrate random values for the test inputs based on the input'distribution chosen in step a);
c) Detefrmine the expected result of the test case by applyifig the input(s) to the test basis;

d) Repdat steps b) and c) until the required testing has been completed.

NOTE 1 | The required testing can be defined in terms_of a number of tests executed, an amount of time spent
testing or|some other measure of completion.

NOTE 2 | Step b) is normally automated.
5.3 Stijucture-Based Test Design‘Techniques
5.3.1 Statement Testing

5.3.1.1 (Derive Test Conditions (TD2)

A model pf the source.code of the test item which identifies statements as either executable or nop-
executable shall be derived (BS 7925-2:1998, Myers 1979). Each executable statement shall be|a
test condition.

NOTE The_identification of non-executable statements could be carried out during step TD4, using an
automatedl tool.

5.3.1.2 Derive Test Coverage Items (TD3)

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;

18 © ISO/IEC 2015 - All rights reserved
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Determine the test inputs that will cause the control flow sub-path(s) to be exercised;

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.

5

3.2 Branch Testing

3.2.1 Derive Test Conditions (TD2)

A

N
ar
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control flow model that identifies branches in the control flow of the test item shalkb¢
S 7925-2:1998; 4.7.1). Each branch in the control flow model shall be a test condition.

branch is:
a conditional transfer of control from any node in the control flow model to,any other nod

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

when a testitem has more than one entry point, a transfer of control to an entry point of the

DTE1  Complete branch testing covering 100% of all branches yequires all arcs (links or edges) in t
w graph to be tested, including sequential statements between dnentry and exit point that contains no

DTE 2 Branch testing can require testing of both conditional and unconditional branches, inclug
d exit points to a test item, depending on the level of test€Coverage required.

DTE 3 Function and method calls are not identified-as separate test conditions in branch testing.

3.2.2 Derive Test Coverage Items (TD3)

ich branch in the control flow model.shall be a test coverage item (i.e. the test coverage iten

3.2.3 Derive Test Cases (TD4)

ne following steps shall be followed during test case derivation:

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

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

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

b derived

e, or

trol flow

testitem.

he control
decisions.

ling entry

s are the

me as the test conditions). Therefor®, no further action is required at this step for this technlique.

yet been

r the test

Repeat steps 2) to r) until the qunirPd level of test coverage is achieved

NOTE1 Ifthere are no branches in the test item then a single test condition, test coverage item and t
still required.

NOTE 2

each entry point.
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If there are multiple entry points to the test item, sufficient test cases will be required to cover
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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)
statements (e.g. case-1-2-3-...-N in source code). In decision testing, each decision in the control flow
model shall bhe a test condition

5.3.3.2 [Derive Test Coverage Items (TD3)

The decigion 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 itemns that have not yet be¢n
execfited during testing;

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

t

[%2]

c) Detefmine the expected result from exercising the controlflow sub-path(s) by applying the te
inpufs to the test basis;

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

NOTE If there are no decisions in the test item then asingle test condition, test coverage item and test caselis
still requifed.

5.3.4 Branch Condition Testing

5.3.4.1 |Derive Test Conditions (TD2)

A control flow model of the test itém’that identifies decisions and conditions within decisions shall be
derived. PDecisions are points in‘the test item where two or more possible outcomes (and hence sup-
paths) mpy be taken by the centrol flow (BS 7925-2:1998, Myers 1979). Typical decisions are used fpr
simple s¢lections (e.g. if-then-else in source code), for deciding when to exit loops (e.g. while-loop fin
source c¢de), and for cdase statements (e.g. case-1-2-3-...-N in source code, also referred to as switth
statemenyts). In branch\eondition 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.

5.3.4.2 [Derive Test Coverage Items (TD3)

In branch condition testing, all Boolean values (true/false) of the condition(s) within decisions shall be
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 case is
still required.

583.5 Branch Condition Combination Testing

58.5.1 Derive Test Conditions (TD2)

Alcontrol flow model of the test item which identifies decisions and conditions.shall be dg¢rived. In
bitanch condition combination testing (BS 7925-2:1998), each decision shall béa test conditiot.

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

53.5.2 Derive Test Coverage Items (TD3)

Eqch unique feasible combination of Boolean values of gonditions within each decision|shall be
identified as a test coverage item (BS 7925-2:1998, Myers 1979). This includes simple dec151o$s, where
cqmbinations consist of two individual Boolean outcomes)of a single condition within a decisi¢n.

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

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

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

c)| Identify a subset of test inputs from step b) to cover the selected combination of Boolean|values of
conditions within the-décision;

d] Determine the expected result by applying the selected test inputs to the test basis;
e)] Repeat stepsa)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 case is
stjll required;

5.3.6, " Modified Condition Decision Coverage (MCDC) Testing

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

© ISO/IEC 2015 - All rights reserved 21
© IEEE 2015 - All rights reserved


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

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

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 following steps shall be followed during test case derivation:

a) ldentifycomtrotflowsub-path{sj that Teach ome ormore test toverage itemts that rave ot yet been
execlited during testing;

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

c) Identify a subset of test inputs from step b) to cover the selected combinations of individual Boolegn
valugs of conditions within the decision that allow a single Boolean condition-to.independentlly
affedt the outcome;

d) Detefmine the expected result by applying the selected test inputs to the téstbasis;
e) Repdat 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, t€st coverage item and test caselis
still requifed.

5.3.7 ID)ata Flow Testing

5.3.7.1 |[Derive Test Conditions (TD2)

In data flow testing (Burnstein 2003), a model of the test item shall be derived that identifies control
flow sub}paths through the test item, within whieh each definition of a given variable is linked fo
subsequgnt use(s) of the same variable and within which there has been no intervening redefinition jof
the Variafle's value.

“Definitigns” are where a variable is possSibly given a new value (sometimes a definition will result iff a
variable fetaining the same value as.it. had before). A “use” is an occurrence of a variable in which the
variable {s not given a new value; “us€s” can be further distinguished as either “p-uses” (predicate-use)
or “c-usep” (computation-use). A\p-use denotes the use of a variable in determining the outcome off a
condition (predicate) within‘a decision, such as a while-loop, if- then- else, etc. A c-use occurs wher| a
variable s used as an input'te the computation of the definition of any variable or of an output.

In data flpw testing, each definition-use pair for a variable in the test item is a test condition.

There ar¢ a numberof forms of data flow testing, which are all based on the same test conditions. The
five formls defined in this part of ISO/IEC/IEEE 29119 are: all-definitions testing, all-c-uses testing, a}l-
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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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 test
inputs to the test hagig;

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

NOTE In practice, these steps could require automation.

58.7.3 All-C-Uses Testing
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B3.7.3.1 Derive Test Coverage Items (TD3)

ne control flow sub-paths from each variable definition to each\c*dse of that definition

identified as test coverage items. “All-c-uses” testing requires that at least one of the defin

b-paths (with relation to a specific variable) from the definition to each one of its c-uses
en covered for all relevant variable definitions.

3.7.3.2 Derive Test Cases (TD4)

he following steps shall be followed during test case/derivation:

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

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

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

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

3.7.4 All-P-Uses Testing

3.7.4.1 Derive/Test Coverage Items (TD3)

ne controldlow sub-paths from each variable definition to each p-use of that definition

identified‘as test coverage items. “All-p-uses” testing requires that at least one of the defin

b-paths (with relation to a specific variable) from the definition to each one of its p-uses
eficovered for all relevant variable definitions.
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tion-free
will have
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3.7.4.2 Derive Test Cases (TD4)

The following steps shall be followed during test case derivation:

a)

b)
A

d)

©
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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;

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

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

inputs to the test basis;

Repeat steps a) to c¢) until the required level of test coverage is achieved.
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5.3.7.5

5.3.7.5.1

All-Uses Testing

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.

5.3.7.5.2
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ving steps shall be followed during test case derivation:

ify control flow sub-path(s) from variable definitions to a subsequent p-use or c-use of th|
ition that have not yet been executed during testing;

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

rmine the expected result from exercising the control flow sub-path(s)\by applying the t¢g
s to the test basis;

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

Derive Test Coverage Items (TD3)

ol flow sub-paths from each variable definition to every use (both p-use and c-use) of th|

riable) is covered.
All-du-paths testing requires all loop-free sub-paths from a variable definition to its use be test

variable definition to its use to betested to attempt to achieve 100% test item coverage.

Derive Test Cases (TD4}
ving steps shall be fellowed during test case derivation:

ify control flow sub-path(s) from variable definitions to every subsequent p-use and c-use
Hefinition that have not yet been executed during testing;

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

rmine,the expected result from exercising the control flow sub-path(s) by applying the t¢g
[st0the test basis;

at
S

bd

L to achieve 100% test item coverage\ This differs from All-uses testing, which requires only one path

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

N
e

DTE The checklist of defect types could be derived by various means, such as taxonomies

of known

rors, information contained in incident management systems, from a tester’s knowledge, experienjce and/or

uipderstanding of the test item(s) and/or similar test items or from the knowledge of other stakehodlders (e.g.
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Sstem users or programmers).

#4.1.2 Derive Test Coverage Items (TD3)

ere are no recognised test coverage items for error guessing.

#.1.3 Derive Test Cases (TD4)

st cases for error guessing are typically derived by selecting\a.defect type from a checklist
pes that are to be covered and deriving test cases that could detect that defect type in the te
existed. The following steps shall be used during test case derivation:

Select a defect type(s) for coverage by the current’test case;

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

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

Repeat steps a) to c) until the requited testing has been completed.

Test Coverage Measurement

1 Overview

e coverage measures defined in this part of ISO/IEC/IEEE 29119 are based on differing d
verage that are-achievable by test design techniques. Coverage levels can range from 0% to
ch coverage galculation, a number of test coverage items may be infeasible. A test coverage i

oice-will typically be recorded in the Test Plan (defined in ISO/IEC/IEEE 29119-3). If a test
b’ is-discounted, justification for its infeasibility will typically be recorded in a test repor

Cd

of defect
St item, if

selected

egrees of
100%. In
[fem shall

defined to:be infeasible if it can be shown to not be executable or impossible to be covered by a test
se. The(coverage calculation shall be defined as either counting or discounting infeasible items; this

coverage
t. In each

verage calculation, if there are no test coverage items of a given type in a test item, 100% coverage for

that type of coverage will be defined as being inapplicable for that test item.

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

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 Teft Measurement for specication-based l1est Design 1echniques

6.2.1 Hquivalence Partition Coverage

Coveraggq for equivalence partitioning shall be calculated using the following definitions;
— CoveJrage is the equivalence partition coverage;

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

— T is tlhe total number of partitions identified.

6.2.2 (lassification Tree Method Coverage

Coveraggq for the classification tree method shall be calculated usingthe following definitions.
For minifnized combination coverage, the following definitiofis shall be used:

— Covelrage is the minimized combination coverage classification tree method coverage;

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

— T is the total number of classes.

For maximized combination coverage the folléwing definitions shall be used:

— CoveJrage is the maximized combination classification tree method coverage;

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

— T is the total number of cembinations of classes.

6.2.3 Boundary Value Analysis Coverage
Coveragq for boundary value analysis shall be calculated using the following definitions:

— CoverageiSithe boundary value coverage;

— Nis the'number of distinct boundary values covered by executed test cases;

— Tis the total number of boundary values.

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

6.2.4 Syntax Testing Coverage
There is currently no industry agreed approach to calculating coverage 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;

— Nis the number of unique combinations of P-V pairs covered by executed test cases;
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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 executédtest 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 calculatedising the following definitions:
— Coverage is each choice coverage;

— Nis the number of P-V pairs covered bygexecuted test cases;

— T is the total number of unique P-Vpairs.

62.5.4 Base Choice Testing Coverage
Coverage for base choice testing shall be calculated using the following definitions:
— Coverage is base cheice coverage;

— N is the numbéryof base choice combinations covered by executed test cases (all but one

(for when:all test item parameters are set to the base value) if exercised;

value, and the remaining test item parameter set to valid values), plus one (for when all
parameters are set to the base value).

parameter sét to the base value, and the remaining test item parameter set to valid values)

— T is the)total number of base choice combinations (all but one test item parameter set to

6.2.6 Decision Table Testing Coverage

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.

6.2.8

Coveraggq for all states testing shall be calculated using the following definitions:

— Covelrage is all states coverage;
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— Nis the number of scenarios covered by executed test cases;

— T is the total number of scenarios.

6.2.10 Random Testing Coverage

There 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;

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

——Tisthetotatmumberof executablestatements:

63.2 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$d single test is required to achieve 100%
brjanch coverage.

6.3.3 Decision Testing Coverage

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

— N is the number of decision outcomes cavered by executed test cases;

— Tis the total number of decision outcomes.

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

63.4 Branch Condition Testing Coverage
Coverage for branch.condition testing shall be calculated using the following definitions:
— Coverage is branch condition coverage;

— N is the>number of Boolean values of conditions within decisions plus the number off decision
outcomes covered by executed test cases;

— T\ig the total number of Boolean values of conditions within decisions plus the total namber of
décision outcomes.

NOTE For situations where there are no decisions in the test item, a single test is required to achieve 100%
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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— Tis 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
definitions:

— Cov
— Nis
decis
cove

— Tis
decis

NOTE
modified

6.3.7 I

6.3.7.1
Coverage
— Covel

— Nis

cases,;

— Tist

6.3.7.2

Coverage
— Cove
— Nis t

— Tist

6.3.7.3

age s modified conmdition decision COVerage;

ions that allow a single Boolean condition to independently affect the decision outcome to |
red by executed test cases;

ions that allow a single Boolean condition to independently affect the outcome.

For situations where there are no decisions in the test item, a single test isequired to achieve 100
fondition decision coverage.

pata Flow Testing Coverage

All-Definitions Testing Coverage
for all-definitions testing shall be calculated usingthe following definitions:
rage is all-definitions coverage;

the number of definitions associated with data-definition-use pairs covered by executed t¢g

)

he total number of definitions-use pair's from distinct variable definitions.

All-C-Uses Testing Coverage

for all-c-uses testing shall\be calculated using the following definitions:
rage is all-c-uses coverage;

he number of definition-c-use pairs covered by executed test cases;

he total number of definition-c-use pairs.

All-P-Uses Testing Coverage

Coverage

he number of unique feasible combinations of individual Boolean values of conditionswithjin
he

the total number of unique combinations of individual Boolean values of conditions withjin

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

— Cove

rage is all-p-uses coverage;

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

— Tist

6.3.7.4

he total number of definition-p-use pairs.

All-Uses Testing Coverage

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

— Cove

rage is all-uses coverage;

— Nis 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 reached
(Without an intervening definition of the variable) covered Dy eXecuted test cases;

— Tisthetotalnumber of simple sub-paths from each definition to both p-use and c-use ofthat definition.
6}4 Test Measurement for Experience-Based Testing Design Techniques

64.1 Error Guessing Coverage

There is currently no industry agreed approach to calculating coverage€or'error guessing.
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A.1 Quality Characteristics

A.1.1 Qverview

Software

satisfied

defined ip ISO/IEC 25010 (ISO/IEC 25010:2011) can be mapped to the test designctechniques defing
in this part of ISO/IEC/IEEE 29119. The test design techniques defined in this standard could be us¢
for testing a variety of these characteristics. There may be other quality characteristics that could |

consider

ISO/IEC

system/doftware product quality properties into eight characteristics: functional suitabilif
performgnce efficiency, compatibility, usability, reliability, security, maintainability and portability.
Each chajracteristic is composed of a set of related sub-characteristics. In some situations, there m

be regul
characte
test for e

Clause AR provides an explanation of types of testing'that can be used to test the quality characteristi

presente
presente

based ard structure-based test design techniques covered in this part of ISO/IEC/IEEE 29119 |i

Annex A
(informative)

Testing Quality Characteristics

testing is carried out to collect evidence as to whether required quality critgria have beg
by a test item. This informative annex contains examples of how quality~characteristi

bd (e.g. privacy).

25010 defines the product quality model shown below in«Figure A.1, which categoriz

htory requirements (e.g. government policies or Jaws) that mandate that certain quali
[istics are met by a system. Various test design teChniiques and types of testing can be used
hch characteristic (see Clauses A.3 and A.4).

l in Figure A.1. A mapping of each quality characteristic to applicable types of testing (i
1 in Clause A.3. The relationship between the quality characteristics and the specification

explained in Clause A.4.

Software/System Product Quality

Functiohal | |Performance Maintain-
o1 - Compdtibili Usabilit Reliabilit Securi e Portabilit
Suitabilfty Efficiency P ty Y y ty ability Y
Functiorfal Time behaviour Co-existence Appropriateness Maturity Confidentiality Modularity Adaptability
completerjess Resource Interoperability | | recognisability Availability Integrity Reusability Installability
Functiorjal utilisation Learnability Fault tolerance | |Non-repudiation Analysability Replaceability
t . -
correctngss Capacity Operability Recoverability Accountability Modifiability
Functioral User error Authenticit Testabilit
appropriat¢ness 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
ahility of 2 nser with QpP(‘iﬁ(‘ accessibility needs to achieve accessibility nhjpr’ri\mq For exan ple, this
cquld include a requirement for the test item to support visual and/or hearing impaired users

NQTE 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.

Af2.2 Backup/Recovery Testing

The purpose of backup/recovery testing is to determine if, in the event,of fdilure, a test item can be
rgstored from backup to its pre-failure state. Backup/recovery testing uses-a model of the testfitem that
specifies its backup and recovery requirements, which specify the needto back up the operatignal state
offa test item at a point in time, including data, configuration and/ar environment and restore|the state
off the test item from that backup. Backup/recovery testing thenfocusses on testing the corrgctness of
the test item’s backup and the correctness of the restored state of the test item against its pye-failure
sthte. Backup/recovery testing can also be used to verify whether the backup and recovery priocedures
forr the test item achieve specified recovery objectives. This type of testing may be carried out ps part of
a flisaster recovery test (see A.2.5).

Af2.3 Compatibility Testing

The purpose of compatibility testing is to determine whether the test item can function alonggide other
independent or dependent (but not necessarily communicating) products in a shared environment (i.e.
cq-existence). Compatibility testing may also be applied to multiple copies of the same test ifem or to
rr]:ﬂtiple test items sharing a commomehvironment.
C

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

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

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

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

— Environment constraints. Features of the environment, such as memory, processor, architecture,
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
recovery plan) that specifies its disaster recovery requirements, including any required disaster
recovery design standards to which the test item must conform. The test item in disaster recovery
testing nhay be an entire operational system, with associated facilities, personnel, and procedurgs.
Disaster fecovery testing may cover factors such as procedures to be carried out by operational staff,
relocatioh of data, software, personnel, offices, or other facilities, or recovering data previously backe¢d
up to a rgmote location.

A.2.6 FHunctional Testing

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

A.2.7 Ipstallability Testing

The purppse of installability testing is to determine if a testitem(s)can be installed, uninstalled/remové¢d
and/or upgraded as required in all specified environments¢Installability testing uses a model of the
installabllity requirements of the test item, which are typically specified in terms of the installatidn,
uninstallption or upgrade processes (as described in the‘installation manual or guidelines), the people
who willcarry out the installation, uninstallation or upgrade, the target platform(s) and the test item(s)
to be installed, uninstalled or upgraded.

A.2.8 Interoperability Testing

The purpgose of interoperability testing is*to determine if a test item can interact correctly with other
test itemp or systems either in the sameenvironment or different environments, including whether the
test item|can make effective use of infformation received from other systems. Interoperability testing
uses a m@del of the test item thatspecifies its interoperability requirements, including interoperability
design sflandards to which the test item must conform. This could include assessing whether a test
item runhing in one environment can interact accurately with another test item or system in another
separate[environment.

A.2.9 Localization Testing

The purpose of leealization testing is to determine whether the test item can be understood within the
geograpHical(region it is required to be used in. Localization testing can include (but is not limited tjo)
analysis pfwhether the user interface and supporting documentation of the testitem can be understO(l)d
by users Withim 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 family of techniques is to determine whether a test item performs as required

f the test
item in terms of transactions per second, throughput response times, round trip time and [resource
uflilization levels. The “typical” load of the test item under “normal” conditions maybe defined in the
erational 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 téstitem when it is pladed under
a “typical” load.

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

— Stress testing is aimed at assessing the performance’of the test item when it is pushed beyond its
anticipated peak load or when available resourees\(e.g. memory, processor, disk) are reduded below
specified minimum requirements, to evaluaté how it behaves under extreme conditions.

— Endurance testing (also called soak testingyis aimed at assessing whether the test item can sustain
the required load for a continuous peridd of time.

— Volume testing is aimed at assessing‘the performance of the test item when it is processing|specified
levels of data. For example, thishay include assessing test item performance when its dqtabase is
nearing maximum capacity.

— Capacity testing (also calted scalability testing) is aimed at assessing how the test item wil| perform
under conditions that may need to be supported in the future. For example, this may include
assessing what leyvel of additional resources (e.g. memory, disk capacity, network bandwjdth) will
be required to support anticipated future loads.

— Memory management testing is aimed at assessing how the test item will perform in terms of the
amount (hermally maximum) of memory used (e.g. hard disk memory, RAM and ROM), the type of
memory. (e.g. dynamic or allocated/static) and/or defined levels of memory leakage experienced
durihg-testing. Memory requirements will typically be specified in terms of specific ¢perating
conditions (e.g. a peak memory requirement over a particular period of operation undef 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:

— auser guide;

— anir
— auseq

This info

structiomrmamrat;
r reference manual.

Fmation will normally define how the user is meant to:

— set up the test item for normal usage;

— oper
— beco
— troul

— Treco

A.2.14 R

The purj
function;
condition]
its requiy
include a
the oper3

hte the test item in normal conditions;
ne a competent user of the system (tutorial files);
ple-shoot the test item when faults arise;

nfigure the test item.
eliability Testing

ose of reliability testing is to evaluate the abilify) of the test item to perform its require
, including evaluating the frequency with whick failures occur, when it is used under statg
s for a specified period of time. Reliability testing uses a model of the test item that specifi

definition of failure and either the operational profile of the test item or an approach to deri
tional profile.

A.2.15 Security Testing

The pury
are protd

ed level of reliability (e.g. mean time to failure, mean time between failures). The model shoulld

bd
bd
bS

ye

ose of security testing is te'evaluate the degree to which a test item and its associated da

persons ¢r systems are granted required access to them. Security testing uses a model of the test it

that sped
test item
functiond
assessing
functions
other use

There ar

lity of a test itend from unauthorised users and malicious use. For example, this could inclu

of a testitem that are only required to be accessible by certain user types are protected fro
r types:

e dnumber of techniques for assessing the security of a test item:

whether the\test item prevents unauthorised users from accessing data, or whether certajin

a

cted so that unauthorisgd\persons or systems cannot use, read or modify them and authoris¢d

ifies its security requirements, including any required security design standards to which the
must conform. Security requirements are concerned with the ability to protect the data apd

e

m

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

— Privacy testing involves attempted access to private data and verification of the audit trail (i.e.
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.

36

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


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

A.2.16 Usability Testing

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

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. Usability
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-
related purpose and tasks it will aid), and the contexts of use for the test item (who is to use the test
item and the environment in which it is to be used, user characteristics and user tasks). Usability goals

A{3.1 Mapping

wiill be defined for the effectiveness, efficiency and satisfaction for specified users to achieyve
gagals in one or more specified contexts of use.

NOTE ISO/IEC 9241 defines standards for defining the requirements for human-systems\interacti

Al3 Mapping Quality Characteristics to Types of Testing

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

specified

pI.

In| the table below, the types of testing that were presented in Clause A.2 are mapped to the quality
claracteristics that were presented in Figure A.1 (in A.1.1).

s5ting

Type of Testing Quality Characteristic Sub-Characteristics
Arcessibility Testing Usability Accessibility
Bpckup/Recovery Testing Reliability Maturity
Fault tolerance
Recoverability
Cpmpatibility Testing Compatibility Co-existence
Cpnversion Testing Functional Suitability Functional completeness

Functional correctness

Functional appropriateness

)

isaster Recovery Testing

Reliability

Maturity

Fault tolerance

Recoverability

]

inctional Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

—

jstdllability 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

Maintain

hbility Testing

Maintainability

Modularity

Reusability

Analysability,

Modifiability

Testability

Performance-Related Testing

Performance efficiency

Time<behaviour

Resource utilisation

Capacity

Portabilit

y Testing

Portability

Adaptability

Installability

Replaceability

Procedur

e Testing

None

None

Reliabilit

y Testing

Reliability

Maturity

Availability

Fault tolerance

Recoverability

Security

[esting

Security

Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Usability

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 25010

Bradict chaxna

3
ProtactTiimarattCrTSTIcs

e

pst Design Technique

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

bristics

%)

becification-Based Test Design Techniques

jos]

pundary Value Analysis

Functional Suitability

Functional completeness

Functional eorrectness

Functional appropriateness

Performance Efficiency

Time=behaviour

Gapacity
Usability User error protection
Reliability Fault tolerance
Security Confidentiality
Integrity

(@)

huse-Effect Graphing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Usability

User error protection

Compatibility

Co-existence

@)

assification Tree Method

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

Usability

User error protection

bmbinatorial Test Design
echniques

— O

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

Random

[esting

Functional Suitability

Functional completeness

Functional cortectness

Functional appropriateness

Performance

Timebehaviour

Reésource utilisation

Capacity

Reliability

Maturity

Availability

Fault tolerance

Recoverability

Security

Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Scenario

lesting

Functional 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 aesthetics

Accessibility

Appropriateness recognisabillity

%)

ructure-Based Test Design Techniques

o]

ranch Condition Combina-
ion Testing

ot

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

jos]

Fanch Condition Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

o]

ranch Testing

Functional Suitabjlity

Functional completeness

Functional correctness

Functional appropriateness

jw)

ata Flow Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

jw)

ecision Testing

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

odified Condition Decision
pverage (MCDC) Testing

O

Functional Suitability

Functional completeness

Functional correctness

Functional appropriateness

72

aternent 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

B|1.1 Overview

an
V4

B

B

Bj2.1.1 Introduction

rq

This annex provides guidance on the requirements in 5.2 and 6.2 by demonstrating the appl
edch individual specification-based test design technique to a separate problem. Each examp
the Test Design and Implementation Process that is defined in ISO/IEG/IEEE 29119-2. Altho
eyample is applied in a specification-based testing context, as stated’in 5.1, in practice mdg
techniques defined in this part of ISO/IEC/IEEE 29119 can be used interchangeably (e.g. bound

The aim of equivalence partitioning is\to'derive a set of test cases that cover the input an
p4rtitions of the test item according to-the chosen level of equivalence partition coverage. Eq
p4rtitioning is based on the premiseg‘that the inputs and outputs of a test item can be partiti
clpsses that, according to the test.basis for the test item, will be treated similarly by the test it
the result of testing any valpé-in one equivalence partition can be considered representati

B{2.1.2 Specification

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

1 Guidelines and Examples for Specification-Based Testing

alysis could be used to test the inputs to a program through the user interface or the boun
riables within program source code).

2 Specification-Based Test Design Technique Examples

2.1 Equivalence Partitioning

sult of testing with any ether value in that partition.

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

cation of
e follows

ugh each

st of the

ary value

daries of

d output
livalence
bned into
em. Thus
ve of the

as input,
ilculating

greater than or equal to 70 - A’
greater than or equal to 50, but less than 70 - B
greater than or equal to 30, but less than 50 - 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 partitions for the two inputs are initially identified. The valid partitions can be described by:

TCQNDT: 0 <= exam mark <=75 (for FST]
TCOND2: 0 <= coursework mark <= 25 (for FS1)

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

TCOND3: exam mark < 0 (for FS1)
TCONDA4: exam mark > 75 (for FS1)
TCONDS5: coursework mark < 0 (for FS1)
TCONDG6: coursework mark > 25 (for FS1)
Partitioned ranges of values can be represented pictorially, therefote;-for the input, exam mark, we ggt:
0 75
< | | >
. exam 0 0< exam <75 . . exam 75 .
mark ) mark mark g

Figure B.1 — Input “exam mark”

And for the input, coursework mark, we get:

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

mark mark mark

Figure B.2 — Input “coursework mark”

Less obvjous invalid input partitions could include any other input types, such as non-integer inputs
and non-humericinputs. So, we could generate the following invalid input equivalence partitions:

TCONDBT: exam mark = real number with a fractional part (for FS1)
TCONDS: exam mark = alphabetic (for 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’ is induced by 0 <= total mark < 30 (for FS1)
TCOND17Z: ‘Eault Message’ (EM]} is induced by totalmark =100 fforES1)
TCOND18: ‘Fault Message’ (FM) is induced by total mark < 0 (for FS4)
TCOND19: ‘Fault Message’ (FM) is induced by non-integer inputs (forpFS1)

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

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

‘M’ (l) ‘D’ 3|0 No 50 (cont.
< total total total below)
<4— <0 —p | g¢—0=< <30 30'< <50

mark mark —> |4 mark
(cont. 50 ‘B’ 7.0 a’ 10 EM
from l 1 : >
) mark —> mark » mark —»

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

An invalid output would be any Output of the test item other than any of the five specified.|It can be
challenging to identify unspecified outputs. However, they must be considered because if we ¢an cause
one to occur, then we have\identified a flaw with the test item, its test basis, or both. For thig example
three unspecified outputs.were identified and are shown below. This aspect of equivalence partitioning
is|very subjective andidifferent testers may identify different partitions which they feel could possibly
o¢cur (this is descyibed in 5.2.1.1 NOTE 2).

TCOND20: output = ‘E’, in case this (invalid) extra grade has been implemented (fpr FS1)
in error for total marks from 0 to 15

TCOND21: output = ‘A+’, in case this (invalid) extra grade has been implemented (fpr FS1)
in error for total marks from 90 to 100

TCOND22: output = ‘null’, in case a ‘null’ output can be generated (for FS1)

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)
TCOVER?7: exam mark = real number with a fractional part (for TCOND7)
TCOYERS: €Xam mark = alphabetic (for TCONDS)
TCOYERO: exam mark = special character (for TCOND9)
TCOYER10: coursework mark = real number with a fractional part (for TGOND10)
TCOYER11: coursework mark = alphabetic (fer TCOND11)
TCOYER12: coursework mark = special character (for TCOND12)
TCOYVER13: ‘A’ is induced by 70 <= total mark <= 100 (for TCOND13)
TCOYER14: ‘B’ is induced by 50 <= total mark < 70 (for TCOND14)
TCOYER15: ‘C’is induced by 30 <= total mark < 50 (for TCOND15)
TCOYER16: ‘D’ is induced by 0 <= total mark < 30 (for TCOND16)
TCOYER17: ‘Fault Message’ (FM) is induced by total mark > 100 (for TCOND17)
TCOYER18: ‘Fault Message’ (FM) is induced-by total mark < 0 (for TCOND18)
TCOYER19: ‘Fault Message’ (FM) is induced by non-integer input(s) (for TCOND19)
TCOYER20: output = ‘E’ (for TCOND20)
TCOYER21: output = ‘A+’ (for TCONDZ21)
TCOYER22: output = ‘nuik (for TCOND22)

B.2.1.6 |Step 4: Derive Test Cases (TD4)

B.2.1.6.1] Options

Having identified-partitions and test coverage items to be tested, test cases are derived that attempt

to “hit” ¢ach test coverage item. Two common approaches for test case design are one-to-one and

minimizgd equivalence partitioning (other approaches to selecting combinations of test coverage

items to pe'exercised by test cases that may be used are described in 5.2.5). In the first a test caselis

generated for each identified partition on a one-to-one basis (see option 4a below), while in the second
a minimized 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
Input (c/w mark) 15 15 15
total mark (as calculated) 75 5 108
Test Coverage Item TCOVER1 TCOVER3 TCOYER4
Phrtition tested (of exam mark) 0<=e<=75 e<0 e>75
Ekp. Output ‘AN ‘FM’ ‘FM’

The test cases corresponding to partitions derived from the input coursework mark are:

Table B.2 — Test cases for input courseworkamark

Test Case 4 5 ¢
Input (exam mark) 40 40 40
Input (c/w mark) 20 -15 47
tqtal mark (as 