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ForewordISO (the International Organization for Standardization) and IEC (the International Electrotechnical members of ISO or IEC participate in the development of International Standards through technical 
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the ISO/IEC JTC 1.The procedures used to develop this document and those intended for its further maintenance are described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents).
constitute an endorsement.
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers to Trade (TBT) see the following URL:  The committee responsible for this document is ISO/IEC JTC 1, Information technology, SC 7, Software 
and Systems Engineering.ISO/IEC/IEEE 29119 consists of the following standards, under the general title Software and Systems 
Engineering — Software Testing:— — Part 2: Test processes— Part 3: Test documentation— Part 4: Test techniquesThe following parts are under preparation:— Part 5: Keyword-driven testing
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Introduction

software test design techniques (also known as test case design techniques or test methods) that can be 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 
The test design techniques presented in this part of ISO/IEC/IEEE 29119 can be used to derive test cases that, when executed, generate evidence that test item requirements have been met and/or that defects are present in a test item (i.e. that requirements have not been met). Risk-based testing could be covered in ISO/IEC/IEEE 29119-1 and ISO/IEC/IEEE 29119-2).NOTE A “test item” is a work product that is being tested (see ISO/IEC/IEEE 29119-1).
IEEE 29119-2 and shown in Figure 1.Of the activities in this process, ISO/IEC/IEEE 29119-4 provides guidance on how to implement the following activities in detail for each technique that is described:— Derive Test Conditions (TD2);— Derive Test Coverage Items (TD3);— Derive Test Cases (TD4).
all states then the test conditions could be the states the test item can be in. Other examples of test conditions are equivalence classes and boundaries between them.Test coverage items are attributes of each test condition that can be covered during testing. A single 
A test case is a set of preconditions, inputs (including actions, where applicable), and expected results, 
(Assemble Test Sets), and TD6 (Derive Test Procedures), is not included in Clauses 5 or 6 of this part of ISO/IEC/IEEE 29119 because the process is the same for all techniques.
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Figure 1 — ISO/IEC/IEEE 29119-2 Test Design and Implementation Process

ISO/IEC 25010.
in ISO/IEC/IEEE 29119-1.
in ISO/IEC/IEEE 29119-3 Test Documentation. The test techniques in this part of ISO/IEC/IEEE 29119 
Information on how to document test cases can be found in ISO/IEC/IEEE 29119-3.
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Software and systems engineering — Software testing —Part 4: 
Test techniques

1 Scope

This part of ISO/IEC/IEEE 29119 is intended for, but not limited to, testers, test managers, and 
2 Conformance

2.1 Intended UsageThe normative requirements in this part of ISO/IEC/IEEE 29119 are contained in Clauses 5 and 6. 
or individual can claim conformance to the provisions of this standard – full conformance or tailored conformance. The organization or individual shall assert whether full or tailored conformance to this standard is claimed.
2.2 Full Conformance

Clause 5 and/or the corresponding test coverage measurement approaches in Clause 6
of that one technique in order to claim conformance to this part of ISO/IEC/IEEE 29119.
2.3 Tailored Conformance

Clause 5 or measure Clause 6stakeholders.
3 Normative References

INTERNATIONAL STANDARD ISO/IEC/IEEE 29119-4:2015(E)
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ISO/IEC/IEEE 29119-1, Software and systems engineering — Software testing — Part 1: Concepts and 

ISO/IEC/IEEE 29119-2, Software and systems engineering — Software testing — Part 2: Test processesISO/IEC/IEEE 29119-3, Software and systems engineering — Software testing — Part 3: Test 
documentationNOTE Other International Standards useful for the implementation and interpretation of this part of 

of this part of ISO/IEC/IEEE 29119 are included. This clause is not intended to provide a complete list of testing 
4.1
Backus-Naur Form

4.2
base choicesee base value
4.3
base value

4.4
c-usesee computation data use
4.5
computation data use

4.6
conditionBoolean expression containing no Boolean operators
4.7sequence in which operations are performed during the execution of a test item
4.8sequence of executable statements within a test item
4.9
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4.10

4.11

4.12

4.13
data useexecutable statement where the value of a variable is accessed
4.14
decision outcome

4.15
decision rulecombination of conditions (also known as causes) and actions (also known as effects) that produce a 
4.16

4.17

of that variable
4.18
entry pointpoint in a test item at which execution of the test item can begin
statement within the test item.
4.19
executable statement

4.20
exit pointlast executable statement within a test item
within the test item which either terminates the test item, or returns control to an external process. This is most 
4.21
p-usesee predicate data use
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4.22
P-V paircombination 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
pathsequence of executable statements of a test item
4.24
predicate

4.25
predicate data usedata use associated with the decision outcome of the predicate portion of a decision statement
4.26
sub-pathpath that is part of a larger path
4.27
test modelrepresentation of a test item that is used during the test case design process
4.28

5 Test Design Techniques

5.1 Overview 5.2), structure-based testing (5.3) and experience-based testing (5.4to design test cases. In structure-based testing, the structure of the test item (e.g. source code or the 
testing, the test basis is used to generate the expected results. These classes of test design techniques 
testing could be used to design test cases for testing logical paths through the graphical user interface 
input parameters of test cases derived using scenario testing.
categories of techniques are also known as “black-box testing” and “white-box testing” (or “clear-box 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 
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(derive test conditions), TD3 (derive test coverage items), and TD4 (derive test cases) from ISO/IEC/

not included in ISO/IEC/IEEE 29119-4.

 

© ISO/IEC 2015 – All rights reserved 5© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 



 

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

Test Design Techniques Presented 

in ISO/IEC/IEEE 29119-4

Speci�ication-Based 

Techniques

(clause 5.2)

Structure-Based

Techniques

(clause 5.3)

Equivalence Partitioning 

(clause 5.2.1)

Boundary Value Analysis

(clause 5.2.3)

Classi�ication Tree Method

(clause 5.2.2)

Syntax Testing

(clause 5.2.4)

Combinatorial 

Test Design Techniques

(clause 5.2.5)

All Combinations Testing

(clause 5.2.5.3)

Pair-Wise Testing

(clause 5.2.5.4)

Each Choice Testing

(clause 5.2.5.5)

Base Choice Testing

(clause 5.2.5.6)

Statement Testing

(clause 5.3.1)

Branch Testing

(clause 5.3.2)

Decision Testing

(clause 5.3.3)

Branch Condition Testing

(clause  5.3.4)

Branch Condition 

Combination Testing

(clause 5.3.5)

Modi�ied Condition Decision 

Coverage Testing

(clause 5.3.6)

Data Flow Testing

(clause 5.3.7)

All-De�initions Testing

(clause 5.3.7.2)

All-C-Uses Testing

(clause 5.3.7.3)

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)

Decision Table Testing

(clause 5.2.6)

Cause-Effect Graphing

(clause 5.2.7)

State Transition Testing

(clause 5.2.8)

Experience-Based

Techniques

(clause 5.4)

Error Guessing

(clause 5.4.1)

Figure 2 — The set of test design techniques presented in ISO/IEC/IEEE 29119-4Of the six activities in the test design and implementation process (see Figure 1), test design techniques 
coverage items) and TD4 (derive test cases). Within each technique, the term “model” is used to 
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describe the concept of preparing a logical representation of the test item for the purposes of deriving 

then each transition could be a test condition.

“minimized” approach, as this reduces the number of test cases required to cover valid test coverage items (see 5.2.1.3 and 5.2.3.3).NOTE Invalid cases are also known as “negative test cases”.
could be used to design test cases from the test input values. Equivalence partitioning could be used to select construct test cases from the classes.
user groups (test conditions) and representative users (test coverage items) from those groups in test 

Clause 5. The corresponding normative coverage measures for each technique are presented in Clause 6examples of each technique in Annexes B, C, D and E. Although the examples of each technique demonstrate manual application of the technique, in practice, automation can be used to support some 

5.2.1 Equivalence Partitioning

5.2.1.1 Derive Test Conditions (TD2)

inputs and outputs of the test item into equivalence partitions (also called “partitions” or “equivalence partitions shall be derived from the test basis, where each partition is chosen such that all values 
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invalid inputs and outputs.
equivalence partitions that could be derived include equivalence partitions containing integers, reals, uppercase 
NOTE 1 For output equivalence partitions, corresponding input partitions are derived based on the processing 
experience-based techniques like error guessing.
5.2.1.2 Derive Test Coverage Items (TD3)

the test conditions and test coverage items are the same equivalence partitions).
5.2.1.3 Derive Test Cases (TD4)Test cases shall be derived to exercise the test coverage items (i.e. the equivalence partitions). The following steps shall be used during test case derivation:

number of test cases derived covers all equivalence partitions at least once.
are described in 5.2.5 (Combinatorial Test Design Techniques).b) Select test coverage item(s) for inclusion in the current test case based on the approach chosen instep a);

e) Repeat steps b) to d) until the required level of test coverage is achieved.
5.2.2.1 Derive Test Conditions (TD2)
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and invalid input data, depending on the level of test coverage required. The hierarchical relationships 
as leaf nodes.
which provides a visual representation of the test conditions.
5.2.2.2 Derive Test Coverage Items (TD3)

— minimized, in which classes are included in test coverage items such that the minimum number of test coverage items are derived to cover all classes at least once;— maximized, in which classes are included in test coverage items such that each possible combination of 
NOTE 1 Other approaches to selecting combinations of test coverage items are described in 5.2.5 (Combinatorial Test Design Techniques).NOTE 2 The test coverage items are often illustrated in a combination table (see Figure B.5 in B.2.2.5).
terms “minimal” and “maximal” instead of “minimized” and “maximized”.
5.2.2.3 Derive Test Cases (TD4)Test cases shall be derived to exercise the test coverage items. The following steps shall be followed during test case derivation:a) Based on the combinations of classes created in step TD3, select one combination for inclusion in 
d) Repeat steps a) to c) until the required level of test coverage is achieved.
5.2.3 Boundary Value Analysis

5.2.3.1 Derive Test Conditions (TD2)

the inputs and outputs of the test item into a number of ordered sets and subsets (partitions and sub-be derived from the test basis.
NOTE For output boundaries, corresponding input partitions are derived based on the processing described 
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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:
For two-value boundary testing

outside

For three-value boundary testing
each side of the 

documentation).

duplicated values once. For an example of duplicate boundaries, see B.2.3.4.3.
5.2.3.3 Derive Test Cases (TD4)Test cases shall be derived to exercise the test coverage items. The following steps shall be used during test case derivation:

are described in 5.2.5 (Combinatorial Test Design Techniques).b) Select test coverage item(s) for inclusion in the current test case based on the approach chosen in step a);
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)

the format of an input parameter in terms of “sequences of”, “iterations of”, or “selections between” 
in a textual format.
5.2.4.2 Derive Test Coverage Items (TD3)

where appropriate):
for that selection;

operator), three options “Blue”, “Red” and “Green” will be derived as test coverage items.
one with the minimum number of repetitions and the other with more than the minimum number of repetitions; +” (where “+” represents “one or more”), two options, “one letter” and “more than one letter”, will be derived as test coverage items.— whenever iteration is mandated with a maximum number of repetitions, at least two “options” are derived for the iteration; one with the maximum number of repetitions and the other with more than the maximum number of repetitions. 100” (where “100” represents the fact that a letter can be chosen up to 100 times), two options “100 letters” and “more than 100 letters” will be derived as test coverage items.

used where appropriate):
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)

steps shall be used during test case derivation:
cases, where two common approaches are:

mutation; or2) minimized, in which options, iterations and/or mutations are included in test cases such that the minimum number of test cases are derived to cover all options, iterations and/or mutations at least once.
are described in 5.2.5 (Combinatorial Test Design Techniques).b) Select test coverage item(s) for inclusion in the current test case;

e) Repeat steps b) to d) until all derived options, iterations and/or mutations are exercised.
5.2.5 Combinatorial Test Design Techniques

5.2.5.1 Overview

subset of test cases that cover the test conditions and test coverage items that are derivable during these parameters can take. Where numerous parameters (each with numerous discrete values) must compromising functional coverage.
5.2.5.2 Derive Test Conditions (TD2)The test item parameters represent particular aspects of the test item that are relevant to the testing, 
Each test item parameter can take on various values. For use in this technique the set of values needs 

a parameter to a manageable subset.

 

12 © ISO/IEC 2015 – All rights reserved© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 



 

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

The test conditions for combinatorial testing are the same for all the combinatorial test design resulting in a P-V pair.
5.2.5.3 All Combinations Testing

5.2.5.3.1 Derive Test Coverage Items (TD3)

the set of all unique combinations of P-V pairs, such that each parameter is included at least once in the set.
5.2.5.3.2 Derive Test Cases (TD4)Test cases shall be derived in which each test case exercises one unique combination of P-V pairs. The following steps shall be used during test case derivation:
c) Repeat steps a) and b) until the required level of test coverage is achieved.NOTE The minimum number of test cases required to achieve 100% all combinations testing coverage corresponds to the product of the number of P-V pairs for each test item parameter.
5.2.5.4 Pair-wise Testing

5.2.5.4.1 Derive Test Coverage Items (TD3)In pair-wise testing (Grindal, Offutt and Andler 2005), the test coverage items shall be unique pairs of P-V pairs, where each P-V pair within the pair is for a different test item parameter. Instead of all possible combinations of the parameters (as was required for all combinations testing), this technique item with fewer test cases. Pair-wise testing is also known as “all pairs” testing.
5.2.5.4.2 Derive Test Cases (TD4)

test case exercises one or more unique pairs. The following steps shall be used during test case derivation:a) Select test coverage item(s) for inclusion in the current test case, where each pair of P-V pairs covers 
d) Repeat steps a) to c) until all unique pairs of P-V pairs have been exercised.
three options:
— use an automated tool (implementing an algorithm) to determine a near-optimal set; or
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5.2.5.5 Each Choice Testing

5.2.5.5.1 Derive Test Coverage Items (TD3)In each choice (or 1-wise) testing (Grindal, Offutt and Andler 2005), the test coverage items shall be members of the set of P-V pairs such that each parameter value is included at least once in the set.
5.2.5.5.2 Derive Test Cases (TD4)Test cases shall be derived to exercise P-V pairs, where each test case exercises one or more P-V pairs case derivation:a) Select test coverage item(s) for inclusion in the current test case, where at least one selected test coverage item has not been included in a prior test case;
d) Repeat steps a) to c) until the required level of test coverage is achieved.The minimum number of test cases required to achieve 100% each choice testing corresponds to the 
5.2.5.6 Base Choice Testing

5.2.5.6.1 Derive Test Coverage Items (TD3)In base choice testing (Grindal, Offutt and Andler 2005), the test coverage items shall be sets of P-V pairs for each of the input parameters, where all parameters except one are set to their “base” value and 

5.2.5.6.2 Derive Test Cases (TD4)

to a valid value until the required level of test coverage of PV-pairs is achieved. The following steps shall be used during test case derivation:
the remaining set of parameters to their base choice values;

d) Repeat steps 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)

rules) between conditions (causes) and actions (effects) for the test item in the form of a decision table, where:
corresponding to the “true” case, and one to the “false” case;— each action is an expected outcome or a combination of outcomes for the test item expressed as a Boolean;

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 
5.2.6.2 Derive Test Coverage Items (TD3)

combination of the test item’s conditions and actions, is a test coverage item.
5.2.6.3 Derive Test Cases (TD4)Test cases shall be derived to exercise the decision rules (test coverage items), where each test case combination of Boolean conditions. The following steps shall be used during test case derivation:a) Select test coverage item(s) from the decision table for implementation as a test case;
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 combinations (e.g. “age less than 18” and “age greater than 65” both set to true). In this situation such infeasible 
5.2.7 Cause-Effect Graphing

5.2.7.1 Derive Test Conditions (TD2)

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:
to the “true” case, and one to the “false” case; and
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 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)

combination of the test item’s causes and effects, is a test coverage item.
5.2.7.3 Derive Test Cases (TD4)

produced from the cause-effect graph and used to derive the test cases. The following steps shall be used during test case derivation:a) Select test coverage item(s) to be implemented in the current test case;
and/or decision table;d) Repeat steps a) to c) until the required level of test coverage is achieved.

5.2.8 State Transition Testing

5.2.8.1 Derive Test Conditions (TD2)

must be true when the event occurs, in order for the transition to occur. In state transition testing, the 
5.2.8.2 Derive Test Coverage Items (TD3)In state transition testing, test coverage items will change depending on the chosen test completion criterion and test design approach. Possible test completion criteria include but are not limited to the following:— states, in which test coverage items shall be derived to enable all states in the state model to be “visited”;— single transitions (0-switch coverage), in which test coverage items shall be derived to cover valid single transitions in the state model;— all transitions, in which test coverage items shall be derived to cover both valid transitions in the 
— multiple transitions (N-switch coverage), in which test coverage items shall be derived to cover valid sequences of N+1 transitions in the state model.NOTE “1-switch” coverage is a popular variant of “N-switch” coverage that requires pairs of transitions to be exercised.
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5.2.8.3 Derive Test Cases (TD4)Test cases for state transition testing shall be derived to exercise the test coverage items. The following steps shall be used during test case derivation:a) Select test coverage item(s) for inclusion in the current test case;
d) Repeat steps a) to c) until the required level of test coverage is achieved.
5.2.9 Scenario Testing

5.2.9.1 Derive Test Conditions (TD2)Scenario testing (Desikan and Ramesh 2007) uses a model of the sequences of interactions between 
interactions (i.e. one scenario) or all sequences of interactions (i.e. all scenarios).

the test item.NOTE 1 Alternative scenarios can include abnormal use, extreme or stress conditions and exceptions.
One common form of scenario testing called use case testing (Bath 2008; Hass 2008) utilises a use case model of the test item that describes how the test item interacts with one or more actors for the purpose of testing sequences of interactions (i.e. scenarios) involving the test item.

5.2.9.2 Derive Test Coverage Items (TD3)The test coverage items shall be the main and alternative scenarios (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.
5.2.9.3 Derive Test Cases (TD4)

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

5.2.10.1 Derive Test Conditions (TD2)Random testing (BS 7925-2:1998; Craig and Jaskiel 2002; Kaner 1988) uses a model of the input generation of random input values shall be chosen. The entire input domain shall be the test condition for random testing.
5.2.10.2 Derive Test Coverage Items (TD3)There are no recognised test coverage items for random testing.
5.2.10.3 Derive Test Cases (TD4)

following steps shall be used during test case derivation:a) Select an input distribution for the selection of test inputs;b) Generate random values for the test inputs based on the input distribution chosen in step a);
d) Repeat steps b) and c) until the required testing has been completed.
testing or some other measure of completion.
5.3 Structure-Based Test Design Techniques

5.3.1 Statement Testing

5.3.1.1 Derive Test Conditions (TD2)

test condition.
automated 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:

executed during testing;
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corresponding test inputs to the test basis;d) Repeat steps a) to c) until the required level of test coverage is achieved.
5.3.2 Branch Testing

5.3.2.1 Derive Test Conditions (TD2)

A branch is:
model; or

NOTE 1 Complete branch testing covering 100% of all branches requires all arcs (links or edges) in the control 
and exit points to a test item, depending on the level of test coverage required.
5.3.2.2 Derive Test Coverage Items (TD3)

same as the test conditions). Therefore, no further action is required at this step for this technique.
5.3.2.3 Derive Test Cases (TD4)The following steps shall be followed during test case derivation:

executed during testing;
inputs to the test basis;d) Repeat steps a) to c) until the required level of test coverage is achieved.NOTE 1 If there are no branches in the test item then a single test condition, test coverage item and test case is still required.
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5.3.3 Decision Testing

5.3.3.1 Derive Test Conditions (TD2)

in source code), to decide when to exit loops (e.g. while-loop in source code), and in case (switch) model shall be a test condition.
5.3.3.2 Derive Test Coverage Items (TD3)

5.3.3.3 Derive Test Cases (TD4)The following steps shall be followed during test case derivation:
executed during testing;
inputs to the test basis;d) Repeat steps a) to c) 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.

5.3.4 Branch Condition Testing

5.3.4.1 Derive Test Conditions (TD2)

derived. Decisions are points in the test item where two or more possible outcomes (and hence sub-simple selections (e.g. if-then-else in source code), for deciding when to exit loops (e.g. while-loop in source code), and for case statements (e.g. case-1-2-3-...-N in source code, also referred to as switch statements). In branch condition testing (BS 7925-2:1998), each decision shall be a test condition.
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 test coverage items.
5.3.4.3 Derive Test Cases (TD4)The following steps shall be followed during test case derivation:

executed during testing;
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decision and the decision outcomes;
inputs to the test basis;e) Repeat steps a) to d) until the required level of test coverage is achieved.NOTE If there are no decisions in the test item then a single test condition, test coverage item and test case is still required.

5.3.5 Branch Condition Combination Testing

5.3.5.1 Derive Test Conditions (TD2)

branch condition combination testing (BS 7925-2:1998), each decision shall be a test condition.
5.3.5.2 Derive Test Coverage Items (TD3)Each unique feasible combination of Boolean values of conditions within each decision shall be combinations consist of two individual Boolean outcomes of a single condition within a decision.
5.3.5.3 Derive Test Cases (TD4)The following steps shall be followed during test case derivation:

executed during testing;
conditions within the decision;

e) Repeat steps a) to d) until the required level of test coverage is achieved.NOTE If there are no decisions in the test item then a single test condition, test coverage item and test case is still required.
5.3.6.1 Derive Test Conditions (TD2)

5.3.6.2 Derive Test Coverage Items (TD3)Each unique feasible combination of individual Boolean values of conditions within a decision that 
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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:

executed during testing;
affect the outcome;

e) Repeat steps a) to d) until the required level of test coverage is achieved.NOTE If there are no decisions in the test item then a single test condition, test coverage item and test case is still required.
5.3.7 Data Flow Testing

5.3.7.1 Derive Test Conditions (TD2)

the variable’s value.
variable retaining the same value as it had before). A “use” is an occurrence of a variable in which the variable is not given a new value; “uses” can be further distinguished as either “p-uses” (predicate-use) or “c-uses” (computation-use). A p-use denotes the use of a variable in determining the outcome of a condition (predicate) within a decision, such as a while-loop, if- then- else, etc. A c-use occurs when a 

p-uses testing, all-uses testing, and all-du-paths testing.
5.3.7.2.1 Derive Test Coverage Items (TD3)
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5.3.7.2.2 Derive Test Cases (TD4)The following steps shall be followed during test case derivation:
to be exercised;
inputs to the test basis;d) Repeat steps a) to c) until the required level of test coverage is achieved.NOTE In practice, these steps could require automation.

5.3.7.3 All-C-Uses Testing

5.3.7.3.1 Derive Test Coverage Items (TD3)

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

inputs to the test basis;d) Repeat steps a) to c) until the required level of test coverage is achieved.
5.3.7.4 All-P-Uses Testing

5.3.7.4.1 Derive Test Coverage Items (TD3)

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

inputs to the test basis;d) Repeat steps a) to c) until the required level of test coverage is achieved.
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5.3.7.5 All-Uses Testing

5.3.7.5.1 Derive Test Coverage Items (TD3)

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

inputs to the test basis;d) Repeat steps a) to c) until the required level of test coverage is achieved.
5.3.7.6 All-DU-Paths Testing

5.3.7.6.1 Derive Test Coverage Items (TD3)

for the variable) is covered.NOTE All-du-paths testing requires all
one path 

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

inputs to the test basis;d) Repeat steps a) to c) until the required level of test coverage is achieved.
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5.4 Experience-Based Test Design Techniques

5.4.1 Error Guessing

5.4.1.1 Derive Test Conditions (TD2)

understanding of the test item(s) and/or similar test items or from the knowledge of other stakeholders (e.g. 
5.4.1.2 Derive Test Coverage Items (TD3)There are no recognised test coverage items for error guessing.
5.4.1.3 Derive Test Cases (TD4)

it existed. The following steps shall be used during test case derivation:

d) Repeat steps a) to c) until the required testing has been completed.
6 Test Coverage Measurement

6.1 Overview

Coverage = ×⎛
⎝
⎜

⎞
⎠
⎟

N

T
100 %where:
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coverage measures presented in the following clauses are designed to be used with the test design 
measuring the overall percentage of requirements that have been covered during testing.
6.2.1 Equivalence Partition Coverage

— Coverage is the equivalence partition coverage;

— T is the total number of classes.

— T is the total number of combinations of classes.
6.2.3 Boundary Value Analysis Coverage

6.2.4 Syntax Testing Coverage
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6.2.5 Combinatorial Test Design Technique Coverage

6.2.5.1 All Combinations Testing Coverage

— Coverage is all combinations coverage;
— T is the total number of unique P-V pair combinations (the product of the number of P-V pairs for each test item parameter).
6.2.5.2 Pair-wise Testing Coverage

— Coverage is pair-wise coverage;
— T is the total number of unique pairs of P-V pairs.
6.2.5.3 Each Choice Testing Coverage

— Coverage is each choice coverage;
— T is the total number of unique P-V pairs.
6.2.5.4 Base Choice Testing Coverage

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

6.2.6 Decision Table Testing Coverage

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

— Coverage is the cause/effect coverage;
— T is the total number of feasible decision rules.
6.2.8 State Transition Testing Coverage

— Coverage is all states coverage;
— T is the total number of states.
— Coverage is 0-switch coverage;
— T is the total number of single valid transitions.
— Coverage is all transitions transition coverage;

— Coverage is N-switch coverage;
— T is the total number of sequences of N+1 valid transitions.
6.2.9 Scenario Testing CoverageCoverage for scenario testing (including use case testing) shall be calculated using the following 
— Coverage is scenario coverage;
— T is the total number of scenarios.
6.2.10 Random Testing Coverage
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6.3 Test Measurement for Structure-Based Test Design Techniques

6.3.1 Statement Testing Coverage

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

— Coverage is branch coverage;
— T is the total number of branches.NOTE For situations where there are no branches in the test item, a single test is required to achieve 100% branch coverage.
6.3.3 Decision Testing Coverage

— Coverage is decision coverage;
— T is 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% decision coverage.
6.3.4 Branch Condition Testing Coverage

— Coverage is branch condition coverage;— N is the number of Boolean values of conditions within decisions plus the number of decision 
— T is the total number of Boolean values of conditions within decisions plus 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% branch condition coverage.
6.3.5 Branch Condition Combination Testing Coverage

— Coverage is branch condition combination coverage;
executed test cases;
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— T is the total number of unique combinations of Boolean values of conditions within decisions.NOTE For situations where there are no decisions in the test item, a single test is required to achieve 100% branch condition combination coverage.

— N is the number of unique feasible combinations of individual Boolean values of conditions within 
— T is the total number of unique combinations of individual Boolean values of conditions within 
NOTE For situations where there are no decisions in the test item, a single test is required to achieve 100% 
6.3.7 Data Flow Testing Coverage

cases;
6.3.7.2 All-C-Uses Testing Coverage

— Coverage is all-c-uses coverage;
6.3.7.3 All-P-Uses Testing Coverage

— Coverage is all-p-uses coverage;
6.3.7.4 All-Uses Testing Coverage

— Coverage is all-uses coverage;
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and c-use of that 
6.3.7.5 All-DU-Paths Testing Coverage

— Coverage is all-du-paths coverage;
and

6.4 Test Measurement for Experience-Based Testing Design Techniques

6.4.1 Error Guessing Coverage
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Annex A (informative) 
 

Testing Quality Characteristics

A.1 Quality Characteristics

A.1.1 Overview

test for each characteristic (see Clauses A.3 and A.4).Clause A.2presented in Figure A.1presented in Clause A.3based and structure-based test design techniques covered in this part of ISO/IEC/IEEE 29119 is explained in Clause A.4.

requirement.
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

could include a requirement for the test item to support visual and/or hearing impaired users.
http://www.w3.org/standards/> for more information.

A.2.2 Backup/Recovery Testing

the test item’s backup and the correctness of the restored state of the test item against its pre-failure 
A.2.5).

A.2.3 Compatibility Testing

multiple test items sharing a common environment.
requirements:— Order of installation. Explicit order(s) of installation (otherwise it should be assumed that all possible 
— Order of instantiation. Explicit order(s) of instantiation (otherwise it should be assumed that all 

A.2.4 Conversion TestingThe purpose of conversion testing is to determine whether data or software can continue to provide 

 

© ISO/IEC 2015 – All rights reserved 33© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 

http://www.w3.org/standards/


 

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

A.2.5 Disaster Recovery Testing

item can be transferred to a different operating site and whether it can be transferred back again once 

up to a remote location.
A.2.6 Functional TestingThe purpose of functional testing is to determine whether the functional requirements of the test item 

Clause 5.
A.2.7 Installability Testing

uninstallation or upgrade processes (as described in the installation manual or guidelines), the people to be installed, uninstalled or upgraded.
A.2.8 Interoperability Testing

design standards to which the test item must conform. This could include assessing whether a test separate environment.
A.2.9 Localization TestingThe purpose of localization 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 to) 
A.2.10 Maintainability Testing

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).
A.2.11 Performance-Related Testing

item in terms of transactions per second, throughput response times, round trip time and resource 
There are numerous techniques for assessing the performance of the test item:— Performance testing is aimed at assessing the performance of the test item when it is placed under 

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

be required to support anticipated future loads.

A.2.12 Portability Testing
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A.2.13 Procedure TestingThe 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 
— a user guide;— an instruction manual;— a user reference manual.
— set up the test item for normal usage;— operate the test item in normal conditions;
— trouble-shoot the test item when faults arise;
A.2.14 Reliability Testing

A.2.15 Security Testing

assessing whether the test item prevents unauthorised users from accessing data, or whether certain 

trace) that is left behind when users access private data.
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A.2.16 Usability Testing

related purpose and tasks it will aid), and the contexts of use for the test item (who is to use the test 

A.3 Mapping Quality Characteristics to Types of Testing

A.3.1 Mapping Clause A.2characteristics that were presented in Figure A.1 (in A.1.1).
Table A.1 — Mapping of ISO/IEC 25010 product quality characteristics to types of testing

Type of Testing Quality Characteristic Sub-Characteristics

Fault tolerance
Co-existenceConversion Testing Functional completenessFunctional correctnessFunctional appropriateness
Fault tolerance

Functional Testing Functional completenessFunctional correctnessFunctional appropriateness
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Type of Testing Quality Characteristic Sub-CharacteristicsLocalization Testing Functional completenessFunctional correctnessFunctional appropriateness
User error protectionUser interface aesthetics

Performance-Related Testing Time-behaviourResource utilisation

Procedure Testing None None
Fault tolerance
Non-repudiation

User error protectionUser interface aesthetics

 

Table A.1 (continued)
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A.4 Mapping Quality Characteristics to Test Design Techniques

A.4.1 Mapping

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 

product characteristics

Test Design Technique ISO/IEC 25010 Quality Characteristic ISO/IEC 25010 Sub-Characteristics

Functional completenessFunctional correctnessFunctional appropriatenessTime-behaviour
User error protectionFault tolerance

Cause-Effect Graphing Functional completenessFunctional correctnessFunctional appropriatenessUser error protectionCo-existenceFunctional completenessFunctional correctnessFunctional appropriatenessUser error protectionCombinatorial Test Design Techniques Functional completenessFunctional correctnessFunctional appropriatenessCo-existenceTime-behaviourUser error protectionDecision Table Testing Functional completenessFunctional correctnessFunctional appropriatenessCo-existenceUser error protection

 

© ISO/IEC 2015 – All rights reserved 39© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 



 

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

Test Design Technique ISO/IEC 25010 Quality Characteristic ISO/IEC 25010 Sub-CharacteristicsEquivalence Partitioning Functional completenessFunctional correctnessFunctional appropriatenessUser error protection
Non-repudiation

Random Testing Functional completenessFunctional correctnessFunctional appropriatenessPerformance Time behaviourResource utilisation
Fault tolerance
Non-repudiation

Scenario Testing Functional completenessFunctional correctnessFunctional appropriateness
User error protectionUser interface aesthetics

State Transition Testing Functional completenessFunctional correctnessFunctional appropriateness
Fault tolerance

 

Table A.2 (continued)
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Test Design Technique ISO/IEC 25010 Quality Characteristic ISO/IEC 25010 Sub-CharacteristicsFunctional completenessFunctional correctnessFunctional appropriateness
Use Case Testing Functional completenessFunctional correctnessFunctional appropriateness

User error protectionUser interface aesthetics
Structure-Based Test Design TechniquesBranch Condition Combina-tion Testing Functional completenessFunctional correctnessFunctional appropriatenessBranch Condition Testing Functional completenessFunctional correctnessFunctional appropriatenessBranch Testing Functional completenessFunctional correctnessFunctional appropriatenessData Flow Testing Functional completenessFunctional correctnessFunctional appropriatenessDecision Testing Functional completenessFunctional correctnessFunctional appropriatenessFunctional completenessFunctional correctnessFunctional appropriatenessStatement Testing Functional completenessFunctional correctnessFunctional appropriateness
Experience-Based Test Design Techniques

 

Table A.2 (continued)

© ISO/IEC 2015 – All rights reserved 41© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 



 

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

Test Design Technique ISO/IEC 25010 Quality Characteristic ISO/IEC 25010 Sub-CharacteristicsError Guessing Functional completenessFunctional correctnessFunctional appropriatenessTime-behaviourResource utilisation
User error protectionFault tolerance

 

Table A.2 (continued)
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Annex B (informative) 
 

Based Test Design Techniques

B.1.1 OverviewThis annex provides guidance on the requirements in 5.2 and 6.2
5.1, in practice most of the 

variables within program source code).
B.2.1 Equivalence Partitioning

B.2.1.1 IntroductionThe aim of equivalence partitioning is to derive a set of test cases that cover the input and output partitions of the test item according to the chosen level of equivalence partition coverage. Equivalence partitioning is based on the premise that the inputs and outputs of a test item can be partitioned into 

Consider a test item, generate_grading, with the following test basis:
The component receives an exam mark (out of 75) and a coursework (c/w) mark (out of 25) as input, 
from which it outputs a grade for the course in the range ‘A’ to ‘D’. The grade is generated by calculating 
the overall mark, which is the sum of the exam and c/w marks, as follows:  greater than or equal to 70 - ‘A’  greater than or equal to 50, but less than 70 - ‘B’  greater than or equal to 30, but less than 50 - ‘C’  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)
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B.2.1.4 Step 2: Derive Test Conditions (TD2)In equivalence partitioning, the equivalence partitions are test conditions (TCOND). Equivalence outputs are considered.
valid TCOND1: (for FS1) TCOND2: (for FS1)The most obvious invalid TCOND3: (for FS1) TCOND4: exam mark > 75 (for FS1)TCOND5: (for FS1)TCOND6: coursework mark > 25 (for FS1)

Figure B.1 — Input “exam mark”And for the input, coursework mark, we get:

Figure B.2 — Input “coursework mark”

and non-numeric inputs. So, we could generate the following invalid input equivalence partitions: TCOND7: (for FS1) TCOND8: (for FS1)TCOND9: (for FS1)TCOND10: (for FS1)TCOND11: (for FS1)TCOND12: (for FS1)
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 TCOND13: (for FS1) TCOND14: (for FS1)TCOND15: (for FS1)TCOND16: (for FS1)TCOND17: (for FS1)TCOND18: (for FS1)TCOND19: (for FS1)
output as it is a  output.

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

theyoccur (this is described in 5.2.1.1 NOTE 2). TCOND20: in error for total marks from 0 to 15 (for FS1)
TCOND21: in error for total marks from 90 to 100 (for FS1)
TCOND22: (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 
 TCOVER1: (for TCOND1)TCOVER2: (for TCOND2)
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TCOVER3: (for TCOND3)TCOVER4: exam mark > 75 (for TCOND4)TCOVER5: (for TCOND5)TCOVER6: coursework mark > 25 (for TCOND6)TCOVER7: (for TCOND7)TCOVER8: (for TCOND8)TCOVER9: (for TCOND9)TCOVER10: (for TCOND10)TCOVER11: (for TCOND11)TCOVER12: (for TCOND12)TCOVER13: (for TCOND13)TCOVER14: (for TCOND14)TCOVER15: (for TCOND15)TCOVER16: (for TCOND16)TCOVER17: (for TCOND17)TCOVER18: (for TCOND18)TCOVER19: (for TCOND19)TCOVER20: (for TCOND20)TCOVER21: (for TCOND21)TCOVER22: (for TCOND22)
B.2.1.6 Step 4: Derive Test Cases (TD4)

B.2.1.6.1 Options

to “hit” each test coverage item. Two common approaches for test case design are one-to-one and minimized equivalence partitioning (other approaches to selecting combinations of test coverage 5.2.5
The preconditions of all test cases for the generate_grading function are the same: that the application 
B.2.1.6.2 Option 4a: Derive Test Cases for One-to-One Equivalence Partitioning (TD4)

The test cases corresponding to partitions derived from the input exam mark are shown below. Note 
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tested) has been carried out for all test cases in this clause.
Table B.1 — Test cases for input exam markTest Case 1 2 3Input (exam mark) 60 -10 93Input (c/w mark) 15 15 15total mark (as calculated) 75 5 108Test Coverage Item TCOVER1 TCOVER3 TCOVER4Partition tested (of exam mark) e > 75Exp. OutputThe test cases corresponding to partitions derived from the input coursework mark are:

Table B.2 — Test cases for input coursework markTest Case 4 5 6Input (exam mark) 40 40 40Input (c/w mark) 20 -15 47total mark (as calculated) 60 25 87Test Coverage Item TCOVER2 TCOVER5 TCOVER6Partition tested (of c/w mark) c > 25Exp. OutputThe test cases corresponding to partitions derived from possible invalid inputs are:
Table B.3 — Test cases for invalid inputs for exam markTest Case 7 8 9Input (exam mark) 60.5 Q $Input (c/w mark) 15 15 15total mark (as calculated) 75.5 not applicable not applicableTest Coverage Item TCOVER7 TCOVER8 TCOVER9Partition tested real number with fractional part alphabetic special charExp. Output

Table B.4 — Test cases for invalid inputs for coursework markTest Case 10 11 12Input (exam mark) 40 40 40Input (c/w mark) 20.23 Gtotal mark (as calculated) 60.23 not applicable not applicableTest Coverage Item TCOVER10 TCOVER11 TCOVER12Partition tested  real number with fractional part -betic char
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Test Case 10 11 12Exp. OutputThe test cases corresponding to partitions derived from the valid outputs are:
Table B.5 — Test cases for valid output total markTest Case 13 14 15Input (exam mark) 60 44 32Input (c/w mark) 20 22 13total mark (as calculated) 80 66 45Test Coverage Item TCOVER13 TCOVER14 TCOVER15Partition tested (of total mark)Exp. Output
Table B.6 — Test cases for valid output total markTest Case 16 17 18Input (exam mark) 12 80 -10Input (c/w mark) 5 60 -10total mark (as calculated) 17 140 -20Test Coverage Item TCOVER16 TCOVER17 TCOVER18Partition tested (of total mark) t > 100Exp. OutputThe input values of exam mark and coursework mark have been derived from total mark, which is their sum.The test cases corresponding to partitions derived from the invalid outputs are:

Table B.7 — Test cases for invalid output total markTest Case 19 20 21 22Input (exam mark) 47.3 5 72 NullInput (c/w mark) 5 23 Nulltotal mark (as calculated) - 10 95 -Test Coverage Item TCOVER19 TCOVER20 TCOVER21 TCOVER22Partition tested (output)Partition (of total mark) - -Exp. Output
values (e.g. test cases 2, 3, 5-12, and 17-22 in the example above). For instance, in the Ada programming language, if the input variable is declared as a positive integer then it will not be possible to assign a negative value to it. Despite this, it is still worthwhile considering all the test cases for completeness.
B.2.1.6.3 Option 4b: Derive Test Cases for Minimized Equivalence Partitioning (TD4)It can be seen above that several of the test cases are similar, such as test cases 1 and 13, where the 

 

Table B.4 (continued)
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partitions and one output partition. Thus it is possible to generate a smaller “minimized” test set that one partition.The following test suite of twelve test cases corresponds to the minimized equivalence partitioning 
Table B.8 — Minimized test casesTest Case 1 2 3 4Input (exam mark) 60 50 35 19Input (c/w mark) 20 16 10 8total mark (as calculated) 80 66 45 27Test Coverage Items TCOVER1,TCOVER2,TCOVER13

TCOVER1,TCOVER2,TCOVER14
TCOVER1,TCOVER2,TCOVER15

TCOVER1,TCOVER2,TCOVER16Partition (of exam mark)Partition (of c/w mark)Partition (of total mark)Exp. Output
Table B.9 — Minimized test casesTest Case 5 6 7 8Input (exam mark) -10 93 60.5 QInput (c/w mark) -15 47 20.23 Gtotal mark (as calculated) -25 140 80.73 -Test Coverage Items TCOVER3,TCOVER5,TCOVER18

TCOVER4,TCOVER6,TCOVER17
TCOVER7,TCOVER10,TCOVER13,TCOVER19

TCOVER8,TCOVER11,TCOVER19
Partition (of exam mark) e > 75 with fractional partPartition (of c/w mark) c > 25 with fractional partPartition (of total mark) t > 100 -Exp. Output

Table B.10 — Minimized test casesTest Case 9 10 11 12Input (exam mark) $ 5 72Input (c/w mark) 5 23total mark (as calculated) - 10 95 -
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Test Case 9 10 11 12Test Coverage Items TCOVER9,TCOVER12,TCOVER19
TCOVER1,TCOVER2,TCOVER16,TCOVER20

TCOVER1,TCOVER2,TCOVER13,TCOVER21
TCOVER19,TCOVER22

Partition (of exam mark) -Partition (of c/w mark) -Partition (of total mark) - -Partition (of output) -Exp. OutputThe one-to-one and minimized approaches represent two different approaches that can be used for 
conditions. On the other hand, the disadvantage of the one-to-one approach is that it requires more test cases and if this causes problems, a more minimalist approach can be used. The disadvantage of the several new partitions being exercised at the same time. Therefore, a common approach is to combine to-one equivalence partitioning to design invalid test cases.
B.2.1.7 Step 5: Assemble Test Sets (TD5)

B.2.1.7.1 Options

manual testing and one for automated testing.
B.2.1.7.2 Option 5a: Assemble Test Set for One-to-One Equivalence Partitioning (TD5)  TS2: Automated Testing – TEST CASES 1, 4, 13, 14, 15, 16, 20, 21.
B.2.1.7.3 Option 5b: Assemble Test Set for Minimized Equivalence Partitioning (TD5)  TS4: Automated Testing – TEST CASES 1, 2, 3, 4, 10, 11.
B.2.1.8 Step 6: Derive Test Procedures (TD6)

B.2.1.8.1 OptionsTest procedures for one-to-one and minimized equivalence partitioning can now be derived.
B.2.1.8.2 Option 6a: Derive Test Procedures for One-to-One Equivalence Partitioning (TD6)For the manual test cases in test set TS1 for one-to-one equivalence partitioning, one test procedure 

 

Table B.10 (continued)
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For the automated test cases in one-to-one test set TS2, one test script could be written to execute all test cases in the test set, as follows:
For the automated test procedures TP2, automation code that implements the procedure would need to be written in test automation scripts.
B.2.1.8.3 Option 6b: Derive Test Procedures for Minimized Equivalence Partitioning (TD6)

For the automated test cases in minimized test set TS4, one test script could be written to execute all test cases in the test set, as follows:
B.2.1.9 Equivalence Partition CoverageUsing the formula provided in 6.2.1 and the test coverage items derived above:

Coverage one to one EP( _ ) % %− − = × =
22

22
100 100

Coverage minimized_EP( ) % %= × =
12

12
100 100Thus, 100% equivalence partition coverage was achieved for both one-to-one and minimized 

B.2.2.1 Introduction

tester with test design.
Consider the test basis for a test item travel_preference, which records the travel preferences of staff of an preferences is chosen through a series of radio buttons, which consist of the following input value choices:

Destination = Adelaide, Brisbane, Canberra, Darwin, Hobart, Melbourne, Perth, Sydney

Class = First Class, Business Class, Economy

Seat = Aisle, Window
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Meal Preference = diabetic, gluten free, lacto-ovo vegetarian, low fat/cholesterol, low lactose, vegan 
vegetarian, standard

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

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

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

each input parameter. TCOND1: Destination (for FS1) TCOND2: Class (for FS1) TCOND3: Seat (for FS1) TCOND4: (for FS1)NOTE 1 Invalid test conditions could also be derived, though these are not demonstrated in this example.
   

B.2.2.5 Step 3: Derive Test Coverage Items (TD3)
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tree to demonstrate which classes are combined to form each test coverage item (e.g. see Figure B.5 
If we assume that the chosen combination approach is “minimized”, in which each test coverage item 

Destination

Adelaide Brisbane Canberra Darwin Hobart PerthMelbourne Sydney
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gluten 

free

low fat /  

cholesterol

low 

lactose

Meal Preference

Vegetarian

lacto-

ovo

vegan

1

2

3

4

5

6

7

8

Cl
as

si
�ic

at
io

n 
Tr

ee
Te

st
 C

ov
er

ag
e 

It
em

s

standard

travel_preference

diabetic

In this example, all test coverage items cover all test conditions.
B.2.2.6 Step 4: Derive Test Cases (TD4)

a test case and populating it with test input values that cover the classes of that combination. This is 
“Booking accepted”.

Test Case Input Values Expected Result Test Coverage ItemDestination Class Seat1 Adelaide First Aisle lacto-ovo Booking accepted TCOVER12 Brisbane Business Window vegan Booking accepted TCOVER23 Canberra Aisle diabetic Booking accepted TCOVER34 Darwin First Window gluten free Booking accepted TCOVER45 Hobart Business Aisle low fat/cholesterol Booking accepted TCOVER56 Window low lactose Booking accepted TCOVER6
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Test Case Input Values Expected Result Test Coverage ItemDestination Class Seat7 Perth First Aisle standard Booking accepted TCOVER78 Business Window lacto-ovo Booking accepted TCOVER8
B.2.2.7 Step 5: Assemble Test Sets (TD5)

combined into the one test set.TS1: TEST CASES 1, 2, 3, 4, 5, 6, 7, 8
B.2.2.8 Step 6: Derive Test Procedures (TD6)Since all test cases are in the one test set, we can derive one test procedure.
Using the formula provided in 6.2.2 and the test coverage items derived above:

Coverage classification tree method( _ _ ) % %= × =
8

8
100 100

B.2.3 Boundary Value Analysis

B.2.3.1 Introduction

is based on the following premises. First, that the inputs and outputs of a test item can be partitioned item; second, that the members of some partitions can be ordered from lowest to highest with no prone element of software development. Test cases are generated to exercise these boundaries.The following is an example of three-value boundary testing with one-to-one test cases (see 5.2.3.2 and 5.2.3.3equivalence class.
Consider a test item, generate_grading, with the following test basis:
The component receives an exam mark (out of 75) and a coursework (c/w) mark (out of 25) as input, from 
which it outputs a grade for the course in the range ‘A’ to ‘D’. The grade is generated by calculating the 
overall mark, which is the sum of the exam and c/w marks, as follows:  greater than or equal to 70 - ‘A’  greater than or equal to 50, but less than 70 - ‘B’

 

Table B.11 (continued)
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  greater than or equal to 30, but less than 50 - ‘C’  less than 30 - ‘D’

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

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

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

B.2.3.4.1 Sub-steps

step 2b below).
B.2.3.4.2 Step 2a: Identify Equivalence Partitions

The following valid EP1: (for FS1) EP2: (for FS1)The most obvious invalid EP3: exam mark > 75 (for FS1) EP4: (for FS1)EP5: coursework mark > 25 (for FS1)EP6: (for FS1)
 EP3: (for FS1) EP4: (for FS1)EP5: (for FS1)EP6: (for FS1)

 

© ISO/IEC 2015 – All rights reserved 55© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 



 

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

Figure B.6 — Equivalence partitions and boundaries of exam markAnd for the input, coursework mark, we get:

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

partition, for instance, non-integer inputs or perhaps non-numeric inputs. This aspect of equivalence could be relevant. In order to be considered an equivalence partition, all values within a partition 
 EP7: (for FS1) EP8: (for FS1)EP9: (for FS1)EP10: (for FS1)EP11: (for FS1)EP12: (for FS1)
test coverage items or test cases need to be derived for them for this technique.

valideach of the valid outputs for the test item thus: EP13: (for FS1) EP14: (for FS1)EP15: (for FS1)EP16: (for FS1)EP17: (for FS1)EP18: (for FS1)
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minimum values. Assuming the output is stored in integers held in sixteen bits from -32768 to 32767, 
EP17: (for FS1)EP18: (for FS1)

for total mark are shown in Figure B.8:

Figure B.8 — Equivalence partitions and boundaries of total markAn invalid

B.2.3.4.3 Step 2b: Derive Test Conditions

For the valid

TCOND1: (for EP1 and EP4)TCOND2: (for EP1 and EP3)TCOND3: (for EP2 and EP6)TCOND4: (for EP2 and EP5)For the validTCOND5: (for EP16 and EP18)TCOND6: (for EP15 and EP16)TCOND7: (for EP15 and EP16)TCOND8: (for EP14 and EP15)TCOND9: (for EP14 and EP15)
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TCOND10: (for EP13 and EP14)TCOND11: (for EP13 and EP14)TCOND12: (for EP13 and EP17)For the invalidTCOND13: (for EP3)TCOND14: (for EP4)TCOND15: (for EP5)TCOND16: (for EP6)
invalidTCOND17: (for EP17)TCOND18: (for EP17)TCOND19: (for EP18)TCOND20: (for EP18)

B.2.3.5 Step 3: Derive Test Coverage Items (TD3)

Figure B.9:
boundary boundary

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

consideration. TCOVER1: (from TCOND1) TCOVER2: (from TCOND1) TCOVER3: (from TCOND1) TCOVER4: (from TCOND2)
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 TCOVER5: (from TCOND2) TCOVER6: (from TCOND2) TCOVER7: (from TCOND3) TCOVER8: (from TCOND3) TCOVER9: (from TCOND3) TCOVER10: (from TCOND4) TCOVER11: (from TCOND4) TCOVER12: (from TCOND4)
 TCOVER13:  TCOVER14: TCOVER15: (from TCOND5) TCOVER16: (from TCOND6) TCOVER17: TCOVER18: TCOVER19: (from TCOND7) TCOVER20: (from TCOND8) TCOVER21:  TCOVER22:  TCOVER23: (from TCOND9) TCOVER24: (from TCOND10)TCOVER25:TCOVER26: TCOVER27: (from TCOND11)TCOVER28: (from TCOND12)TCOVER29: TCOVER30:

 TCOVER31: (from TCOND13)
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 TCOVER32: (from TCOND13) TCOVER33: (from TCOND13) TCOVER34: (from TCOND14) TCOVER35: (from TCOND14) TCOVER36: (from TCOND14) TCOVER37: (from TCOND15) TCOVER38: (from TCOND15) TCOVER39: (from TCOND15) TCOVER40: (from TCOND16) TCOVER41: (from TCOND16) TCOVER42: (from TCOND16) TCOVER43: (from TCOND17) TCOVER44: (from TCOND18) TCOVER45: (from TCOND18) TCOVER46: (from TCOND18) TCOVER47: (from TCOND19) TCOVER48: (from TCOND20) TCOVER49: (from TCOND20) TCOVER50: (from TCOND20)
B.2.3.6 Step 4: Derive Test Cases (TD4)Test cases can now be derived to cover the required percentage of test coverage items that were 
derive the minimum number of test cases required to cover all test coverage items.The preconditions of all test cases for the generate_grading function are the same: the application is 
is used to derive test cases, then six test cases can be derived for the input exam mark, as shown in Table B.12the test case; and third, determining the expected result of the test.

Table B.12 — Boundary values for exam markTest Case 1 2 3 4 5 6Input (exam mark) -1 0 1 74 75 76Input (c/w mark) 15 15 15 15 15 15
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Test Case 1 2 3 4 5 6total mark (as calculated) 14 15 16 89 90 91Test Coverage Item 1 2 3 4 5 60 75Exp. Output
cases are focused on exercising the input exam mark boundaries.And the test cases derived from the input coursework mark are:

Table B.13 — Boundary values for coursework markTest Case 7 8 9 10 11 12Input (exam mark) 40 40 40 40 40 40Input (c/w mark) -1 0 1 24 25 26total mark (as calculated) 39 40 41 64 65 66Test Coverage Item 7 8 9 10 11 120 25Exp. Output
The test cases derived from the outputs are:

Table B.14 — Test cases for total markTest Case 13 14 15 16 17 18 19Input (exam mark) -1 0 0 28 29 15 6Input (c/w mark) 0 0 1 0 0 15 25total mark (as calculated) -1 0 1 28 29 30 31Test Coverage Item 13 14 15 16 17 18 190 29 29, 30 30Exp. Output
Table B.15 — Test cases for total markTest Case 20 21 22 23 24 25 26 27Input (exam mark) 23 24 50 26 48 49 45 71Input (c/w mark) 25 25 0 25 20 20 25 048 49 50 51 68 69 70 71Test Coverage Item 20 21 22 23 24 25 26 2749 49, 50 50 69 69, 70 70Exp. Output

 

Table B.12 (continued)
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Table B.16 — Test cases for total markTest Case 28 29 30Input (exam mark) 74 75 75Input (c/w mark) 25 25 2699 100 101Test Coverage Item 28 29 30100 100, 101Exp. OutputThe input values of exam mark and coursework mark have been derived from total mark, which is their sum.The following test cases are required to cover the remaining test coverage items TCOVER31 to TCOVER50, 
Table B.17 — Test cases for exam markTest Case 31 32 33 34 35 36Input (exam mark) 32766 32767 32768 -32769 -32768 -32767Input (c/w mark) 15 15 15 15 15 15total mark (as calculated) 32781 32782 32783 -32754 -32753 -32752Test Coverage Item 31 32 33 34 35 3632767 -32768Exp. Output

Table B.18 — Test cases for coursework markTest Case 37 38 39 40 41 42Input (exam mark) 40 40 40 40 40 40Input (c/w mark) 32766 32767 32768 -32769 -32768 -32767total mark (as calculated) 32806 32807 32808 -32729 -32728 -32727Test Coverage Item 37 38 39 40 41 4232767 -32768Exp. Output
Table B.19 — Test cases for total markTest Case 43 44 45 46 47 48 49 50Input (exam mark) 75 16383 32767 1 -1 0 -16384 -32766Input (c/w mark) 27 16383 0 32767 -1 -32769 -16384 -1102 32766 32767 32768 -2 -32769 -32768 -32767Test Coverage Item 43 44 45 46 47 48 49 50101 32767 1 -32768Exp. OutputIt should be noted that when invalid input values are used (as above, in test cases 1, 6, 7, 12, 13, and instance, in the Ada programming language, if the input variable is declared as a positive integer then it 
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will not be possible to assign a negative value to it. Despite this, it is still worthwhile considering all the test cases for completeness.
would be misleading.
B.2.3.7 Step 5: Assemble Test Sets (TD5)

we can generate two test sets (TS); one for manual testing and one for automated testing.  TS2: Automated Testing – TEST CASES 2, 3, 4, 5, 8, 9, 10, 11 and 14 to 29.
B.2.3.8 Step 6: Derive Test Procedures (TD6)

For the automated test cases in test set TS2, one test script could be written to execute all test cases in the test set, as follows:
For the automated test procedure TP2, automation code to execute the procedure would need to be written.
B.2.3.9 Boundary Value Analysis CoverageUsing the formula provided in 6.2.3 and the test coverage items derived above:

Coverage boundary value analysis( _ _ ) % %= × =
50

50
100 100

B.2.4 Syntax Testing

B.2.4.1 Introduction

check_res, which takes the form “valid” or “invalid” dependent on the result of its check.  in Backus Naur Form (BNF):
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characters that make up the input to the test item.  separates alternatives.  surrounds an optional item, that is, one for which nothing is an alternative. or more times.
B.2.4.3 Step 1: Identify Feature Sets (TD1)

      FS1:      
B.2.4.4 Step 2: Derive Test Conditions (TD2)

 TCOND1 TCOND2TCOND3TCOND4
B.2.4.5 Step 3: Derive Test Coverage Items (TD3)

5.2.4.2“mutations”).
There are three test coverage items that can be derived for the “+” and “-” signs of TCOND2: TCOVER1: there is no “+” or “-” sign TCOVER2: there is a “+” sign TCOVER3: there is a “-” sign 

 has two test coverage items: TCOVER4: nat is a single digit number TCOVER5: nat is a multiple digit number
 has ten options: TCOVER6: integer is a “0”  TCOVER7: integer is a “1”
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TCOVER8: integer is a “2”TCOVER9: integer is a “3”TCOVER10: integer is a “4”TCOVER11: integer is a “5”TCOVER12: integer is a “6” TCOVER13: integer is a “7”TCOVER14: integer is an “8”TCOVER15: integer is a “9”
can be applied to the test conditions. A possible checklist is: m1. introduce an invalid value for an element;

m4. add an extra element.
intending to target.
 TCOVER16: ” (for TCOND1) TCOVER17: ” (for TCOND1)TCOVER18: ” (for TCOND1)TCOVER19: “ ” ” ” ” (for TCOND2)TCOVER20: ” (for TCOND2)TCOVER21: ” (for TCOND1)TCOVER22: “ ” ” ” ”TCOVER23: ” for “ ” (for TCOND1)TCOVER24: “ ” ” ” ” for “ ”TCOVER25: ” for second “ ” (for TCOND1)TCOVER26: “ ” ” ” ” for second “ ” (for TCOND1)TCOVER27: ” for “ “ ” ” ” ”TCOVER28: ” for “ ”TCOVER29: “ ” ” ” ” for “ ”
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TCOVER30: ” (for TCOND1)TCOVER31: ” (for TCOND1)TCOVER32: ” (for TCOND1)TCOVER33: ” (for TCOND1)TCOVER34: ” (for TCOND1)TCOVER35: ” (for TCOND1)TCOVER36: ” (for TCOND1)TCOVER37: ” and “ “ ” ” ” ”TCOVER38:TCOVER39: (for TCOND1)
B.2.4.6 Step 4: Derive Test Cases (TD4)

res’). The resulting valid test cases are:
Table B.20 — Valid test cases for syntax testingTest Case Test Coverage ItemTC 1 3e2 TCOVER1TC 2 +2e+5 TCOVER2TC 3 -6e-7 TCOVER3TC 4 6e-2 TCOVER4TC 5 1234567890e3 TCOVER5TC 6 0e0 TCOVER6TC 7 1e1 TCOVER7TC 8 2e2 TCOVER8TC 9 3e3 TCOVER9TC 10 4e4 TCOVER10TC 11 5e5 TCOVER11TC 12 6e6 TCOVER12TC 13 7e7 TCOVER13TC 14 8e8 TCOVER14TC 15 9e9 TCOVER15

cases, for example, 2, 3 and 5 above), and some test cases will exercise more options than the single 
of failures are located.
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res’). The resulting invalid test cases are:
Table B.21 — Invalid test cases for syntax testingTest Case Test Coverage ItemTC 16 xe0 m1 TCOVER16TC 17 0x0 m1 TCOVER17TC 18 0ex m1 TCOVER18TC 19 x0e0 m1 TCOVER19TC 20 +xe0 m1 TCOVER20TC 21 ee0 m2 TCOVER21TC 22 +e0 m2 TCOVER22TC 23 000 m2 TCOVER23TC 24 0+0 m2 TCOVER24TC 25 0ee m2 TCOVER25TC 26 0e+ m2 TCOVER26TC 27 e0e0 m2 TCOVER27TC 28 +ee0 m2 TCOVER28TC 29 ++e0 m2 TCOVER29TC 30 e0 m3 TCOVER30TC 31 00 m3 TCOVER31TC 32 0e m3 TCOVER32TC 33 m4 TCOVER33TC 34 m4 TCOVER34TC 35 m4 TCOVER35TC 36 m4 TCOVER36TC 37 m4 TCOVER37TC 38 m4 TCOVER38TC 39 m4 TCOVER39

discarded. For example, the generic mutation m2 (substitute TCOND2 for TCOND4) generates correct the same (int).
same input as generated for test case 26 from Table B.21.
combining mutations.
B.2.4.7 Step 5: Assemble Test Sets (TD5)

 TS1: TEST CASE 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15
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TS2: TEST CASE 16, 17, 18, 19, 20, 21, 22, 23, 24, 24, 25, 26, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39
B.2.4.8 Step 6: Derive Test Procedures (TD6)All test cases could be assembled into the one test procedure, starting with the valid test cases, and ending with the invalid test cases. test sets.
B.2.4.9 Syntax Testing CoverageAs stated in 6.2.4
B.2.5 Combinatorial Test Design Techniques

B.2.5.1 Introduction

minimal) number of test cases that cover the chosen set of parameters and input values of the test 
demonstrated through the application of one example. Since each technique shares common steps in 
unique to each combinatorial technique.
Consider the test basis for a test item travel_preference, which records the travel preferences of of travel preferences is chosen through three sets of radio buttons, which consist of the following input value choices: Destination = Paris, London, Sydney Class = First, Business, Economy Seat = Aisle, Window

B.2.5.3 Step 1: Identify Feature Sets (TD1)

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

in one P-V pair. This is repeated until all parameters are paired with their corresponding values. For the example above, this results in the following P-V pairs: TCOND1: Destination – Paris (for FS1)
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 TCOND2: Destination – London (for FS1)TCOND3: (for FS1)TCOND4: Class – First (for FS1)TCOND5: Class – Business (for FS1)TCOND6: (for FS1)TCOND7: Seat – Aisle (for FS1)TCOND8: Seat – Window (for FS1)
B.2.5.5 All Combinations

B.2.5.5.1 Step 3: Derive Test Coverage Items (TD3)In all combinations testing, the test coverage items are the unique combinations of P-V pairs, made up 
 TCOVER1: Destination – Paris, Class – First, Seat – Aisle (for TCOND 1, 4, 7) TCOVER2: Destination – Paris, Class – First, Seat – Window (for TCOND 1, 4, 8)TCOVER3: Destination – Paris, Class – Business, Seat – Aisle (for TCOND 1, 5, 7)TCOVER4: Destination – Paris, Class – Business, Seat – Window (for TCOND 1, 5, 8)TCOVER5: Destination – Paris, Seat – Aisle (for TCOND 1, 6, 7)TCOVER6: Destination – Paris, Seat – Window (for TCOND 1, 6, 8)TCOVER7: Destination – London, Class – First, Seat – Aisle (for TCOND 2, 4, 7)TCOVER8: Destination – London, Class – First, Seat – Window (for TCOND 2, 4, 8)TCOVER9: Destination – London, Class – Business, Seat – Aisle (for TCOND 2, 5, 7)TCOVER10: Destination – London, Class – Business, Seat – Window (for TCOND 2, 5, 8)TCOVER11: Destination – London, Seat – Aisle (for TCOND 2, 6, 7)TCOVER12: Destination – London, Seat – Window (for TCOND 2, 6, 8)TCOVER13: Class – First, Seat – Aisle (for TCOND 3, 4, 7)TCOVER14: Class – First, Seat – Window (for TCOND 3, 4, 8)TCOVER15: Class – Business, Seat – Aisle (for TCOND 3, 5, 7)TCOVER16: Class – Business, Seat – Window (for TCOND 3, 5, 8)TCOVER17: Seat – Aisle (for TCOND 3, 6, 7)TCOVER18: Seat – Window (for TCOND 3, 6, 8)
B.2.5.5.2 Step 4: Derive Test Cases (TD4)

 

© ISO/IEC 2015 – All rights reserved 69© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 



 

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

repeating until the required coverage is achieved. In this example, this results in the following test cases:
Table B.22 — Test cases for all combinations testing

Test Case # Input Values Expected Result Test Coverage ItemDestination Class Seat1 Paris First Aisle Accept TCOVER12 Paris First Window Accept TCOVER23 Paris Business Aisle Accept TCOVER34 Paris Business Window Accept TCOVER45 Paris Aisle Accept TCOVER56 Paris Window Accept TCOVER67 London First Aisle Accept TCOVER78 London First Window Accept TCOVER89 London Business Aisle Accept TCOVER910 London Business Window Accept TCOVER1011 London Aisle Accept TCOVER1112 London Window Accept TCOVER1213 First Aisle Accept TCOVER1314 First Window Accept TCOVER1415 Business Aisle Accept TCOVER1516 Business Window Accept TCOVER1617 Aisle Accept TCOVER1718 Window Accept TCOVER18
B.2.5.5.3 Step 5: Assemble Test Sets (TD5)

This would result in the following test sets. TS1: TEST CASES 1, 3, 5, 7, 9, 11, 13, 15, 17 TS2: TEST CASES 2, 4, 6, 8, 10, 12, 14, 16, 18
B.2.5.5.4 Step 6: Derive Test Procedures (TD6)

  
B.2.5.5.5 All Combinations Testing CoverageUsing the formula provided in 6.2.5.1 and the test coverage items derived above:

Coverage all combinations( ) % %− = × =
18

18
100 100Thus, 100% coverage of test coverage items for all-combinations testing has been achieved.

 

70 © ISO/IEC 2015 – All rights reserved© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 



 

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

B.2.5.6 Pair-wise Testing

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

parameters. For the travel_preference TCOVER1: Paris, First (for TCOND1, TCOND4) TCOVER2: Paris, Business (for TCOND1, TCOND5) TCOVER3: (for TCOND1, TCOND6) TCOVER4: London, First (for TCOND2, TCOND4) TCOVER5: London, Business (for TCOND2, TCOND5) TCOVER6: (for TCOND2, TCOND6) TCOVER7: (for TCOND3, TCOND4) TCOVER8: (for TCOND3, TCOND5)TCOVER9: (for TCOND3, TCOND6)TCOVER10: Paris, Aisle (for TCOND1, TCOND7)TCOVER11: Paris, Window (for TCOND1, TCOND8)TCOVER12: London, Aisle (for TCOND2, TCOND7)TCOVER13: London, Window (for TCOND2, TCOND8)TCOVER14: (for TCOND3, TCOND7)TCOVER15: (for TCOND3, TCOND8)TCOVER16: First, Aisle (for TCOND4, TCOND7)TCOVER17: First, Window (for TCOND4, TCOND8)TCOVER18: Business, Aisle (for TCOND5, TCOND7)TCOVER19: Business, Window (for TCOND5, TCOND8)TCOVER20: (for TCOND6, TCOND7)TCOVER21: (for TCOND6, TCOND8)
B.2.5.6.2 Step 4: Derive Test Cases (TD4)

different parameters are included in at least one test case. In this example, three P-V pairs can be included in all test cases.
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Table B.23 — Test cases pair-wise testingTest Case # Input Values Expected Result Test Coverage ItemsDestination Class Seat1 Paris First Aisle Accept TCOVER1, TCOVER10, TCOVER162 Paris Business Window Accept TCOVER2, TCOVER11, TCOVER193 Paris Aisle Accept TCOVER3, TCOVER10, TCOVER204 London First Aisle Accept TCOVER4, TCOVER12, TCOVER165 London Business Window Accept TCOVER5, TCOVER13, TCOVER196 London Aisle Accept TCOVER6, TCOVER12, TCOVER207 First Window Accept TCOVER7, TCOVER15, TCOVER178 Business Aisle Accept TCOVER8, TCOVER14, TCOVER189 Window Accept TCOVER9, TCOVER15, TCOVER21
B.2.5.6.3 Step 5: Assemble Test Sets (TD5)

the one test set, as follows.TS1: TEST CASES 1, 2, 3, 4, 5, 6, 7, 8, 9
B.2.5.6.4 Step 6: Derive Test Procedures (TD6)

B.2.5.6.5 Pair-wise Testing CoverageUsing the formula provided in 6.2.5.2 and the test coverage items derived above:
Coverage pairwise( ) % %= × =

21

21
100 100Thus, 100% coverage of test coverage items for pair-wise testing has been achieved.

B.2.5.7 Each Choice Testing

B.2.5.7.1 Step 3: Derive Test Coverage Items (TD3)In each choice (or 1-wise) testing, the test coverage items are the set of P-V pairs. Thus, for the travel_
preference TCOVER1: Destination – Paris (for TCOND1) TCOVER2: Destination – London (for TCOND2) TCOVER3: (for TCOND3) TCOVER4: Class – First (for TCOND4) TCOVER5: Class – Business (for TCOND5) TCOVER6: (for TCOND6)
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TCOVER7: Seat – Aisle (for TCOND7)TCOVER8: Seat – Window (for TCOND8)
B.2.5.7.2 Step 4: Derive Test Cases (TD4)

expected result and repeating until all P-V pairs are included in at least one test case. For this example, 
Table B.24 — Test cases for each choice testingTest Case # Input Values Expected Result Test Coverage ItemsDestination Class Seat1 Paris First Aisle Accept TCOVER1, TCOVER4, TCOVER72 London Business Window Accept TCOVER2, TCOVER5, TCOVER83 Aisle Accept TCOVER3, TCOVER6, TCOVER7Note that other test cases could be derived that would also achieve the required level of coverage.

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

into the one test set.TS1: TEST CASES 1, 2, 3
B.2.5.7.4 Step 6: Derive Test Procedures (TD6)Since all test cases are in the one test set, we can derive one test procedure.
B.2.5.7.5 Each Choice Testing CoverageUsing the formula provided in 6.2.5.3 and the test coverage items derived above:

Coverage each choice( _ ) % %= × =
8

8
100 100Thus, 100% coverage of test coverage items for each choice testing has been achieved.

B.2.5.8 Base Choice Testing

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

path in use case testing or from the test coverage items that are derived during equivalence partitioning. the base choice: TCOVER1: Destination – London, Seat – Window (covers TCOND2, 
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TCOVER2 Destination – Paris, Seat – Window (covers TCOND1, 
TCOVER3 Seat – Window (covers TCOND3, 
TCOVER4 Destination – London, Class – First, Seat – Window (covers TCOND2, 
TCOVER5 Destination – London, Class – Business, Seat – Window (covers TCOND2, 
TCOVER6 Destination – London, Seat – Aisle (covers TCOND2, 

B.2.5.8.2 Step 4: Derive Test Cases (TD4)

substituting one P-V pair into the base-choice test case per test and repeating until all P-V pairs are covered:
Table B.25 — Test cases for base choice testing

Test Case # Input Values Expected Result Test Coverage ItemDestination Class Seat1 London Window Accept TCOVER12 Paris Window Accept TCOVER23 Window Accept TCOVER34 London First Window Accept TCOVER45 London Business Window Accept TCOVER56 London Aisle Accept TCOVER6
B.2.5.8.3 Step 5: Assemble Test Sets (TD5)

the one test set.TS1: TEST CASES 1, 2, 3, 4, 5, 6
B.2.5.8.4 Step 6: Derive Test Procedures (TD6)Since all test cases are in the one test set, we can derive one test procedure.
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B.2.5.8.5 Base Choice Testing CoverageUsing the formula provided in 6.2.5.4 and the test coverage items derived above:
Coverage base choice( _ ) % %= × =

6

6
100 100Thus, 100% coverage of test coverage items for base choice testing has been achieved.

B.2.6 Decision Table Testing

B.2.6.1 IntroductionThe aim of decision table testing is to derive a set of test cases that cover the logical associations decision rules according to the chosen level of condition and action coverage.
Take a cheque debit function whose inputs are debit amount, account type and current balance and whose outputs are new balance and action code. Account type
action codehas the following test basis:

overdraft limit then the debit is processed. If the new balance would exceed the authorised overdraft 
limit then the debit is not processed and if it is a postal account it is suspended. Letters are sent out for 

(i.e. the account would no longer be in credit).

B.2.6.3 Step 1: Identify Feature Sets (TD1)

FS1: cheque debit function
B.2.6.4 Step 2: Derive Test Conditions (TD2)The test conditions are the conditions and actions that can be derived from the test basis.The conditions (C) are: TCOND1 (C1): New balance in credit (for FS1) TCOND2 (C2): New balance overdraft, but within authorised limit (for FS1) TCOND3 (C3): Account is postal (for FS1)The actions (A) are: TCOND4 (A1): Process debit (for FS1) TCOND5 (A2): Suspend account (for FS1) TCOND6 (A3): Send out letter (for FS1)
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B.2.6.5 Step 3: Derive Test Coverage Items (TD3)

regardless of its value.
Table B.26 — Decision table of the cheque debit functionDecision Rules: 1 2 3 4 5 6 7 8C1: New balance in credit F F F F T T T TC2: New balance overdraft,but within authorised limit F F T T F F T T

C3: Account is postal F T F T F T F TA1: Process debit F F T T T TA2: Suspend account F T F F F FA3: Send out letter T T T T F TNOTE 1 Although “T” and “F” have been used in the above decision table to denote “True” and “False”, other notations could be used (e.g. the words “true” and “false” could be used instead).
multiple values.
B.2.6.6 Step 4: Derive Test Cases (TD4)

test coverage is achieved. The following test cases would be required to achieve 100% decision table coverage, and correspond to the decision rules in the decision table above (no test cases are derived for 
Table B.27 — Test case table of the cheque debit function

Test Case
CAUSES/INPUTS EFFECTS/RESULTS Test Coverage Itemaccount overdraftlimit currentbalance debitamount NewBalance actioncode1 £100 -£70 £50 -£70 12 £1500 £420 £2000 £420 23 £250 £650 £800 -£150 34 £750 -£500 £200 -£700 45 £1000 £2100 £1200 £900 5

 

76 © ISO/IEC 2015 – All rights reserved© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 



 

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

Test Case
CAUSES/INPUTS EFFECTS/RESULTS Test Coverage Itemaccount overdraftlimit currentbalance debitamount NewBalance actioncode6 £500 £250 £150 £100 6

B.2.6.7 Step 5: Assemble Test Sets (TD5)

cases will be manual and will all be placed in the one test set.TS1: TEST CASE 1, 2, 3, 4, 5, 6
B.2.6.8 Step 6: Derive Test Procedures (TD6)Since all test cases are in the one test set, we can derive one test procedure.
B.2.6.9 Decision Table Testing CoverageUsing the formula provided in 6.2.6 and the test coverage items derived above:

Coverage decision table testing( _ _ ) % %= × =
6

6
100 100Thus, 100% coverage of test coverage items for decision table testing has been achieved.

B.2.7 Cause-Effect Graphing

B.2.7.1 IntroductionThe aim of cause-effect graphing is to derive test cases that cover the logical relationships between causes (e.g. inputs) and effects (e.g. outputs) of a test item according to a chosen level of coverage. The technique utilises a notation that allows a cause-effect graph of the test item to be designed that illustrates relationships between causes and effects as well as explicit constraints placed on causes and 
Take a cheque debit function whose inputs are debit amount, account type and current balance and whose outputs are new balance and action code. Account type
action codehas the following test basis:

overdraft limit then the debit is processed. If the new balance would exceed the authorised overdraft 
limit then the debit is not processed and if it is a postal account it is suspended. Letters are sent out for 

(i.e. the account would no longer be in credit).

B.2.7.3 Step 1: Identify Feature Sets (TD1)

 

Table B.27 (continued)
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FS1: cheque debit function
B.2.7.4 Step 2: Derive Test Conditions (TD2)The test conditions are the causes and effects that can be derived from the test basis.The causes are: TCOND1 (C1): New balance in credit (for FS1) TCOND2 (C2): New balance overdraft, but within authorised limit (for FS1) TCOND3 (C3): Account is postal (for FS1)The effects are: TCOND4 (A1): Process debit (for FS1) TCOND5 (A2): Suspend account (for FS1) TCOND6 (A3): Send out letter (for FS1)A cause-effect graph shows the relationship between the causes and effects in a notation similar to that 

C1

C2

C3

A1

A2

A3

Figure B.10 — Cause-effect graph of the cheque debit function (see below for notation)

two or more causes.

 

78 © ISO/IEC 2015 – All rights reserved© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 



 

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

Figure B.11 — Notation for illustrating relationships between causes and effects in cause-
effect graphing

NOTE 2 Although the following “constraint” notations are not required for the example demonstrated in 
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Figure B.12 — Notation for representing cause and effect constraints in cause-effect graphing

B.2.7.5 Step 3: Derive Test Coverage Items (TD3)

feasible decision rules in the decision table). Each column of the decision table is a decision rule. The 
decision rule.
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Table B.28 — Decision table of the cheque debit functionDecision Rules: 1 2 3 4 5 6 7 8C1: New balance in credit F F F F T T T TC2: New balance overdraft,but within authorised limit F F T T F F T T
C3: Account is postal F T F T F T F TA1: Process debit F F T T T TA2: Suspend account F T F F F FA3: Send out letter T T T T F T
B.2.7.6 Step 4: Derive Test Cases (TD4)

expected result of the test case, and repeating these steps until all feasible decision rules are covered. The following test cases achieve 100% cause-effect coverage and correspond to the decision rules in 
Table B.29 — Test case table of the cheque debit function

Test Case
CAUSES/INPUTS EFFECTS/RESULTS Test Coverage Itemaccount overdraftlimit currentbalance debitamount Newbalance actioncode1 £100 -£70 £50 -£70 12 £1500 £420 £2000 £420 23 £250 £650 £800 -£150 34 £750 -£500 £200 -£700 45 £1000 £2100 £1200 £900 56 £500 £250 £150 £100 6

B.2.7.7 Step 5: Assemble Test Sets (TD5)

cases will be manual and will all be placed in the one test set.TS1: TEST CASE 1, 2, 3, 4, 5, 6
B.2.7.8 Step 6: Derive Test Procedures (TD6)Since all test cases are in the one test set, we can derive one test procedure.
B.2.7.9 Cause-Effect Graphing CoverageUsing the formula provided in 6.2.7 and the test coverage items derived above:

Coverage cause effect graphing( ) % %− − = × =
6

6
100 100Thus, 100% coverage of test coverage items for cause-effect graphing has been achieved.
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B.2.8 State Transition Testing

B.2.8.1 IntroductionThe aim of state transition testing is to derive a set of test cases that cover transitions and/or states of 
Consider a test item, manage_display_changes, with the following test basis:
The test item responds to input requests to change an externally held display mode for a time display device. 
The external display mode can be set to one of four values: two correspond to displaying either the time or 
the date, and the other two correspond to modes used when altering either the time or date.

input request shall cause the display mode to move between the ‘display time’ and ‘display date’ values. If the 

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

B.2.8.3 Step 1: Identify Feature Sets (TD1)

B.2.8.4 Step 2: Derive Test Conditions (TD2)

as state models and their notation is illustrated below. A STD consists of states, transition, events and actions (see Figure B.13
the event and action. As explained in 5.2.8.1states of the state model, all transitions of the state model or the entire state model, depending on the coverage requirements of testing.

Figure B.13 — Generic state model
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The STD for the test item manage_display_changes is as follows (which in this example is the test condition TCOND1):

DISPLAYING 

TIME (S1)

DISPLAYING 

DATE (S2)

CHANGING 

TIME (S3)

CHANGING 

DATE (S4)

‘reset’ (R)

alter time (AT)

‘time set’ (TS)

display time (T)

‘reset’ (R)

alter date (AD)

‘date set’ (DS)

‘change 

mode’ (CM)

display 

date (D)

‘change 

mode’ (CM)

display 

time (T)

Figure B.14 — State transition diagram for manage_display_changes

B.2.8.5 Step 3: Derive Test Coverage Items - 0-Switch and “All Transitions” Testing (TD3)Assuming the chosen level of coverage is “all transitions”, a state table can be drawn to represent all the valid transitions need to be exercised.
the test item. A more thorough test of the test item will also attempt to cause invalid transitions to 
transitions is a state table, while an alternative representation is a state transition diagram that includes an “anomalous” state at which all invalid transitions terminate. One notation used for state 

Table B.30 — State table notationInput 1 Input 2 etc.Start State 1 etc.Start State 2 etc.etc. etc. etc. etc.
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The state table for manage_display_changes is shown below:
Table B.31 — State table for manage_display_changesR TS DSS1 S2/D S3/AT S1/– S1/–S2 S1/T S4/AD S2/– S2/–S3 S3/– S3/– S1/T S3/–S4 S4/– S4/– S4/– S2/Dand the action is shown as null (–) represents a null 
actual transition that can be induced will represent a failure. It is the testing of items (0-switch). Thus a more complete test set (“all transitions”) will test both possible transitions 

items to cover null transitions (for “all transition” coverage).There are 16 entries in the table above representing each of the four possible inputs that can occur in each of the four possible states, making 16 test coverage items for “all transitions” coverage, which can be read from the state table as shown below:
Table B.32 — State table to test case table mapping for manage_display_changesR TS DSS1 S2/D(TCOVER1) S3/AT(TCOVER2) S1/–(TCOVER3) S1/–(TCOVER4)S2 S1/T(TCOVER5) S4/AD(TCOVER6) S2/–(TCOVER7) S2/–(TCOVER8)S3 S3/–(TCOVER9) S3/–(TCOVER10) S1/T(TCOVER11) S3/–(TCOVER12)S4 S4/–(TCOVER13) S4/–(TCOVER14) S4/–(TCOVER15) S2/D(TCOVER16)

“all transitions” coverage:TCOVER1: (for FS1, valid transition)TCOVER2: S1 to S3 with input R (for FS1, valid transition)TCOVER3: S1 to S1 with input TS (for FS1, invalid transition)TCOVER4: S1 to S1 with input DS (for FS1, invalid transition)TCOVER5: (for FS1, valid transition)TCOVER6: S2 to S4 with input R (for FS1, valid transition)TCOVER7: S2 to S2 with input TS (for FS1, invalid transition)TCOVER8: S2 to S2 with input DS (for FS1, invalid transition)TCOVER9: (for FS1, invalid transition)
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TCOVER10: S3 to S3 with input R (for FS1, invalid transition)TCOVER11: S3 to S1 with input TS (for FS1, valid transition)TCOVER12: S3 to S3 with input DS (for FS1, invalid transition)TCOVER13: (for FS1, invalid transition)TCOVER14: S4 to S4 with input R (for FS1, invalid transition)TCOVER15: S4 to S4 with input TS (for FS1, invalid transition)TCOVER16: S4 to S2 with input DS (for FS1, valid transition)
B.2.8.6 Step 4: Derive Valid Test Cases (TD4)

B.2.8.6.1 OptionsTest cases can now be derived to exercise each of the possible transitions (using the abbreviated STD 
n transitions per test case, where n is the maximum number of transitions possible. For example, test cases could be 

cases can also be derived to cover invalid transitions. These three scenarios are demonstrated below.
B.2.8.6.2 Step 4a: Derive 0-Switch Test Cases (Valid Transitions)

Table B.33 — 0-switch test cases for manage_display_changesTest Case 1 2 3 4 5 6Start State S1 S1 S2 S2 S3 S4Input R R TS DSExpected Output D AT T AD T DFinish State S2 S3 S1 S4 S1 S2Test Coverage Item 1 2 5 6 11 16NOTE A test procedure could be written for the six text cases in the table above that would allow them to be 5, 1, 4, 6, 3, 2). This is elaborated on in step 5.
These six test cases exercise each of the “valid” transitions and so achieves 0-switch coverage (Cho 
B.2.8.6.3 Step 4b: Derive Test Cases for Invalid Transitions
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Table B.34 — invalid test cases for manage_display_changesTest Case 7 8 9 10 11 12 13 14 15 16Start State S1 S1 S2 S2 S3 S3 S3 S4 S4 S4Input TS DS TS DS R DS R TSExpected Output – – – – – – – – – –Finish State S1 S1 S2 S2 S3 S3 S3 S4 S4 S4Test Coverage Item 3 4 7 8 9 10 12 13 14 15As the table above shows, test cases that cover invalid test coverage items should not cause transition transitions” coverage.
B.2.8.6.4 Step 4c: Derive Test Coverage Items - 1-Switch Testing (TD3)The following test coverage items can be derived from the STD to achieve 1-switch coverage: TCOVER17: (for FS1) TCOVER18: (for FS1) TCOVER19: S1 to S3 to S1 with inputs R and TS (for FS1)TCOVER20: (for FS1)TCOVER21 S3 to S1 to S3 with inputs TS and R (for FS1)TCOVER22: (for FS1)TCOVER23: (for FS1)TCOVER24: S2 to S4 to S2 with inputs R and DS (for FS1)TCOVER25: (for FS1)TCOVER26: S4 to S2 to S4 with inputs DS and R (for FS1)
B.2.8.6.5 Step 4d: Derive 1-Switch Test Cases (TD4)If the test coverage chosen in step TD3 was to cover all 1-switch transitions, then test cases could be written to exercise all possible sequential pairs of transitions. In this example, there are ten, as follows:

Table B.35 — 1-switch test cases for manage_display_changesTest Case 17 18 19 20 21 22 23 24 25 26Start State S1 S1 S1 S3 S3 S2 S2 S2 S4 S4Input R TS TS R DS DSExpected Output D D AT T T T T AD D DNext State S2 S2 S3 S1 S1 S1 S1 S4 S2 S2Input R TS R R DS RExpected Output T AD T D AT D AT D T ADFinish State S1 S4 S1 S2 S3 S2 S3 S2 S1 S4Test Coverage Item 17 18 19 20 21 22 23 24 25 26
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Longer sequences of transitions can be tested to achieve higher and higher levels of switch coverage, dependent on the level of test thoroughness required.
B.2.8.7 Step 5: Assemble Test Sets (TD5)

set, the “all transitions” test cases covering invalid transitions in another test set and all 1-switch test cases into a third, as follows: TS1: 0-switch test cases – TEST CASES 1, 2, 3, 4, 5, 6. TS2: “all transitions” INVALID test cases – TEST CASES 7, 8, 9, 10, 11, 12, 13, 14, 15, 16. TS3: 1-switch test cases – TEST CASES 17, 18, 19, 20, 21, 22, 23, 24, 25, 26.NOTE 1 In some instances, it is possible to order individual test cases such that the “Finish State” for one test 

completeness.
B.2.8.8 Step 6: Derive Test Procedures (TD6)

B.2.8.9 State Transition Testing CoverageUsing the formula provided in 6.2.8 and the test coverage items derived above:
Coverage switch erage( _ cov ) % %0 100 100− = × =

6

6

Coverage all transitions erage( _ _ cov ) % %= × =
16

16
100 100

Coverage switch erage( _ cov ) % %1 100 100− = × =
10

10Thus, 100% coverage of test coverage items for 0-switch testing, 1-switch testing and all-transitions testing has been achieved.
B.2.9 Scenario Testing

B.2.9.1 IntroductionThe aim of scenario testing is to derive test cases that cover the scenarios of the test item according to 
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B.2.9.2 Example 1

Consider a test item withdraw_cash

The withdraw_cash function allows customers with bank accounts to withdraw funds from their account 
via an ATM. A withdrawal can only be made by a user with an open bank account, a valid card and matching 
pin, and a working ATM. After the withdrawal is complete, the account balance is debited by the withdrawn 
amount, a receipt for the withdrawal is printed, and the ATM is available and ready for the next user.

Typical Scenario— Successful withdrawal of funds from account.

Alternative Scenarios

Withdrawal not approved, because:— — the user enters their PIN incorrectly up to 2 times— the user enters their PIN incorrectly three times, with the ATM retaining the card— the user selects deposit or transfer instead of withdrawal— the user selects an incorrect account that does not exist on the entered card— the withdrawal amount entered by the user is invalid— — the user enters a non-dispensable amount— the user enters an amount that exceeds their daily allowance— 
in the process, are also possible.
B.2.9.2.2 Step 1: Identify Feature Sets (TD1)

FS1:  withdraw_cash function
B.2.9.2.3 Step 2: Derive Test Conditions (TD2)

the scenarios (and the activities within them) present in each scenario. The example model below is a 
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Figure B.15 — Flow of events diagram for withdraw_cash functionIn scenario testing, the test conditions are the main and alternative scenarios that are to be covered 
one main and ten alternatives. These can be described as test conditions (covering FS1) as follows: TCOND1: Successful withdrawal of funds (covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.1, S6, S7, S8, S9, U6) (covers U1, S1.2, S9, U6) (covers U1, S1.1, U2, S2.2)(covers U1, S1.1, U2, S2.2, U2, S2.2, U2, S2.3, S3)TCOND5: User selects deposit or transfer (covers U1, S1.1, U2, S2.1, U3.2, S10)
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TCOND6: User selects incorrect account (covers U1, S1.1, U2, S2.1, U3.1, U4, S4.2)TCOND7: User enters invalid withdrawal amount(covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.2)(covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.3) TCOND9: User enters non-dispensable amount (covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.4)
allowance (covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.5)

(covers U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.6)
B.2.9.2.4 Step 3: Derive Test Coverage Items (TD3)

the test coverage items.   

B.2.9.2.5 Step 4: Derive Test Cases (TD4)

the test case, determining the expected result of the test and repeating until all scenarios are covered 
cases could be derived.

Table B.36 — Test cases for scenario testingTest Case # 1Test Case Name Successful withdrawal of fundsScenario Path Exercised U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.1, S6, S7, S8, S9, U6Input Valid card with valid customer account – assume 293910982246 is validValid PIN – assume 5652 is valid and matches card
Customer Account Balance – $100Withdrawal amount – $50Pre-condition
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Expected Result
Customer account balance is $50

Test Coverage Item TCOVER1
Table B.37 — Test cases for scenario testingTest Case # 2Test Case NameScenario Path Exercised U1, S1.2, S9, U6Input Invalid cardPre-conditionExpected ResultTest Coverage Item TCOVER2
Table B.38 — Test cases for scenario testingTest Case # 3Test Case NameScenario Path Exercised U1, S1.1, U2, S2,2Input Valid card with valid customer account – assume 293910982246 is validInvalid PIN entered twice – assume 0000 is invalid and does not match card
Customer Account Balance – $500Pre-conditionExpected ResultTest Coverage Item TCOVER3
Table B.39 — Test cases for scenario testingTest Case # 4Test Case NameScenario Path Exercised U1, S1.1, U2, S2.2, U2, S2.2, U2, S2.3, S3Input Valid card with valid customer account – assume 293910982246 is validInvalid PIN entered three times – assume 0000 is invalid and does not match card

Customer Account Balance – $500Pre-condition

 

Table B.36 (continued)
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Expected Result
operational and awaiting a customer card as input.Test Coverage Item TCOVER4

Table B.40 — Test cases for scenario testingTest Case # 5Test Case Name User selects deposit or transferScenario Path Exercised U1, S1.1, U2, S2.1, U3.2, S10Input Valid card with valid customer account – assume 293910982246 is validValid PIN – assume 5652 is valid and matches card
Pre-conditionExpected ResultTest Coverage Item TCOVER5

Table B.41 — Test cases for scenario testingTest Case # 6Test Case Name User selects incorrect accountScenario Path Exercised U1, S1.1, U2, S2.1, U3.1, U4, S4.2Input Valid card with valid customer account – assume 293910982246 is validValid PIN – assume 5652 is valid and matches card
Customer selects incorrect account that does not exist on the cardPre-conditionExpected Result prompts the user to select a new accountTest Coverage Item TCOVER6
Table B.42 — Test cases for scenario testing Test Case # 7Test Case Name User enters invalid withdrawal amountScenario Path Exercised U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.2Input Valid card with valid customer account – assume 293910982246 is validValid PIN – assume 5652 is valid and matches card
Customer Account Balance – $20Withdrawal amount – $17Pre-condition

 

Table B.39 (continued)
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Expected Result prompts the user to enter a new amountTest Coverage Item TCOVER7
Table B.43 — Test cases for scenario testingTest Case # 8Test Case NameScenario Path Exercised U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.3Input Valid card with valid customer account – assume 293910982246 is validValid PIN – assume 5652 is valid and matches card
Customer Account Balance – $500Withdrawal amount – $200Pre-conditionExpected ResultTest Coverage Item TCOVER8
Table B.44 — Test cases for scenario testingTest Case # 9Test Case Name User enters non-dispensable amountScenario Path Exercised U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.4Input Valid card with valid customer account – assume 293910982246 is validValid PIN – assume 5652 is valid and matches card

Customer Account Balance – $1,000Withdrawal amount – $20Pre-conditionExpected Result -Test Coverage Item TCOVER9
Table B.45 — Test cases for scenario testingTest Case # 10Test Case NameScenario Path Exercised U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.5

 

Table B.42 (continued)
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Input Valid card with valid customer account – assume 293910982246 is validValid PIN – assume 5652 is valid and matches card
Customer Account Balance – $3,000
Withdrawal amount – $2,000Pre-conditionExpected ResultTest Coverage Item TCOVER10
Table B.46 — Test cases for scenario testingTest Case # 11Test Case NameScenario Path Exercised U1, S1.1, U2, S2.1, U3.1, U4, S4.1, U5, S5.6Input Valid card with valid customer account – assume 293910982246 is validValid PIN – assume 5652 is valid and matches card

Customer Account Balance – $20Withdrawal amount – $50Pre-conditionExpected Result in user’s bank account, and prompts user to enter a new amountTest Coverage Item TCOVER11
contained in one table.
B.2.9.2.6 Step 5: Assemble Test Sets (TD5)

 TS1: TEST CASE 1. TS2: TEST CASES 2, 3, 4, 5, 6, 7, 8, 9, 10, 11.
B.2.9.2.7 Step 6: Derive Test Procedures (TD6)Two procedures are required as follows:  

 

Table B.45 (continued)
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B.2.9.2.8 Scenario Testing CoverageUsing the formula provided in 6.2.9 and the test coverage items derived above:
Coverage scenario( ) % %= × =

11

11
100 100

B.2.9.3 Example 2

B.2.9.3.1 IntroductionUse case testing is a form of scenario testing, in which test case derivation is based on a use case model of the test item. It is demonstrated here using a separate example to provide users of this standard with 
Consider the following example use case for a test item change_password:

Table B.47 — Example use case for change_passwordUse Case ID UC001Use CasePurpose To allow a user to change their existing password to a new passwordActors UserDescription This use case allows users to change their current password to a new password.TriggerPreconditionsScenario Name Step ActionBasic Flow 1 User clicks Change Password button23456 User clicks OK7Alternative Flow – Existing Password Incorrect 3.13.23.33.4 User clicks OK3.5 -Alternative Flow – New Password Less Than 8 Characters 4.1 User enters a new password that is less than 8 characters long4.2 User clicks OK4.3
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Use Case ID UC001Use CasePurpose To allow a user to change their existing password to a new passwordActors UserDescription This use case allows users to change their current password to a new password.TriggerPreconditionsScenario Name Step ActionAlternative Flow – New Password Same as Cur-rent Password 5.1 User enters a new password that is the same as their current password5.2 User clicks OK5.3Alternative Flow – New Passwords Do Not 6.1 User re-enters new password that does not match the new password 6.2 User clicks OK6.3Variants and Ex-ceptions NoneRules New password must be different from current passwordNew password must be at least 8 characters long

NOTE Additional scenarios, which address situations such as the user entering invalid characters for their new password, could also exist.
B.2.9.3.3 Step 1: Identify Feature Sets (TD1)

FS1:  change_password function
B.2.9.3.4 Step 2: Derive Test Conditions (TD2)

 TCOND1: (for FS1) TCOND2: Alternative Flow – Existing Password Incorrect (for FS1) TCOND3: Alternative Flow – New Password Less Than 8 Characters (for FS1)TCOND4: Alternative Flow – New Password Same as Current Password (for FS1)TCOND5: (for FS1)

 

Table B.47 (continued)
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B.2.9.3.5 Step 3: Derive Test Coverage Items (TD3)

 TCOVER1: (for TCOND1) TCOVER2: Alternative Flow – Existing Password Incorrect (for TCOND2) TCOVER3: Alternative Flow – New Password Less Than 8 Characters (for TCOND3)TCOVER4: Alternative Flow – New Password Same as Current Password (for TCOND4)TCOVER5: (for TCOND5)
B.2.9.3.6 Step 4: Derive Test Cases (TD4)

covered as required.
Table B.48 — Test cases for use case testingUse Case NameTest Case NameDescriptionActors UserTest Coverage Item TCOVER1Use Case Steps Covered 1, 2, 3, 4, 5, 6, 7Preconditions# Step Expected Result1 User clicks Change Password button2 User enters their current password cor-34 User re-enters their new password correct- -bols5 User clicks OK

Table B.49 — Test cases for use case testing continuedUse Case NameTest Case Name Alternative Flow – Existing Password IncorrectDescriptionActors UserTest Coverage Item TCOND2Use Case Steps Covered 1, 2, 3.1, 3.2, 3.3, 3.4, 3.5Preconditions# Step Expected Result1 User clicks Change Password button23
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45 User clicks OK
Table B.50 — Test cases for use case testing continuedUse Case NameTest Case Name Alternative Flow – New Password Less Than 8 CharactersDescription User attempts to change password but enters less than 8 characters for passwordActors UserTest Coverage Item TCOND3Use Case Steps Covered 1, 2, 3, 4.1, 4.2, 4.3Preconditions# Step Expected Result1 User clicks Change Password button2 User enters their current password cor-3 User enters a new password that is less than 8 characters long4 User clicks OK
Table B.51 — Test cases for use case testing continuedUse Case NameTest Case Name Alternative Flow – New Password Same as Current PasswordDescription User attempts to change password but enters new password matching old pass-wordActors UserTest Coverage Item TCOND4Use Case Steps Covered 1, 2, 3, 5.1, 5.2, 5.3Preconditions# Step Expected Result1 User clicks Change Password button2 User enters their current password cor-3 User enters a new password that is the same as their current password4 User clicks OK
Table B.52 — Test cases for use case testing continuedUse Case NameTest Case NameDescription User attempts to change password but their new passwords do not matchActors User

 

Table B.49 (continued)
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Test Coverage Item TCOND5Use Case Steps Covered 1, 2, 3, 4, 6.1, 6.2, 6.3Preconditions# Step Expected Result1 User clicks Change Password button2 User enters their current password cor-34 User re-enters new password that does not match new password entered at step 35 User clicks OK
B.2.9.3.7 Step 5: Assemble Test Sets (TD5)

 TS1: TEST CASE 1. TS2: TEST CASES 2, 3, 4, 5.
B.2.9.3.8 Step 6: Derive Test Procedures (TD6)

  
B.2.9.3.9 Use Case Testing CoverageUsing the formula for calculating scenario test coverage provided in 6.2.9 and the test coverage items derived above:

Coverage u ase( sec ) % %= × =
5

5
100 100

B.2.10 Random Testing

B.2.10.1 IntroductionThe aim of random testing is to derive a set of test cases that cover the input parameters of a test item using values that are selected according to a chosen input distribution. This technique requires no input domain at random.
Consider a test item that transforms coordinates, with the following test basis:
The component shall transform the Cartesian coordinates (x,y) for screen position into their polar equivalent 
(r,H) using the equations: r= sqrt (x2+y2) and cos H = x/r. The origin of the Cartesian coordinates and the 
pole of the polar coordinates shall be the centre of the screen and the x-axis shall be considered the initial 

 

Table B.52 (continued)
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line for the polar coordinates progressing counter-clockwise. All inputs and outputs shall be represented as 

Inputs

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

y - range -240..+240, in increments of 1/27

Outputs

r - range 0..400, in increments of 1/26

H - range 0..((2*pi)-1/26), in increments of 1/26

B.2.10.3 Step 1: Identify Feature Sets (TD1)

FS1: transform coordinates function
B.2.10.4 Step 2: Derive Test Conditions (TD2)The test conditions in random testing are the domain of all possible inputs from which test input values 
 TCOND1: x - range -320..+320, in increments of 1/26 (for FS1) TCOND2: 7 (for FS1)
B.2.10.5 Step 3: Derive Test Coverage Items (TD3)There are no recognised test coverage items from random testing.
B.2.10.6 Step 4: Derive Test Cases (TD4)

distribution to each test condition and determining the expected result of each test case (shown as about the operational distribution of the input parameters to the test item in this example, a uniform take one of 41,024 values (641 x 26 7). Care should be taken if using an expected operational distribution rather than a uniform distribution. An expected distribution that ignores parts of the input domain can lead to unexpected error conditions being left untested.Since each test case must include selection of a random test input value from the test conditions for 
Table B.53 — Test cases for random testingTest Case 1 2 3 4Input (x) -126.125 11.015625 283.046875 -99.109375238.046875 78.03125 -156.054688 -9.0625Test Condition TCOND1TCOND2 TCOND1TCOND2 TCOND1TCOND2 TCOND1TCOND22 2)) 269.395305 78.804949 323.216025 99.522847
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Test Case 1 2 3 42.058024 1.430554 0.503870 3.050407
B.2.10.7 Step 5: Assemble Test Sets (TD5)

B.2.10.8 Step 6: Derive Test Procedures (TD6)

B.2.10.9 Random Testing CoverageAs stated in 6.2.10coverage items for random testing.
B.2.10.10 Automating Random Testing

However, to achieve full automation it must be possible to:

random number generator and this value is recorded.The automatic generation of expected outputs or the automatic checking of outputs, is however more check outputs against the test basis, however for certain test items it is possible, such as where:
language, etc.);
“not to crash”);

In the example in B.2.10.2

 

Table B.53 (continued)
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Even when full automation of random testing is not practicable its use should still be considered as it 
Decomposition” (SIAD) tree (Cho 1987) is a useful method for organising the input domain for random sampling before test case design.
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Annex C (informative) 
 

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

C.1 Guidelines and Examples for Structure-Based Testing

C.1.1 OverviewThis annex provides guidance and examples on the structure-based test design techniques described in 5.3 and 6.3examples. Although each example is applied in a structure-based testing context, as stated in 5.1, in 
C.2 Structure-Based Test Design Technique Examples

C.2.1 Statement Testing

C.2.1.1 IntroductionThe aim of statement testing is to derive a set of test cases that cover the statements of the test item according to a chosen level of statement coverage. This structural test design technique is based upon the decomposition of the test item into constituent statements.The two principal questions to consider are:— what is a statement?— which statements are executable?
not at all. For instance:
       IF a THEN b ENDIF

is considered as more than one statement since bcondition statement used for statement testing need not be the one used in the 
We would expect statements which are associated with machine code to be regarded as executable. For instance, we would expect all of the following to be regarded as executable:— assignments;— loops and selections;— procedure and function calls;— variable declarations with explicit initializations;
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However, most other variable declarations can be regarded as non-executable. Consider the following code:
 

 
 

 

be achieved without exercising with b FALSE.
Consider the following test item in the Ada programming language, which is designed to categorise positive integers into prime and non-prime, and to give factors for those which are non-prime:

 
 

 
 

 
 

 
 

 
 

 
 

 
 

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

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

test condition: TCOND1: Statement 1 (for FS1)
relates to: TCOND2: Statement 2 (for FS1) TCOND3: Statement 3 (for FS1) TCOND4: Statement 4 (for FS1) TCOND5: Statement 5 (for FS1) TCOND6: Statement 6 (for FS1)TCOND7: Statement 7 (for FS1)TCOND8: Statement 10 (for FS1)
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TCOND9: Statement 11 (for FS1)TCOND10: Statement 13 (for FS1)TCOND11: Statement 15 (for FS1)
C.2.1.5 Step 3: Derive Test Coverage Items (TD3)The test coverage items in statement testing are the same as the test conditions: TCOVER1: Statement 1 (for TCOND1) TCOVER2: Statement 2 (for TCOND2)TCOVER3 Statement 3 (for TCOND3) TCOVER4: Statement 4 (for TCOND4) TCOVER5: Statement 5 (for TCOND5) TCOVER6: Statement 6 (for TCOND6)TCOVER7: Statement 7 (for TCOND7)TCOVER8: Statement 10 (for TCOND8)TCOVER9: Statement 11 (for TCOND9)TCOVER10: Statement 13 (for TCOND13)TCOVER11: Statement 15 (for TCOND11)
C.2.1.6 Step 4: Derive Test Cases (TD4)

along with the expected result. This process is repeated until the required level of test coverage is 
100% statement coverage).

Table C.1 — Test cases for statement testingTest Case Input Expected Result Test Coverage Items1 2 2 is prime 1, 2, 3, 4, 9, 10, 11, 12, 13, 14 4 2 is a factor of 4 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14 EOF End of prime number program 2, 15NOTE In this example, there is one test case, but three separate sets of input values and expected results, as there is an iteration included in the code.
C.2.1.7 Step 5: Assemble Test Sets (TD5)

TS1: TEST CASE 1.
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C.2.1.8 Step 6: Derive Test Procedures (TD6)

TP1: covering the test case in TS1.
C.2.1.9 Statement Testing CoverageUsing the formula provided in 6.3.1 and the test coverage items derived above:

Coverage statement( ) % %= × =
11

11
100 100Thus, 100% coverage of test coverage items for statement testing has been achieved.

C.2.2 Branch / Decision Testing

C.2.2.1 Introduction

same. Both levels of coverage will be illustrated with one example.
The component shall determine the position of a word in a table of words ordered alphabetically. Apart 
from the word and table, the component shall also be passed the number of words in the table to be 
searched. The component shall return the position of the word in the table (starting at zero) if it is 

The corresponding code is drawn from (Kernighan and Richie 1998). The three decisions are highlighted:
 

 
 

 
 

      while (low <= high)  
 

 
 

if (cond > 0) 
 

 
 

 
 

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

FS1: binsearch function
C.2.2.4 Step 2: Derive Test Conditions (TD2)

C.2.2.4.1 Options for Derivation of Test Conditions

to divide it into basic blocks. These are sequences of instructions with no branches into the block (except 
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to the beginning) and no branches out of the block (except at the end). The statements within each basic block will be executed together or not at all. The program above has the following basic blocks:
 

 
 

 
 

 
 

            
               
          
               

 
 

     
 

possible transfer of control from one basic block to another. These are the possible transfers of control:

This results in the graph presented in points, B7 and B9.
B1 B2 B3 B4 B8

B9 B5 B6

The test conditions for branch coverage will be different from those for decision coverage. This is demonstrated under steps 2a and 2b below.
C.2.2.4.2 Option 2a: Derive Test Conditions for Branch Coverage (TD2)For branch coverage, the test conditions (BRANCH-TCOND) are the branches (arcs) that are represented 
 BRANCH-TCOND1: (for FS1) BRANCH-TCOND2: (for FS1) BRANCH-TCOND3: (for FS1)
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 BRANCH-TCOND4: (for FS1) BRANCH-TCOND5: (for FS1)BRANCH-TCOND6: (for FS1)BRANCH-TCOND7: (for FS1)BRANCH-TCOND8: (for FS1)BRANCH-TCOND9: (for FS1)BRANCH-TCOND10: (for FS1)
C.2.2.4.3 Option 2b: Derive Test Conditions for Decision Coverage (TD2)For decision coverage, the test conditions (DECISION-TCOND) are the decisions represented as nodes in 
 DECISION-TCOND1: B2 (for FS1) DECISION-TCOND2: B3 (for FS1) DECISION-TCOND3: B5 (for FS1)
C.2.2.5 Step 3: Derive Test Coverage Items (TD3)

C.2.2.5.1 Options for Derivation of Test Coverage ItemsThe test coverage items for branch coverage will be different from those for decision coverage. This is demonstrated under steps 3a and 3b below.
C.2.2.5.2 Option 3a: Derive Test Coverage Items for Branch Coverage (TD3)

are the same as the test conditions. In this example there are ten test coverage items for branch coverage, as follows: BRANCH-TCOVER1: (for BRANCH-TCOND1) BRANCH-TCOVER2: (for BRANCH-TCOND2) BRANCH-TCOVER3: (for BRANCH-TCOND3) BRANCH-TCOVER4: (for BRANCH-TCOND4) BRANCH-TCOVER5: (for BRANCH-TCOND5)BRANCH-TCOVER6: (for BRANCH-TCOND6)BRANCH-TCOVER7: (for BRANCH-TCOND7)BRANCH-TCOVER8: (for BRANCH-TCOND8)BRANCH-TCOVER9: (for BRANCH-TCOND9)BRANCH-TCOVER10: (for BRANCH-TCOND10)
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C.2.2.5.3 Option 3b: Derive Test Coverage Items for Decision Coverage (TD3)For decision coverage, the outcomes (i.e. true, false) of each decision are the test coverage items. In this example, each decision has two outcomes corresponding to the true and false values of the decisions; therefore there are six test coverage items, as follows: DECISION-TCOVER1: (for DECISION-TCOND1) DECISION-TCOVER2: (for DECISION-TCOND1) DECISION-TCOVER3: (for DECISION-TCOND2) DECISION-TCOVER4: (for DECISION-TCOND2) DECISION-TCOVER5: (for DECISION-TCOND3)DECISION-TCOVER6: (for DECISION-TCOND3)
of test coverage items that need to be derived.
C.2.2.6 Step 4: Derive Test Cases (TD4)

exercise those sub-paths, determining the expected result of each test, and repeating until the required 

when the table being searched has no entries. This sub-path executes one decision (B2 -> B9) and hence is not the same as the coverage for decisions).Consider now a test case which executes the sub-path:
100% decision and branch coverage.These test cases are shown below:

Table C.2 — Test cases for binsearchTest Case Inputs Decisions Exercised (underlined) Test Coverage Items Expected ResultWord Tab n1 chas AlfBertChasDick
FredGeoff

7 B2 B3 B2 B3 B5 B2 B3 B5 BRANCH-TCOVER  1, 2, 4, 5, 6, 7, 8, 9, 10 andDECISION-TCOVER 1, 3, 4, 5, 6 2
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Test Case Inputs Decisions Exercised (underlined) Test Coverage Items Expected ResultWord Tab n2 chas table’ 0 B2 BRANCH-TCOVER 1, 3 andDECISION-TCOVER 2 -1
C.2.2.7 Step 5: Assemble Test Sets (TD5)

TS1: TEST CASES 1 and 2.
C.2.2.8 Step 6: Derive Test Procedures (TD6)

C.2.2.9 Branch Testing CoverageUsing the formula provided in 6.3.2 and the test coverage items derived above:
Coverage branch( ) % %= × =

10

10
100 100Thus, 100% coverage of test coverage items for branch testing has been achieved.

C.2.2.10 Decision Testing CoverageUsing the formula provided in 6.3.3 and the test coverage items derived above:
Coverage decision( ) % %= × =

6

6
100 100Thus, 100% coverage of test coverage items for decision testing has been achieved.

Condition Decision Coverage (MCDC) Testing

C.2.3.1 Introduction

test design techniques is to derive a set of test cases that cover the conditions within decisions of the test item according to a chosen level of coverage. For convenience, these test case design and test coverage measurement approaches are demonstrated using one example.
Consider the following fragment of code:

 
 

 
 

 

Table C.2 (continued)
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comprised of complex expressions involving relational operators. For example, the Boolean condition A B and C as simple Boolean conditions.
C.2.3.3 Step 1: Identify Feature Sets (TD1)Since the example for all three test design techniques is based on the same test item (the code fragment 

FS1: condition code fragment
C.2.3.4 Step 2: Derive Test Conditions (TD2)

example, there is one decision:TCOND1:   (for FS1)This test condition is applicable to Branch Condition Testing, Branch Condition Combination Testing, 
C.2.3.5 Branch Condition Testing

C.2.3.5.1 Step 3: Derive Test Coverage Items (TD3)Branch condition testing examines the individual conditions within multi-condition decisions, with the aim that each individual condition and each decision takes on both true and false values. The test coverage items are the Boolean values (true/false) of the conditions within decisions. In this example, this technique would require Boolean condition A to be evaluated both TRUE and FALSE, Boolean condition B to be evaluated both TRUE and FALSE and Boolean condition C to be evaluated both TRUE and FALSE. Therefore, the test coverage items for this technique are: TCOVER1: (for TCOND1) TCOVER2: (for TCOND1)TCOVER3 (for TCOND1) TCOVER4: (for TCOND1) TCOVER5: (for TCOND1) TCOVER6: (for TCOND1)TCOVER7: (for TCOND1)TCOVER8: (for TCOND1)
C.2.3.5.2 Step 4: Derive Test Cases (TD4)

will execute those sub-paths and the expected result of the test and repeating until all the required coverage is achieved. In this example, this can be achieved with the following set of test inputs (note that there are alternative sets of test inputs which will also achieve branch condition coverage):
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Table C.3 — Test cases for Branch Condition Testing

Test Case A B C A or (B and C) Test Coverage Items1 FALSE FALSE FALSE FALSE TCOVER 2, 4, 62 TRUE TRUE TRUE TRUE TCOVER 1, 3, 5
results.
actual Boolean conditions comprising the overall condition.
C.2.3.5.3 Step 5: Assemble Test Sets (TD5)

TS1: TEST CASES 1 and 2.
C.2.3.5.4 Step 6: Derive Test Procedures (TD6)

C.2.3.5.5 Branch Condition Testing CoverageUsing the formula provided in 6.3.4 and the test coverage items derived above:
Coverage branch condition( _ ) % %= × =

8

8
100 100Thus, 100% coverage of test coverage items for branch condition testing has been achieved.

C.2.3.6 Branch Condition Combination Testing

C.2.3.6.1 Step 3: Derive Test Coverage Items (TD3)In branch condition combination testing, the test coverage items are the unique combinations of Boolean values of conditions within decisions. In this example, this technique would require all combinations of Boolean conditions A, B and C to be evaluated. Therefore, the test coverage items for this technique are: TCOVER1: (for TCOND1) TCOVER2: (for TCOND1) TCOVER3: (for TCOND1) TCOVER4: (for TCOND1) TCOVER5: (for TCOND1) TCOVER6: (for TCOND1) TCOVER7: (for TCOND1) TCOVER8: (for TCOND1)
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C.2.3.6.2 Step 4: Derive Test Cases (TD4)

paths and the expected result of the test and repeating until the required coverage is achieved. In this 
Table C.4 — Test cases for Branch Condition Combination Testing

Test Case A B C Test Coverage Items1 FALSE FALSE FALSE TCOVER12 TRUE FALSE FALSE TCOVER23 FALSE TRUE FALSE TCOVER34 TRUE TRUE FALSE TCOVER45 FALSE FALSE TRUE TCOVER56 TRUE FALSE TRUE TCOVER67 ALSE TRUE TRUE TCOVER78 TRUE TRUE TRUE TCOVER8
results. n test cases to achieve 100% coverage of a condition containing ncomplex conditions.
C.2.3.6.3 Step 5: Assemble Test Sets (TD5)

TS1: TEST CASES 1, 2, 3, 4, 5, 6, 7, 8.
C.2.3.6.4 Step 6: Derive Test Procedures (TD6)

C.2.3.6.5 Branch Condition Combination Testing CoverageUsing the formula provided in 6.3.5 and the test coverage items derived above:
Coverage branch condition combination( _ _ ) % %= × =

8

8
100 100Thus, 100% coverage of test coverage items for branch condition combination testing has been achieved.
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C.2.3.7.1 Step 3: Derive Test Coverage Items (TD3)

combinations of individual Boolean values of conditions within decisions that allow a single Boolean 
where changing the state of A will change the outcome, but B and C remain constant, i.e. that A can 
 TCOVER1: (for TCOND1) TCOVER2: (for TCOND1)
with A and C remaining constant: TCOVER3: (for TCOND1) TCOVER4: (for TCOND1)
with A and B remaining constant: TCOVER5: (for TCOND1) TCOVER6: (for TCOND1)
TCOVER1 and TCOVER3 are the same, and that TCOVER4 and TCOVER6 are the same. Therefore, the duplicate test conditions TCOVER3 and TCOVER6 will not be used as a basis for deriving test cases in the next step.
C.2.3.7.2 Step 4: Derive Test Cases (TD4)

paths and the expected result of the test and repeating until all the required coverage is achieved. In this example, this can be achieved with the following set of test cases:
results.

Table C.5 — Overall set of test cases

Test Case A B C Expected Result Test Coverage Items1 FALSE FALSE TRUE FALSE TCOVER1, TCOVER32 TRUE FALSE TRUE TRUE TCOVER23 FALSE TRUE TRUE TRUE TCOVER4, TCOVER64 FALSE TRUE FALSE FALSE TCOVER5
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Table C.6 — Alternative MCDC test cases

Case A B C OutcomeX FALSE TRUE FALSE FALSEY TRUE TRUE FALSE TRUE
maximum of 2n test cases, where n is the number of Boolean conditions within the decision condition. In contrast, Branch Condition Combination Coverage requires 2nlow-risk compromise with Branch Condition Combination Coverage where condition expressions 
C.2.3.7.3 Step 5: Assemble Test Sets (TD5) Table C.5 for this technique are combined into the one test set, as follows: TS1:  TEST CASES 1, 2, 3, 4.
C.2.3.7.4 Step 6: Derive Test Procedures (TD6)

Using the formula provided in 6.3.6 and the test coverage items derived above:
Coverage ified_condition_decision erage(mod _ cov ) %= × =

4

4
100 100%%

C.2.3.8 Other Boolean ExpressionsOne weakness of these three test design techniques and test coverage measurement approaches is that of the actual decision condition. For example:
 

 
 

 
 

decisions.
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C.2.3.9 Optimised Expressions

operators, and the Ada programming language provides special short circuit operators and then and 
or elsecondition, then the second condition will not be evaluated.The consequence is that it will be infeasible to show coverage of one value of the second condition. For a short circuited “and” operator, the feasible combinations are True:True, True:False and False:X, where X is unknown. For a short circuited “or” operator, feasible combinations are False:False, False:True and True:X.
this case, the feasible combinations are not known. The degree of short circuit optimisation of Boolean 
There are situations where it is possible to design test cases which should achieve 100% coverage (from been achieved.
C.2.3.10 Other Branches and Decisions

testing and their corresponding coverage measures are given in terms of branches or decisions which 

coverage measure as a supplement to branch testing and branch or decision coverage. Branch testing the decisions which include Boolean conditions.
C.2.4 Data Flow Testing

C.2.4.1 Introduction

testing is a structure-based test design technique which aims to execute sub-paths from points where 
sub-paths to be executed. Test sets are generated here to achieve 100% coverage (where possible) for each of those criteria.
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C.2.4.3 Step 1: Identify Feature Sets (TD1)

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

R2. Next, each occurrence of a variable in the test item is cross referenced against the program listing 
Table C.7 — Occurrence of variables and their categories

 Category
Line c-use p-use0 A, B, C1 Discrim A, B, C234 Discrim5678910 R1 A, B, Discrim11 R2 A, B, Discrim1213

 

© ISO/IEC 2015 – All rights reserved 117© IEEE 2015 – All rights reserved
Authorized licensed use limited to: City College of New York. Downloaded on April 06,2017 at 21:06:51 UTC from IEEE Xplore.  Restrictions apply. 



 

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

that variable in the c-use or p-use column.
 Variables Test 

Conditionsc-use p-useA TCOND1B TCOND2C TCOND3A TCOND4B TCOND5A TCOND6B TCOND7Discrim TCOND8Discrim TCOND9Discrim TCOND10TCOND11TCOND12R1 TCOND13R2 TCOND14TCOND15TCOND16
proceed with deriving the test coverage items (depending on the technique being used).

The following table shows one set of def-use pairs that meet this criterion.
Test Coverage 

Items Variables Test ConditionsTCOVER1 A TCOND1TCOVER2 B TCOND2TCOVER3 C TCOND3TCOVER4 Discrim TCOND8TCOVER5 TCOND11TCOVER6 TCOND12TCOVER7 R1 TCOND13TCOVER8 R2 TCOND14
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paths and the expected result of the test and repeating until the required coverage is achieved. To 
this requirement:

Test 
Case

INPUTS EXPECTED RESULT

Variables

-
tion-use 

pairs
Sub-

paths
Test Coverage 

Items A B C Is_Complex R1 R21 7-8-9 TCOVER6 1 2 1 FALSE -1 -1R1 10-11-12-13 TCOVER7R2 11-12-13 TCOVER82 A,B,C, 0-1 TCOVER1, TCOVER2, TCOVER3 1 1 1 TRUE unass. unass.
Discrim 1-2-3-4 TCOVER45-8-9 TCOVER5

Using the formula provided in 6.3.7.1 and the test coverage items derived above:
Coverage all definitions( _ ) % %= × =

8

8
100 100

C.2.4.6 All-C-Uses Testing

C.2.4.6.1 Step 3b: Derive Test Coverage Items (TD3) – All-C-Uses Testing

Table C.11 — All-C-Uses Testing

Test Coverage 
Items

All-C-Uses

Variable pair Sub-path Test ConditionsTCOVER1 A 0-1 TCOND1TCOVER2 B 0-1 TCOND2TCOVER3 C 0-1 TCOND3TCOVER4 A 0-1-2-3-4-6-7-8-9-10 TCOND4TCOVER5 B 0-1-2-3-4-6-7-8-9-10 TCOND5TCOVER6 A 0-1-2-3-4-6-7-8-9-10-11 TCOND6TCOVER7 B 0-1-2-3-4-6-7-8-9-10-11 TCOND7
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Test Coverage 
Items

All-C-Uses

Variable pair Sub-path Test ConditionsTCOVER8 Discrim 1-2-3-4-6-7-8-9-10 TCOND9TCOVER9 Discrim 1-2-3-4-6-7-8-9-10-11 TCOND10TCOVER10 R1 10-11-12-13 TCOND13TCOVER11 R2 11-12-13 TCOND14TCOVER12 5-8-9-12-13 TCOND15TCOVER13 7-8-9-10-11-12-13 TCOND16
C.2.4.6.2 Step 4b: Derive Test Cases (TD4) – All-C-Uses Testing

paths and the expected result of the test and repeating until the required coverage is achieved. To 
Table C.12 — Test Cases for All-C-Uses Testing

Test 
Case

All-C-uses INPUTS EXPECTED RESULT

Variables

-
tion-use 

pairs Sub-paths
Test Coverage 

Items A B C Is_Complex R1 R21 A, B, C 0-1 TCOVER1, TCOVER2, TCOVER3 1 2 1 FALSE -1 -1
A, B 0-1-2-3-4-6-7-8-9-10 TCOVER4, TCOVER5A, B 0-1-2-3-4-6-7-8-9-10-11 TCOVER6, TCOVER7Discrim 1-2-3-4-6-7-8-9-10 TCOVER81-2-3-4-6-7-8-9-10-11 TCOVER9R1 10-11-12-13 TCOVER10 R2 11-12-13 TCOVER11        7-8-9-10-11-12-13 TCOVER13       2 5-8-9-12-13 TCOVER12 1 1 1 TRUE unass. unass.

C.2.4.6.3 All-C-Uses Testing CoverageUsing the formula provided in 6.3.7.2 and the test coverage items derived above:
Coverage all c uses( ) % %− − = × =

13

13
100 100Thus, 100% coverage of test coverage items for all-c-uses testing has been achieved.
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C.2.4.7 All-P-Uses Testing

C.2.4.7.1 Step 3c: Derive Test Coverage Items (TD3) – All-P-Uses Testing

The following table shows one set of def-use pairs that meet this criterion.
Table C.13 — All-P-Uses Testing

Test Coverage Items
All-P-Uses

Variables Test ConditionsTCOVER1 Discrim TCOND8TCOVER2 TCOND11TCOVER3 TCOND12
C.2.4.7.2 Step 4c: Derive Test Cases (TD4) – All-P-Uses Testing

paths and the expected result of the test and repeating until the required coverage is achieved. To 
Table C.14 — Test cases for All-P-Uses Testing

Test 
Case

All-P-Uses INPUTS EXPECTED RESULT

Variables

-
tion-use 

pair sub-paths
Test Coverage 

Items A B C Is_Complex R1 R21 7-8-9 TCOVER3 1 2 1 FALSE -1 -12 Discrim 1-2-3-4 TCOVER1 1 1 1 TRUE unass. unass.5-8-9 TCOVER2
C.2.4.7.3 All-P-Uses Testing CoverageUsing the formula provided in 6.3.7.3 and the test coverage items derived above:

Coverage all p uses( ) % %− − = × =
3

3
100 100Thus, 100% coverage of test coverage items for all-p-uses testing has been achieved.

C.2.4.8 All-Uses Testing

C.2.4.8.1 Step 3d: Derive Test Coverage Items (TD3) – All-Uses Testing

The following table shows one set of def-use pairs that meet this criterion.
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Table C.15 — All-Uses Testing

Test Coverage Items
All-Uses / All DU-Paths

Variables d-u pair Sub-path Test ConditionsTCOVER1 A 0-1 TCOND1TCOVER2 B 0-1 TCOND2TCOVER3 C 0-1 TCOND3TCOVER4 A 0-1-2-3-4-6-7-8-9-10 TCOND4TCOVER5 B 0-1-2-3-4-6-7-8-9-10 TCOND5TCOVER6 A 0-1-2-3-4-6-7-8-9-10-11 TCOND6TCOVER7 B 0-1-2-3-4-6-7-8-9-10-11 TCOND7TCOVER8 Discrim 1-2-3-4 TCOND8TCOVER9 Discrim 1-2-3-4-6-7-8-9-10 TCOND9TCOVER10 Discrim 1-2-3-4-6-7-8-9-10-11 TCOND10TCOVER11 5-8-9 TCOND11TCOVER12 7-8-9 TCOND12TCOVER13 R1 10-11-12-13 TCOND13TCOVER14 R2 11-12-13 TCOND14TCOVER15 5-8-9-12-13 TCOND15TCOVER16 7-8-9-10-11-12-13 TCOND16
C.2.4.8.2 Step 4d: Derive Test Cases (TD4) – All-Uses Testing

and the expected result of the test and repeating until the required coverage is achieved. To achieve 
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Table C.16 — Test Cases for All-Uses Testing

Test 
Case

All-Uses INPUTS EXPECTED RESULT

Variables d-u pair Sub-paths
Test Coverage 

Items A B C Is_Complex R1 R21 A, B, C 0-1 TCOVER1, TCOVER2, TCOVER3 1 2 1 FALSE -1 -1
A, B 0-1-2-3-4-6-7-8-9-10 TCOVER4, TCOVER5A, B 0-1-2-3-4-6-7-8-9-10-11 TCOVER6, TCOVER7Discrim 1-2-3-4 TCOVER81-2-3-4-6-7-8-9-10 TCOVER91-2-3-4-6-7-8-9-10-11 TCOVER107-8-9 TCOVER12R1 10-11-12-13 TCOVER13R2 11-12-13 TCOVER147-8-9-10-11-12-13 TCOVER162 5-8-9 TCOVER11 1 1 1 TRUE unass. unass.5-8-9-12-13 TCOVER15

C.2.4.8.3 All-Uses Testing CoverageUsing the formula provided in 6.3.7.4 and the test coverage items derived above:
Coverage all uses( _ ) % %= × =

16

16
100 100Thus, 100% coverage of test coverage items for all-uses testing has been achieved.

C.2.4.9 All-DU-Paths Testing

C.2.4.9.1 Step 3e: Derive Test Coverage Items (TD3) – All-DU-Paths Testing

every simple sub-path 
and 1-4-5-9-10. However, both of these sub-paths are infeasible (and so no test cases can be generated to 

Table C.17 — All-DU-Paths Testing

Test Coverage 
Items

All DU-Paths
Variables d-u pair Sub-path Test ConditionsTCOVER1 A 0-1 TCOND1TCOVER2 B 0-1 TCOND2TCOVER3 C 0-1 TCOND3
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Test Coverage 
Items

All DU-Paths
Variables d-u pair Sub-path Test ConditionsTCOVER4 A 0-1-2-3-4-6-7-8-9-10 TCOND4TCOVER5 B 0-1-2-3-4-6-7-8-9-10 TCOND5TCOVER6 A 0-1-2-3-4-6-7-8-9-10-11 TCOND6TCOVER7 B 0-1-2-3-4-6-7-8-9-10-11 TCOND7TCOVER8 Discrim 1-2-3-4 TCOND8TCOVER9 Discrim 1-2-3-4-6-7-8-9-10 TCOND9TCOVER10 Discrim 1-2-3-4-6-7-8-9-10-11 TCOND10TCOVER11 5-8-9 TCOND11TCOVER12 7-8-9 TCOND12TCOVER13 R1 10-11-12-13 TCOND13TCOVER14 R2 11-12-13 TCOND14TCOVER15 5-8-9-12-13 TCOND15TCOVER16 7-8-9-10-11-12-13 TCOND16

C.2.4.9.2 Step 4e: Derive Test Cases (TD4) – All-DU-Paths TestingTest cases for all-du-paths can now be derived. The same set of test cases that were derived for all-uses also achieves the maximum level of test coverage item coverage possible for all-du-paths testing in this example.
Table C.18 — Test Cases for All-DU-Paths Testing

Test 
Case

All DU-Paths INPUTS EXPECTED RESULT

Variables d-u pair Sub-paths
Test Coverage 

Items A B C Is_Complex R1 R21 A, B, C 0-1 TCOVER1, TCOVER2, TCOVER3 1 2 1 FALSE -1 -1
A, B 0-1-2-3-4-6-7-8-9-10 TCOVER4, TCOVER50-1-2-3-4-6-7-8-9-10-11 TCOVER6, TCOVER7Discrim 1-2-3-4 TCOVER81-2-3-4-6-7-8-9-10 TCOVER91-2-3-4-6-7-8-9-10-11 TCOVER107-8-9 TCOVER12R1 10-11-12-13 TCOVER13R2 11-12-13 TCOVER147-8-9-10-11-12-13 TCOVER162 5-8-9 TCOVER11 1 1 1 TRUE unass. unass.5-8-9-12-13 TCOVER15
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C.2.4.9.3 All-DU-Paths Testing CoverageUsing the formula provided in 6.3.7.5 and the test coverage items derived above:
Coverage all du paths( ) % %− − = × =

16

16
100 100Thus, 100% coverage of test coverage items for all-du-paths testing has been achieved.

C.2.4.9.4 Step 5: Assemble Test Sets (TD5)

combined into one test set, and all those that compute to TRUE in another test set, as follows:TS1: TEST CASE 1.TS2: TEST CASE 2.
C.2.4.9.5 Step 6: Derive Test Procedures (TD6)All test sets could be combined into the one test procedure to be executed in sequential order, as follows:
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Annex D (informative) 
 

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

D.1 Guidelines and Examples for Experience-Based Testing

D.1.1 OverviewThis annex provides guidance on the requirements in 5.4 and 6.4. This clause demonstrates the application of an experience-based test design technique to an example problem. The example follows 
D.2 Experience-Based Test Design Technique Examples

D.2.1 Error Guessing

D.2.1.1 Introduction

Consider the example test item, generate_grading

The component receives an exam mark (out of 75) and a coursework (c/w) mark (out of 25) as input, from 
which it outputs a grade for the course in the range ‘A’ to ‘D’. The grade is generated by calculating the 
overall mark, which is sum of the exam and c/w marks, as follows: greater than or equal to 70 - ‘A’

greater than or equal to 50, but less than 70 - ‘B’

greater than or equal to 30, but less than 50 - ‘C’

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.

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

FS1: generate_grading function
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D.2.1.4 Step 2: Derive Test Conditions (TD2)

test item, based on knowledge and experience of similar errors in other test items that were tested in the past. For the generate_grading TCOND1: enter NULL (for FS1) TCOND2: enter 0 (for FS1) TCOND3: enter negative number (for FS1) TCOND4: enter inputs in reverse order (for FS1) TCOND5: (for FS1) TCOND6: (for FS1)
D.2.1.5 Step 3: Derive Test Coverage Items (TD3)

 TCOVER1: enter NULL (for TCOND1) TCOVER2: enter 0 (for TCOND2) TCOVER3: enter negative number (for TCOND3) TCOVER4: enter inputs in reverse order (for TCOND4) TCOVER5: (for TCOND5) TCOVER6 (for TCOND6)
D.2.1.6 Step 4: Derive Test Cases (TD4)

expected result and repeating until all test coverage items are included in a test case. For this example, this results in the following test cases.
Table D.1 — Test cases for error guessingTest Case 1 2 3 4Input (exam mark) NULL 25 NULL 0Input (c/w mark) 20 NULL NULL 20total mark (as calculated) 20 25 NULL 20Test Coverage Item TCOVER1 exam mark TCOVER1  c/w mark TCOVER1  TCOVER2 exam markExp. Output

Table D.2 — Test cases for error guessing continuedTest Case 5 6 7 8Input (exam mark) 25 0 -25 25Input (c/w mark) 0 0 20 -25
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Test Case 5 6 7 8total mark (as calculated) 25 0 -5 0Test Coverage Item TCOVER2  c/w mark TCOVER2  TCOVER3 exam mark TCOVER3  c/w markExp. Output
Table D.3 — Test cases for error guessing continuedTest Case 9 10 11 12Input (exam mark) -25 20 1234567890 25Input (c/w mark) -50 55 20 1234567890total mark (as calculated) -75 75 1234567910 1234567915Test Coverage Item TCOVER3  TCOVER4  TCOVER5 exam mark TCOVER5  c/w markExp. Output
Table D.4 — Test cases for error guessing continuedTest Case 13 14 15 16Input (exam mark) 1234567890 25Input (c/w mark) 1234567890 20total mark (as calculated) 2469135780 NULL NULL NULLTest Coverage Item TCOVER5  TCOVER6 exam mark TCOVER6  c/w mark TCOVER6  Exp. Output

D.2.1.7 Step 5: Assemble Test Sets (TD5)

into the one test set as follows:TS1: TEST CASES 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16.
D.2.1.8 Step 6: Derive Test Procedures (TD6)

D.2.1.9 Error Guessing Test CoverageAs stated in 6.4.1, there is no approach for calculating coverage of test coverage items for error guessing.
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Annex E (informative) 
 

 Guidelines and Examples for the Application of Interchangeable 
Test Design Techniques

E.1 Guidelines and Examples for Interchangeable Test Design Techniques

E.1.1 Overview

5.1). This 

password as input to determine whether the user is valid:
The component shall ask for a username and a password. The user must enter a correct username 
followed by a corresponding password to be logged into the system. The user is given three attempts 
each and 20 seconds each to enter the username and password. If the user does not enter both the 
username and the password within 3 tries each and within 20 seconds each, the system will be locked 
and disallow any further attempts to login.

Start

B1

Get username

B2
B3

Get password

B4
B5

End

(system locked) 

B6

[wrong username 

AND try < 3

[username OK]

[time > 20 seconds OR try = 3]

[wrong password 

[password OK]

End

(logged in)

B7

[time > 20 seconds 

OR try = 3]

E.1.2.2 Step 1: Identify Feature Sets (TD1)

FS1: login function
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E.1.2.3 Step 2: Derive Test Conditions (TD2)

program source code in the component, while the diamonds represent decisions. Arrows out of each diamond represent decision outcomes. The possible transfers of control are:

 TCOND1: (for FS1) TCOND2: (for FS1) TCOND3: (for FS1) TCOND4: (for FS1) TCOND5: (for FS1) TCOND6: (for FS1) TCOND7: (for FS1) TCOND8: (for FS1)TCOND9: (for FS1)
E.1.2.4 Step 3: Derive Test Coverage Items (TD3)

are the same as the test conditions. In this example there are nine test coverage items for branch coverage, as follows: TCOVER1: (for TCOND1) TCOVER2: (for TCOND2) TCOVER3: (for TCOND3) TCOVER4: (for TCOND4) TCOVER5: (for TCOND5) TCOVER6: (for TCOND6) TCOVER7: (for TCOND7) TCOVER8: (for TCOND8)TCOVER9: (for TCOND9)
E.1.2.5 Step 4: Derive Test Cases (TD4)
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exercise those sub-paths, determining the expected result of each test, and repeating until the required 
the 9 branches, giving 56% coverage (which is not the same as coverage for the decisions).
sub-path arises when an invalid username and an incorrect password are provided and the correct password is not provided within the 20 second time limit. Now all branches have been covered except in a row or waiting too long entering a valid one. Then all branches have been covered, including all decisions. Note that some conditions within decisions have not been covered.

Table E.1 — Test cases for login function

Test Case Inputs Sub-path Test Coverage Items Expected ResultUsername Username Wait time Password Password Wait Time1 Warhol  TCOVER1, TCOVER2, TCOVER4, TCOVER6, TCOVER9
Logged in

2 InVaLiD - InVAliDWarhol -   TCOVER1,TCOVER2,TCOVER3,TCOVER4,TCOVER6,TCOVER7, TCOVER8

locked

3 - TCOVER1,TCOVER2,TCOVER5 locked
E.1.2.6 Step 5: Assemble Test Sets (TD5)

TS1: TEST CASES 1, 2 and 3.
E.1.2.7 Step 6: Derive Test Procedures (TD6)
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E.1.2.8 Branch Testing CoverageUsing the formula provided in 6.3.2 and the test coverage items derived above:
Coverage branch( ) % %= × =

9

9
100 100Thus, 100% coverage of test coverage items for branch testing has been achieved.
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Annex F (informative) 
 

Test Design Technique Coverage Effectiveness

F.1 Test Design Technique Coverage Effectiveness

F.1.1 GuidanceUp to this point this standard has provided no guidance on either the choice of test design techniques be selected from Clauses 5 and 6
area, and cost. Research into the relative effectiveness of test case design and measurement techniques 
There is no requirement to choose corresponding test case design and test coverage measurement 

clause 6from the calculations thus making 100% coverage an achievable goal.With test completion criteria of 100% (and only 100%) it is possible to relate some of them in an ordering, where criteria are shown to subsume, or include, other criteria. One criterion is said to 
if branch coverage is achieved (to 100%), then statement coverage to 100% will be achieved as well.
test design techniques.
structure-based criteria are not related at all. A partial ordering of criteria is possible for structure-based test design techniques, as illustrated in Figure F.1 below, where an arrow from one criterion to 
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Figure F.1 — Partial Ordering of Structural Test Coverage Criteria (Reid 1996)Despite its intuitive appeal the subsumes relation suffers a number of limitations that should be considered before using it to choose test completion criteria:
be considered.
one criterion is used, with at least one functional and one structural criterion.

particular criteria but exercising this subset with more test cases.
Clause 5used elsewhere.
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Annex G (informative) 
 

ISO/IEC/IEEE 29119-4 and BS 7925-2 Test Design Technique 
Alignment

This annex describes the alignment of the test design techniques in this part of ISO/IEC/IEEE 29119 and BS 7925-2.
Table G.1 — BS 7925-2:1998 to ISO/IEC/IEEE 29119-4 test design technique mappingBS 7925-2:1998 ISO/IEC/IEEE 29119-4Test Design Techniques3.1 Equivalence Partitioning 5.2.1 Equivalence Partitioning3.2 5.2.33.3 State Transition Testing 5.2.8 State Transition Testing3.4 Cause-Effect Graphing 5.2.7 Cause-Effect Graphing3.5 5.2.43.6 Statement Testing 5.3.1 Statement Testing3.7 Branch/Decision Testing 5.3.2 Branch Testing5.3.3 Decision Testing3.8 Data Flow Testing 5.3.7 Data Flow Testing3.9 Branch Condition Testing 5.3.4 Branch Condition Testing3.10 Branch Condition Combination Testing 5.3.5 Branch Condition Combination Testing3.11 5.3.63.13 Random Testing 5.2.10 Random Testing

3.1 Equivalence Partition Coverage 6.2.2 Equivalence Partition Coverage3.2 6.2.33.3 State Transition Coverage 6.2.8 State Transition Testing Coverage3.4 Cause-Effect Coverage 6.2.7 Cause-Effect Graphing Coverage3.5 6.2.43.6 Statement Coverage 6.3.1 Statement Testing Coverage3.7 Branch and Decision Coverage 6.3.2 Branch Testing Coverage6.3.3 Decision Testing Coverage3.8 Data Flow Coverage 6.3.7 Data Flow Testing Coverage3.9 Branch Condition Coverage 6.3.4 Branch Condition Testing Coverage3.10 Branch Condition Combination Coverage 6.3.5 Branch Condition Combination Testing Cover-age3.11 6.3.6 Coverage3.13 Random Testing 6.2.10 Random Testing Coverage
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BS 7925-2:1998 ISO/IEC/IEEE 29119-4
B.1 Equivalence Partitioning B.2.1 Equivalence PartitioningB.2 B.2.3B.3 State Transition Testing B.2.8 State Transition TestingB.4 Cause-Effect Graphing B.2.7 Cause-Effect GraphingB.5 B.2.4B.6 Statement Testing C.2.1 Statement TestingB.7 Branch/Decision Testing C.2.2 Branch/Decision TestingB.8 Data Flow Testing C.2.4 Data Flow TestingB.9 Branch Condition Testing C.2.3 Branch Condition Testing, Branch Condition B.10 Branch Condition Combination TestingB.11B.13 Random Testing B.2.10 Random TestingTest Technique EffectivenessAnnex C Test Technique Effectiveness Annex F Test Design Technique Coverage Effectiveness
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