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Abstract

Because software testing is a repetitive and time-intensive task, a practical solution
is to turn to automation. Test automation, however, requires programming skills.
Testers, who typically know a lot about the application under test, often do not
have the programming skills to automate the testing effort. Grammar-based test
generation (GBTG) uses context-free grammars to generate strings in the language
described by the grammar. Given a grammar, a GBTG algorithm can produce test
cases for the application under test. Since testers typically have little programming
skills and are not likely to develop the grammars needed for practical testing, the
power of GBTG is unavailable to many testing practitioners.

To help address this problem, we have developed Dervish, a graphical user inter-
face which allows testers to use the power of GBTG. Our new tool allows testers to
modify parts of a grammar, generate test cases, and visualize generation trees. To

demonstrate the benefits of Dervish, we present the results of three case studies.
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Chapter 1

Introduction

For many years, software developers have been successful at creating a variety of
software products. For example, while the years behind us are filled with success
stories, they are also filled with a long history of software failures. In the past two
decades, many organizations have been victims of software failures. The Software Hall
of Shame [3], a listing of companies who have reported important software failures
from 1992 to 2005, shows that software projects are not always a success. Among the
most common factors of failure in software projects are poor development practices,

use of immature and untested technology, and commercial pressure.

1.1 Software Testing

Introducing software testing early in the development process can have a consid-
erable impact on the success of a project. For instance, detecting errors in the design
phase may prevent the same errors from appearing in the implementation phase.
While software testing may have a positive impact on a project, it also comes at
a price. Software testing is known to be a time-intensive task. Since organizations
usually have deadline, resource, and budget constraints, they must turn to software

testing practices which can adequately test their products within these constraints.

1.2 Test Automation

Faced with short deadlines and the pressure to do more with less, organizations
consider automation. Automating tests can provide several benefits. Dustin et al. [5]
have identified significant benefits of automating the testing effort. For instance, some
of the benefits observed are that test automation can improve some of the tasks of test-
ing such as test development, test execution, and analysis of test results. Typically,

automation requires programming skills. For example, creating scripts to automate



the execution of test cases, and the comparison of actual and expected output are
often difficult tasks. Testers, who usually know a lot about the application under
test, often do not have the programming skills or knowledge to automate the testing
process. Nonetheless, testers play an important role in the testing process because
they usually know the test cases that are likely to expose errors in the application

under test.

1.3 Grammar-Based Test Generation

If testers were provided with an approach to automate the generation of test cases
which did not require programming skills, they could use automation more effec-
tively to create the test cases that are likely to reveal errors in the application under
test. Grammar-based test generation (GBTG) is an approach to test generation. As
opposed to using context-free grammars to determine if a string is in the language
accepted by the grammar, GBTG uses context-free grammars to generate strings in
that language. A context-free grammar specifies the syntax of a language. For ex-
ample, a grammar may specify the syntax of the input to an application under test.
Using a grammar, a generator can produce test cases for the application under test.
Many tools have been designed and implemented to demonstrate the effectiveness of
GBTG [1, 6, 22]. Although the tools have helped testers and researchers learn about
GBTG, most of the time the tools are difficult to use except by the tool developers. In
addition, creating complex grammars requires programming skills and understanding

the language of a grammar may be a challenging task for the testers.

1.4 Application Domains of GBTG

For more than 30 years, we have seen extensive use of GBTG in many application
domains. The first domain in which GBTG has been used is compiler testing. In
1970, Hanford used a grammar to generate test cases for a PL/1 compiler [6]. His
work is the earliest known application of context-free grammars to testing. Hanford
inspired other researchers, such as Bird and Munoz, who later also applied GBTG to

test compiler programs, graphical output applications and sort/merge programs [1].



A major improvement to the work of Hanford is that they provided a mechanism
to determine whether a test case has passed or failed by predicting its execution
and comparing its execution with the predicted one at run time. Years later, Sirer
applied GBTG to the testing of Java Virtual Machine implementations [22]. Their
work describe lava, a language for specifying grammars which can be used to construct
complex test cases for testing JVMs. As a result of their work, faults were found in
the Sun JDK1.0.2 and Microsoft Java virtual machine implementations.

Compiler testing is not the only domain in which GBTG has been applied. Payne
generated test programs using grammars for the testing of overload conditions in real
time systems [20]. Duncan described how complex test cases could be generated from
a grammar for the testing of a text processing application [4]. Kaksonen developed
PROTOS, a tool to systematically test implementations of network protocols using
attribute grammars which model input syntax [13]. GBTG has also been used in
firewall testing [10, 23] and web testing [28].

More recently, GBTG has been applied to the testing of XML and XPath ap-
plications. Hoffman et al. applied GBTG in the testing of RSS clients for HTML
injection vulnerabilities [9]. Wang used GBTG to generate large XML documents
and corresponding XPath queries [25] and MacNamara used GBTG in the testing of
XPath interpreters [17].

1.5 Dervish: A New GUI for GBTG Tools

Our work focuses on providing support for testers so that they may use and
understand GBTG. To achieve this, we have designed and implemented Dervish, a
graphical user interface (GUI), which allows testers to interact with YouGen [23],
a GBTG tool. First, Dervish provides testers with the ability to use GBTG tools
without programming skills. Dervish allows testers to modify parts of a grammar and
invoke YouGen to generate test cases through a GUI. Dervish also provides help in
understanding complex grammars. By displaying generation trees, which are a useful
visual representation of derivations in a grammar, Dervish helps testers understand

how test cases are generated.



In this work, we identify three roles in the testing effort:

e The tool developers are experienced with GBTG and its application in different
domains. They are responsible for creating application programming interfaces

(APT’s) or frameworks for using GBTG tools.

o The grammar developers are responsible for using the API or framework and
applying GBTG to a specific domain. For instance, they may choose to use a
GBTG tool to test network protocols. They are also in charge of creating the

grammars which will be used by the testers to generate the test cases.

e The testers are in control of the test execution. They usually know a lot about
the application under test and the test cases which are likely to reveal errors,
but they do not necessarily have programming skills or knowledge to automate

the testing effort.

1.6 Case Studies

To observe the benefits of Dervish, we have conducted three case studies. The
first case study focuses on showing how to use Dervish to support the learning of
GBTG. In this case study, we present three simple grammars and show how testers
may interact with Dervish to learn about GBTG. The second case study focuses on
showing that Dervish may help testers understanding complex grammars. In this
case study, we present examples of complex grammars which generate a large number
of XML documents and show how Dervish can help testers in understanding the
language of a grammar by exploring generation trees. Finally, the third case study
focuses on using Dervish and applying GBTG to the testing of XPath interpreters.
In this case study, we are interested in observing whether testers can use Dervish
to modify parts of a grammar to generate test cases which may reveal errors in the

XPath interpreters.



1.7 Thesis Organization

Chapter 2 provides the reader with background material on GBTG and YouGen.
Chapter 3 presents Dervish and its main features. Chapter 4 describes the imple-
mentation of Dervish. Chapter 5 and 6 discusses the application of Dervish as a
tool to support the learning of GBTG and the understanding of complex grammars.
Chapter 7 applies Dervish to the testing of XPath interpreters. Chapter 8 presents
an overview of the related work in the field of test generation. Finally, Chapter 9
ends with the conclusions of this work and give suggestions for future work based on

the proposed solutions and the current results obtained.



Chapter 2
Background on GBTG and YouGen

This chapter introduces the background material of Dervish. In particular, a review of
GBTG terminology and concepts is presented as well as a description of the YouGen

tool and features.

2.1 Context Free Grammars

Natural languages and programming languages consist of words. For example,
Python contains words such as x, =, * +, or 1. The list of words form the vocab-
ulary of a language. When words are combined, they can create syntactically valid
sentences. For example, a syntactically valid Python statement is

T=x+ 1
However, a syntactically invalid Python statement is

r=1x+%1
The role of context-free grammars is to describe languages. A common use of context-

free grammars is to specify which sentences are syntactically valid or invalid.

2.1.1 Nonterminals, Terminals, and Rules

A context-free grammar is defined as G = (N, T, R, S) where S € N.

N is a finite set of non-terminal symbols.

T is a finite set of terminal symbols.

R is a finite set of rules where each rule consists of a left-hand side, the symbol

::=, and a right-hand side.

S is the start symbol.

A rule’s left-hand side is in N. A rule’s right-hand side consists of terminal or

non-terminal symbols in N or 7. A non-terminal symbol may be replaced with a



T ::= A B;
A ::=707;
A =1,
B ::=70";
B ::="71";

Figure 2.1: TwoBit grammar

rule’s right-hand side if the symbol and the rule’s left-hand side are identical. A
terminal is a literal and cannot be replaced with a rule’s right-hand side.

Figure 2.1 shows an example of the TwoBit grammar, where:

e N ={T, A B}

e I'={0",1"}

e R={T ::= AB/A ::=°0’,A ::=°1” B ::=°0",B ::= "1’}

e T is the start symbol, S

2.1.2 Derivation

A derivation results in a string in the language being generated. A derivation
consists of derivation steps. It begins with the start symbol and ends with only
terminal symbols. A derivation may be characterized as a leftmost or a rightmost

derivation.

2.1.2.1 Derivation Step

A derivation step is one of the steps in a derivation. A derivation step replaces a

non-terminal with a rule’s right-hand side.

2.1.2.2 Sentential Form
A sentential form is a sequence of non-terminals and terminals derived in zero or

more derivation steps from the start symbol of the grammar. A ground sentential



T = AB
= 0B
= 00

Figure 2.2: Leftmost derivation of string 0 0

T = AB
= AO
= 00

Figure 2.3: Rightmost derivation of string 0 0

form is a sentential form that contains only terminals and represents a string in the

language.

2.1.2.3 Leftmost Derivation
A leftmost derivation chooses the leftmost non-terminal for replacement. For
example, Figure 2.2 shows a leftmost derivation for the TwoBit grammar from Fig-

ure 2.1.

2.1.2.4 Rightmost Derivation
A rightmost derivation chooses the rightmost non-terminal for replacement. For
example, Figure 2.3 shows a rightmost derivation for the TwoBit grammar from Fig-

ure 2.1.

2.1.3 Language of a Grammar

The language of a grammar G, L(G), is the set of all strings generated by this
grammar. For example, Figure 2.4 shows the language generated by the TwoBit

grammar from Figure 2.1.

2.1.4 Recursive Grammar
A recursive grammar generates an infinite number of derivations. Figure 2.5 shows

an example of a recursive grammar. Nonterminal Zeros appears on both the right-



= = O O
_ O = O

Figure 2.4: The language of the TwoBit grammar

Zeros ::= ’'07;
Zeros ::= ’0’ Zeros;

Figure 2.5: Zeros grammar

hand side and the left-hand side of the second rule, which makes this grammar recur-

sive.

2.2 String Generation Using Grammars and YouGen

Parsing is the process used to determine if a string is in a language. This process
can be reversed. From a context-free grammar, it is possible to generate strings in
the language described by the grammar.

YouGen takes a grammar G and a non-terminal N, and generates L(G,N): the set
of all strings which can be derived from N using the rules of G. At each derivation

step, two important decisions are taken into consideration:

e In a sentential form with more than one non-terminal, which one is selected for

replacement?

YouGen selects the leftmost non-terminal for replacement. For example, Fig-
ure 2.2 shows the derivation steps of the string with 2 zeros from the TwoBit
grammar in Figure 2.1. First, non-terminal T is chosen and replaced with non-
terminals A B. Next, non-terminal A is chosen for replacement since it is the
leftmost non-terminal appearing in the sentential form. Nonterminal A is re-
placed with terminal 0. Next, non-terminal B is chosen for replacement. It is

replaced with terminal 0 which leads to the derivation of the string 0 0.

e Which rule is selected when two or more rules can be used for replacement?
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The first rule selected is the one appearing first in the grammar from top to
bottom. For example, Figure 2.1 shows two rules with non-terminal A on the

left-hand side. YouGen first selects A ::= 0’ and then A ::= 1.

2.3 Generation Trees

A generation tree is a useful representation of derivations in a grammar. In a gen-
eration tree, each node is a sentential form. The root node contains the start symbol
and each leaf node contains a string in the language of the grammar. Figure 2.6 shows
the generation tree for the TwoBit grammar from Figure 2.1.

A generation tree is visited in depth first traversal order. Each path from the root
to a leaf corresponds to a derivation. Each arc is annotated with a rule identifier
to specify which rule alternative is used in the derivation step associated with this
arc. A rule identifier is constructed by taking a rule’s left-hand side and adding an
integer. For example, reading the TwoBit grammar in Figure 2.1 from top to bottom,
the first rule which starts with non-terminal A has rule identifier A0, the second rule
which starts with non-terminal A has rule identifier A1, and so on. A generation tree
is different from a parse tree because a generation tree displays multiple derivations

in a single tree. A parse tree displays the derivation of a single string in a grammar.

2.4 XML Generation Trees

When YouGen generates the language of a grammar, it also logs the generation
tree in an XML-based file format. Figure 2.7 shows the XML generation tree structure
of the TwoBit grammar from Figure 2.1. The structure of an XML generation tree
consists of <gentree> elements. The children of a <gentree> are <id>, <s>, zero or
more nested <gentree>, and a <count>. The element text <id> is a rule identifier
specifying which rule alternative has been used to get from the parent sentential
form to the child sentential form associated with this rule. For example, on line 5
in Figure 2.7 rule identifier TO has been used to get from sentential form [T] (line
3) to sentential form [[A,B]] (line 6). The element text <s> is a sentential form

and represents the parse tree using nested lists. The element text <count> specifies
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T
"
AB

/\
A0 Al
/ \
0B 1B
BO B1 BOABl
/N /N
00 01 10 11

Figure 2.6: Generation tree of TwoBit grammar in Figure 2.1

the number of ground sentential forms in the subtree rooted at the <gentree> node
containing the element <count>. A leaf node has element text <count> set to one
since a leaf node contains a string in the language. For instance, <gentree> node
from line 10 to 14 has element text <count> set to one and similarly for <gentree>

node from line 15 to 19.

2.5 Count Trees

Although XML generation trees are useful at representing the structure of a gener-
ation tree, they are usually difficult to read. First, XML documents consist of markup
and content. Strings which constitute markup element either starts with <’ and end
with ’>’, or starts with '&’ and end with ’;’. XML generation trees contains several
markup elements such <gentree>, <id>, <s> and <count> which makes it challenging
to read. In addition, as a grammar gets larger, the XML generation tree produced
also gets larger. Therefore, we introduce count trees which help visualizing gener-
ation trees. A count tree shows the same information as a generation tree, except

that counts are explicitly shown. A node in a count tree consists of a rule identifier,
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<gentree>
<id>None</id>
<s>[T]</s>
<gentree>
<id>T0</id>
<s>[[A,Bl]</s>
<gentree>
<id>A0</id>
<s>[[[’0°],Bl]1</s>
<gentree>
<id>B0</id>
<s>[[[’0°],[°0°]11]1</s>
<count>1</count>
</gentree>
<gentree>
<id>Bi</id>
<s>[[[’0’],[’1°1]11</s>
<count>1</count>
</gentree>
<count>2</count>
</gentree>
<gentree>
<id>A1</id>
<s>[[[’1°],Bl1</s>
<gentree>
<id>B0</id>
<s>[[[’1’],0°0°]]11</s>
<count>1</count>
</gentree>
<gentree>
<id>Bi1</id>
<s>[[[’1°],0’1°]1]11</s>
<count>1</count>
</gentree>
<count>2</count>
</gentree>
<count>4</count>
</gentree>
<count>4</count>
</gentree>

Figure 2.7: XML generation tree of TwoBit grammar

12



13

None:4: [T]
TO:4:[[A, B]]

A0:2:[[[’0°], BI]
BO:1:[[[’0°], [’0°11]
Bi:1:[[[’0°], [’1°1]]

A1:2:[[[’1°], B]]
BO:1:[[[’1°], [’0°1]]
Bi:1:[[[’1°], [’1°]1]]

(a) Count tree from root to bottommost level

TO:4:[[A, B]]
A0:2:[[[’0°], BI1]
A1:2:[[[’1°], BIl]

(b) Count tree from TO to depth 1

Figure 2.8: Example of count trees for TwoBit grammar

a count, and a sentential form, each separated by a colon. Figure 2.8 shows two
examples of count trees for the TwoBit grammar from Figure 2.1. Each line consists
of one node, where the node at the top of the tree is the root. Figure 2.8(a) shows
the count tree from the root to the bottommost level. Figure 2.8(b) shows the count

tree from TO to depth 1.

2.6 Tags

Tags are added to a grammar to reduce the size of the language generated by the
grammar. YouGen supports several tags and allow zero or more tags to be attached

to each grammar rule. Each tag has the syntax: {tagName tagParameters}.

2.6.1 Count Tag

When tag {count C} is associated with rule R for non-terminal N, YouGen does
not allow more than C strings to be derived using R for non-terminal N. Figure 2.9(a)
shows an example of the Zeros grammar with the count tag. From the first invocation
of the tagged rule Zeros, no more than 2 strings can be generated so that it does not

exceed the count tag limit of 2.
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Zeros ::= ’0’;
{count 2} Zeros ::= ’0’ Zeros;

(a) Zeros grammar with count tag

Zeros ::= ’0’;
{rdepth 2} Zeros ::= ’0’ Zeros;
(b) Zeros grammar with rdepth tag

Zeros ::= ’0’;

{depth 3} Zeros ::= ’0’ Zeros;
(c) Zeros grammar with depth tag

Figure 2.9: Zeros grammars with tags

2.6.2 Recursive Depth Tag

When tag {rdepth D} is associated with rule R, then YouGen does not allow R
to be applied more than D times on any path in the parse tree.

Figure 2.9(b) shows an example of applying the rdepth tag to second rule Zeros.
Figure 2.10 shows the parse tree for 3 zeros. Since the second rule Zeros is applied
at most 2 times on any path in the parse tree, which does not exceed the limit of 2

set by the rdepth tag, 3 zeros can be generated.

2.6.3 Depth Tag

When tag {depth D} is associated with rule R for non-terminal N, YouGen limits
the paths generated by R in the parse tree below N to depth D.

Figure 2.9(c) shows a grammar applying the depth tag to the second rule Zeros.
Figure 2.10 shows the parse tree for 3 zeros. Since the parse tree contains no more
than 3 paths below non-terminal Zeros, which does not exceed the limit of 3 set by

the depth tag, 3 zeros can be generated.
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Zeros
0 Zeros
0 Zeros

501

Figure 2.10: Parse tree of 3 zeros for the Zeros grammar

2.6.4 Covering-Array Tag

When a cov tag is associated with a rule, a covering-array algorithm is used in
the generation strategy used by YouGen. A covering-array generates a subset of the
cross product of the parameters given as inputs. The cross product of the input
parameters is defined as the test space. When the test space is large, a lot of test
cases are generated. Therefore, to reduce the number of test cases, a covering-array
may be used.

The cov tag syntax is {cov [P, ..., P,]}, where each P, is a coverage specifica-
tion. Each coverage specification consists of an index set and a strength. An index set
is a subset of [0..N — 1], where N denotes the number of parameters. The parameters
consist of the non-terminals and terminals appearing on the right-hand side of the
rule associated with a cov tag.

For example, Figure 2.11 shows an example of the Call grammar and Figure 2.12
shows the language generated by the Call grammar. When the rule with non-terminal
Call on the left-hand side is associated with the tag {cov ([0,1,2],2)}, YouGen
generates the strings shown in italics. The cov tag has one coverage specification
([0,1,2],2). The index set is [0,1,2] and specifies that Caller0S, ServerO(S,
and Callee0S are the parameters to the covering-array algorithm. The strength

is 2 and specifies that the combinations of each of the three pairs of parameters
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Call ::= Caller0S Server(0S Callee(S;
Caller(0S ::= ’Mac’;
CallerO0S ::= ’Win’;
Server0S ::= ’Lin’;
Server(0S ::= ’Sun’;
Server(0S ::= ’Win’;
Callee0S ::= ’Mac’;
Callee0S ::= ’Win’;

Figure 2.11: Call grammar

Caller0S Server0S Callee(S

1 Mac Lin Mac
2 Mac Lin Win
3 Mac Sun Mac
4 Mac Sun Win
5 Mac Win Mac
6 Mac Win Win
7 Win Lin Mac
8 Win Lin Win
9 Win Sun Mac
10 Win Sun Win
11 Win Win Mac
12 Win Win Win

Figure 2.12: Language of Call grammar

must be considered. For example, the cross product of Caller0S and CalleeQS
is: {(Mac,Mac), (Mac,Win), (Win, Mac), (Win,Win)}. The first pair appears in row 1 of
Figure 2.12. The other pairs are found in row 4, 8 and 9. The same exercise must
be executed for the pairs of parameters: Caller0S and Server0S, and Server0S and

CalleeOS.
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2.7 Embedded Code
2.7.1 Global Precode

The global _precode block is executed once before the generation begins. It often
contains declarations and initializations of global variables, and system actions, such

as opening files [8]. The syntax is: {global_precode arbitrary_python_code_block}

2.7.2 Global Postcode
The global _postcode block is executed once after generation ends. It is typically
used for exit tasks, such as closing a file [8]. The syntax is: {global_postcode

arbitrary_python_code_block}

2.7.3 Precode
The code which is executed just before invocation of a rule to which the precode

is attached [8]. The syntax is: {precode arbitrary_python_code_block }

2.7.4 Postcode
The code which is executed as soon as a string derived from a rule is available [8].

The syntax is: {postcode arbitrary_python_code_block}

2.8 Generator Nonterminals

Generator non-terminals are used when a non-terminal must be used to specify a
long sequence of terminal alternatives. For example, to create a grammar representing
the Roman alphabet, 52 separate rules would be required to express the lowercase
and uppercase letters of the alphabet. Instead, a generator non-terminal may be used
as a shorthand to generate each letter of the alphabet.

Grammar developers can create their own generator non-terminals, but YouGen
also provides three built-in generator non-terminals: Range, List, and File. The

syntax and semantics are defined in Sobotkiewicz 23] and are revisited below.
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G ::= Range(0,1,10);

Figure 2.13: Example of grammar using the Range generator nonterminal

G ::= List(’hello’,’world’,’this’,’is’,’a’,’list’,’generator’);

Figure 2.14: Example of grammar using the List generator nonterminal

2.8.1 Range

e Syntax: Range (start, skip, count)

e Semantics: Generates count integers from start, incrementing the value by skip

after each derivation.

e Example: Figure 2.13 shows a grammar which generates the integers 0 to 9.

2.8.2 List

e Syntax: List (iteml, item?2, ..., itemN)

Each item is a string enclosed in quotation marks.
e Semantics: Generates each item in the list from left to right.

e Example: Figure 2.14 shows a grammar which generates 7 words.

2.8.3 File

e Syntax: File(filename)

filename is a path to a file which contains a list of strings separated by newlines.

e Semantics: Generates one string for each line in filename.
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Chapter 3
Dervish: A New GUI for GBTG tools

This chapter introduces the new tool, Dervish, which allows testers to visualize gen-
eration trees and provides them with support to generate the test cases they need.
Dervish consists of a text-based and a GUI-based version. The text-based version
was implemented as a first attempt to display generation trees and its main features
and functions were ported to a GUI-based version. The GUI-based version provides
support for test case generation in addition to allowing testers to visualize genera-
tion trees. The features and functions of the text-based version are presented first,
followed by the ones of the GUI-based version. The next chapter will describe the

implementation of each version.

3.1 Text-Based Version

The core feature of the text-based version is to display generation trees. It has
been designed as a command line interpreter that parses an XML generation tree,
reads commands issued by the user, and displays count trees as output.

The text-based version is implemented using Python. To run the tool, type the
following command in a terminal window.

./dervish.py <filename>
dervish.py is a configuration script specifying a path to the directory where Dervish
is located and <filename> is an XML generation tree file.

The following subsections present the syntax and semantics of each command
supported in the text-based version and provides some examples on how to invoke

each command.

3.1.1 explore Command

e Syntax: explore [-q] [-d n] [path]
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$:explore —q

None:4
TO:4

AO:2
BO:1
Bi:1

Al1:2
BO:1
Bi:1

Figure 3.1: Count tree of TwoBit grammar with no sentential forms displayed

n is a nonnegative integer and path is a list of rule ids, each separated by a

slash, that appears in a generation tree path.

e Semantics: The explore command takes three optional parameters and allows
users to display count trees from an XML generation tree. The first parameter
is the quiet flag: —-q. When supplied, sentential forms are not displayed in the
count tree. The second parameter is the depth flag: -d followed by n. When
supplied, n specifies the number of levels to be displayed in the tree. The third
parameter is a path and represents the path to a node. Specifically, it shows the
list of all its ancestors, plus the node name, separated by slashes. If the path
is omitted, the path to the root is used as path. Node paths are not unique. If
two or more nodes using the same rule id are at the same level in a count tree,
an index, enclosed within square brackets, can be specified to select one of the

rule alternatives.

e Example: explore -q

Figure 3.1 shows the count tree for the Twobit grammar from Figure 2.1, which
results from typing the command with the quiet flag: -q. The sentential form

which would appear as third element at each node in the count tree is omitted.

e Example: explore -d 2
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$:explore -d 2

None:4: [T]
TO:4:[[A, Bl]
A0:2:[[[’0°], BI]
A1:2:[[[’1°], BI]

Figure 3.2: Count tree of TwoBit grammar from root to depth 2

$:explore /TO/AO

A0:2:[[[’0’], BI]
BO:1:[[[’0°], [’0°]1]]
Bi:1:[[[’0’], [’1°]1]1]

Figure 3.3: Count tree of TwoBit grammar from AO to bottommost level

Figure 3.2 shows a count tree for the Twobit grammar which results from typing
the command with the depth flag: -d. Since the command is supplied with
depth d set to 2, no more than 2 levels are displayed below the node specified in
the path parameter. In this example, the path parameter is omitted, therefore

the root is used as the initial level displayed in the count tree.

e Example: explore /T0/AO

Figure 3.3 shows a count tree for the Twobit grammar which results from typing
the command with a path. This command indicates that the node named AO

can be found immediately below the node named TO, which is at toplevel.

3.1.2 setindent Command

e Syntax: setindent n

n is a nonnegative integer.

e Semantics: The setindent command takes a nonnegative integer n and speci-
fies the number of spaces of horizontal indentation between a parent node and

each of its children.

e Example: setindent 2
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$:setindent 2
$:explore
None:4: [T]
TO:4:[[A, B]]
A0:2:[[[’0°], Bl]
BO:1:[[[’0’], [’0’]]]
Bi:1:[[[’0’], [’1’]]]
A1:2:[[[’1°], BI]
BO:1:[[[’1°], [’0°]]]
Bi:1:[[[’1°], [’1°]1]1]

Figure 3.4: Count tree of TwoBit grammar with indentation n set to two spaces.

$:help

Documented commands (type help <topic>):

exit explore help setindent

Figure 3.5: Example of typing the help command and the result returned

Figure 3.4 shows the count tree for the Twobit grammar which results from

setting indentation n to two spaces.

3.1.3 help Command

e Syntax: help [command]
command is the name of a command supported in Dervish.

e Semantics: The tool provides a help command which gives access to the com-
mands available and their documentation.

e Example: help

Figure 3.5 shows the result from typing the command with no arguments. The

list of commands supported by the text-based version is displayed.
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3.2 GUI-Based Version

The GUI-based version provides support for test cases generation and visualiza-
tion of generation trees. Specifically, it allows testers to customize grammars by
manipulating tags and generator non-terminals to generate the test cases they need.
Also, the GUI-based version provides support to understand test case generation by
allowing testers to explore generation trees.

Dervish’s GUI is implemented using wxPython, a GUI toolkit for Python. Before
running Dervish, the configuration script dervish.py must specify the path to the
directory where YouGen is located. Then, Dervish can be run by typing the following
command in a terminal window.

dervish.py gui

The following subsections first present an overview of the main window followed
by the main features and functions of Dervish. The features and functions are di-
vided into three subsections and are presented in the following order: Menu Features,

Grammar Features, and Generation Tree Features.

3.2.1 Overview of The Main Window

Figure 3.6 shows the main window of Dervish applied to the grammar in Figure 2.5.
The menu bar, located at the top of the window, provides access to functions such as
opening or modifying a grammar file. The left panel shows grammar rules as read-
only and tags as clickable underlined text. The right panel shows the generation tree
and the bottom panel shows the language generated by the grammar. A status bar,
located at the bottom of the window, provides feedback to the user when interacting
with the application. In this example, the grammar generates three strings. Dervish

displays each one of the strings on a separate line, in the order they were generated

by YouGen.

3.2.2 Menu Features

This section presents the operations available in the menu bar. The menu bar

places commands under three different menus: File, Grammar, and Run.
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File Grammar Run
Zeros :="0"; Generation Tree Panel (=]
Path: |fZer051 |
rdepth Depth: [ Show Sentential Form Explore
Zeros ;1= Feros '0' ;
~ Zerosl:2

Zeros0:1

Zerosl:1
Output Panel B8
0
00
000
Language generated

Figure 3.6: Dervish screenshot of Zeros grammar

3.2.2.1 File Menu

The file menu contains two menu items: Open File and Quit, shown in Figure 3.7.
Menu items are assigned a shortcut key to facilitate interation with the tool.

The Open File option allows users to select a grammar file ending with suffix
’.gr’ or ’.py’. When a grammar file is opened, Dervish displays the grammar rules
as shown in the left panel of Figure 3.6. Both terminals and non-terminals appear in
normal font; terminals are enclosed with single quotes. Underlined text is clickable
and represents tags and generator non-terminals. For example, Figure 3.6 shows the

rdepth tag applied to the second Zeros rule.

3.2.2.2 Grammar Menu
The Grammar menu provides an option to add tags to grammar rules as shown
in Figure 3.8. This option allows users to associate a count, cov, depth, or rdepth

tag with a rule. For example, Figure 3.9 shows the window that appears when users
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File | Grammar BRun

Open File... Ctrl+0
Quit Ctrl+Q

Figure 3.7: File menu options and their associated shortcut keys

File | Grammar | Run

Add Tag... Cirl+T

Figure 3.8: Grammar menu option and its associated shortcut key

select the Add Tag menu option. The top portion of the window shows a list of
grammar rules and allows users to select a rule to which a tag will be added. The
highlighted item specifies the rule selected to add a tag. The bottom portion of the
window allows users to select the tag to be associated with the highlighted rule. Once
a tag is selected, an entry becomes visible next to the tag to add the tag parameter.

In this example, the user is adding tag {count 1} to the second Zeros rule.

3.2.2.3 Run Menu

The Run menu contains one command and two options, as shown in Figure 3.10.
When selecting the Run command, Dervish invokes YouGen to generate the language
of the grammar. If the Show Output option is checked, the language generated is
displayed in the bottom panel. If the Log Generation Tree option is checked, YouGen
logs the generation tree to an XML file which is later parsed and displayed by Dervish.



(o]

YouGen GUI

File Grammar Run

Zeros ::="0"

rdepth

Zeros ;= Zeros '0'

. Generation Tree Panel

Path:
Add'Tag

~Select rule to add tag:

Zeros ::='0";

Zeros ::= Zeros '0';

-Select tag

Output Panel

00
000

Cancel ”

Language generated

Figure 3.9: Dervish screenshot of Add Tag window

File

Grammar | Run

Bun

Ctri+1

¥ Show Output
¥ Log Generation Tree

Figure 3.10: Run menu options and its associated shortcut key
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Zeros = Zeros '0';

Set rdepth: |2

Delete || Cancel H Ok |

Output Panel

Opened file:/home/david/gen_calc/10jan10/grammars/zeros_rdepth2.gr

YouGen GUI =]
File Grammar Run
Zeros i='0"; Generation Tree Panel (=]
Path: | |
rdepth Depth: [] Show Sentential Form | Explore ‘

Figure 3.11: Dervish screenshot of rdepth tag dialog box

3.2.3 Grammar Features

Dervish allows users to modify tags and generator non-terminals.

3.2.3.1 Tags

27

In the grammar panel, tags are shown as clickable underlined text and are asso-

ciated with the rule that appears on the following line. Only tag names, rather than

the full tag text, are displayed. When a tag’s underlined text is clicked, a dialog box

displaying the tag parameters appears and allows users to delete the tag, modify the

tag parameter, or cancel the modification. For instance, Figure 3.11 shows the dialog

box that appears when the user clicks on the rdepth tag.

The dialog boxes for the count and depth tags are similar to the one used for

rdepth tag.

When the user clicks on a cov tag, a dialog box appears as shown in Figure 3.12.

The user can select a coverage specification and modify its parameters and strength.
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YouGen GUI =]

File Grammar Run

Generation Tree Panel 8
cov | |

Call ::= Caller0S Server0S Callee0s ; e

Depth: [] Show Sentential Form Explore
Caller0s ::= 'Macintosh' ; P E | P ‘

Caller0s ::= 'Windows' ;

. Cov. Specifications: Parameters:
Server05 ::= 'Linux';
Specification 1 v | Calleros | Add Cov |
ServerQ5 ::= 'Sun0s’ ; [] serveros -
) Callee0s | Remove Cov |
ServerQS ::= "Windows' -

CalleeOs ::= 'Macintosh’

Strength:

Callee0s = "Windows' ;

Delete ” Cancel ” Ok |

TT
Output Panel B8

Opened file:/home/david/gen_calc/10jan10/grammars/call.gr

Figure 3.12: Dervish screenshot of cov dialog box

Coverage specifications can also be added or removed by clicking on the Add Cov
or Remove Cov buttons. Users can remove the cov tag using the delete button.
Otherwise, modifications to the cov tag are applied when the user clicks on the Ok

button.

3.2.3.2 Generator Non-Terminals

Similar to tags, generator non-terminals are displayed as clickable underlined text.
In the grammar panel, only their names, rather than the full generator non-terminal
text, are displayed. Therefore, to accesss their parameters, the user must click on the
generator name. For example, Figure 3.13 shows the dialog box that appears when
the user clicks on the Range generator non-terminal. The user can modify the start,
skip, and end parameters.

Currently, YouGen provides three generator non-terminals, Range, List, and

File. Since grammar developers can also create their own generators, Dervish has
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YouGen GUI =]

File Grammar Run

A= Range ;

Generation Tree Panel 8

Path: | |

Depth: ‘ [] Show Sentential Form Explore ‘
start |0 |
skip |1 |
end 5 |

Cancel || Ok |

Output Panel B8

Opened file:/home/david/gen_calc/10jan10/qui/scenario/range.gr

Figure 3.13: Dervish screenshot of Range generator non-terminal

been designed to support custom generators. The steps to create a custom gen-
erator are similar to the ones presented in YouGen [23]. A sub-class of YouGen’s
Terminal generator class is created in the global precode section. However, in-
stead of providing two methods, the class must now provide at least four methods.

The four methods to be provided by the class are:

e __init__(self,param_list): a constructor. param_list is a list containing all

parameters specified for this generator non-terminal.

e generate(self): a generator function which is called when the rule containing

the generator non-terminal is derived.

e get_parameters(self): a function which returns a list of triples. Each triple
consists of a label, type, and validating function object. Label is a string used
as parameter name to be displayed in the dialog box. Type is the data type of

the parameter and the validating function object is a function to validate the
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parameter when the user clicks on the Ok button in the dialog box.

e validate param(self,param): This function is used to validate a parameter
of the generator non-terminal. If validation fails, it must return a string speci-
fying the message to display to the user, or return None otherwise. If necessary,
the grammar developer can specify more than one validating function, one for

each generator non-terminal parameter.

Figure 3.14 shows a grammar that uses a generator non-terminal to generate
N positive even integers starting at Start, and Figure 3.15 shows this grammar in
Dervish. The EvenNumbers generator non-terminal button has been pressed, bringing

up a dialog box which graphically displays the generator non-terminal EvenNumbers (5,2).

3.2.3.3 Embedded Code

Dervish does not display or allow modification of embedded code. If embedded
code is present in a grammar file, it will not appear in the grammar panel of Dervish.
For example, Figure 3.16 shows the Zeros grammar with embedded code, and Fig-

ure 3.17 shows the result of displaying this grammar in Dervish.

3.2.4 Generation Tree Features

Similar to the text-based version, the GUI also supports the display of generation
trees. Figure 3.18 shows the generation tree of the Zeros grammar with tag {rdepth
4}. As shown in this figure, the top portion of the generation tree panel consists of
four items: two textboxes, one checkbox and one button. The textboxes are used to
specify the path and depth of the generation tree and the checkbox is used to show
sentential forms. When the user clicks on the Fxplore button, the generation tree is
displayed in the bottom portion of the panel. In this figure, the generation tree from
path /Zeros1 to depth 2 is shown. A tree widget is used to display the generation
tree. This widget is similar to the ones used to display directory structures in file

manager applications such as Windows Explorer. It allows nodes to be expanded or



{global_precode
class EvenNumbers(Terminal_generator):
def __init__(self,param_list):
# constructor
self .param_list = param_list

def generate(self):
# generates the first N positive even integers
# starting at start
N = self.param_list[0]
start = self.param_list[1]

if start % 2 !'= 0:
start += 1

for i in range(O,N):
yield start
start += 2

def get_parameters(self):
# returns the list of parameters
return [(°N (how many):’,int,self.validate_param),\
(’Start:’,int,self.validate_param)]

def validate_param(self,param):
# validates param is greater or equal than O
if param < O:
return ’Illegal value for parameter °’
return None
+
A ::= EvenNumbers(5,2);

Figure 3.14: Example of a Custom Generator Non-Terminal
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YouGen GUI =]

File Grammar Run

Generation Tree Panel B
Path: | |

Depth: E [ show Sentential Form

EvenNumbers

N (how many):

a::= EvenNumbers ;

Cancel ” Ok |

Output Panel B8

2
4
]
8
10

|Language generated

Figure 3.15: Dervish screenshot of EvenNumbers grammar

{global_precode
x = ’hello_world’
def foo(y):

return y+y

}
{postcode
print ’post ZerosO:’, s
}
Zeros ::= ’07;
{postcode
print ’post Zerosl:’, s
}
{rdepth 2}
Zeros ::= Zeros ’0’;

Figure 3.16: Zeros grammar with global_precode and postcode blocks
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YouGen GUI

File Grammar Run

Zeros :="0"; Generation Tree Panel (=]
Path: | ]

o : ol Form [_xplore |
Depth: [] Show Sentential Form m
Zeros = Zeros '0'; P [:

Output Panel B8
post Zeros0: ['0'] -
4]

post Zeros0: ['0']

post Zeros1: [['0'], '0']

00

post Zeros0: ['0']

post Zeros1: [['0'], '0']

post Zeros1: [[['0], '0'], '0']
000

<]

| Language generated

Figure 3.17: Dervish screenshot of Zeros grammar with embedded code

collapsed and takes minimal window space which is beneficial when displaying large

generation trees.



Zeros 1= Zeros '0';

YouGen GUI =
File Grammar PRun
Zeros ='0"; Generation Tree Panel
Path: [,’Zerosl
rdepth

Depth: Show Sentential Form

~ Zerosl:4:[[Zeros, '0']]
Zeros0:1:[[['0'], '0'1]
~ Zerosl:3:[[[Zeros, '0'], '0']]
Zeros0:1:[[[['0'], '0°], '0']]
Zerosl:2:[[[[Zeros, '0'], '0'], '0']]

Qutput Panel

00
000
0000
00000

| Language generated

Figure 3.18

: Dervish screenshot of Zeros grammar with rdepth 4
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Chapter 4

Dervish Design and Implementation

This chapter explains the design and implementation of Dervish. First, the text-based
version is presented, followed by the GUI version. In each version, the implementation
is divided into a group of modules which are composed of classes and functions. For
each version, a description of the modules is presented along with the number of

classes, functions, and lines of code.

4.1 Text-Based Implementation

4.1.1 Modules
Lines of code: 104

Classes: 1
Functions: 3
The text-based version is divided into two modules: a main module and a gener-
ation tree module. The total number of lines of code, classes and functions is shown

above.

4.1.1.1 Main Module
Lines of code: 54

Classes: 1
Functions: 0
The main module, which is composed of one class, is responsible for interpreting
and executing commands specified by the user. The module executes code to create
a loop, prompting the user to enter a command. When a command is entered, it is
parsed and dispatched to its executing method. Four executing methods exist and
are called when the user types explore, help, setindent, or exit.

The executing methods for each command are now presented:
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e explore method: executes code to parse arguments passed to the explore com-
mand and to call the generation tree module which is responsible for displaying

count trees on the screen.

e help method: executes code to parse arguments passed to the help command.
If one argument is supplied and matches one of the four Dervish commands, this

method executes code to display the command’s documentation on the screen.

e setindent method: executes code for setting the number of spaces of indenta-

tion used between a parent node and its children when count trees are displayed.

e exit method: executes code to exit the loop and to gracefully terminate the

program.

The main module also stores the XML generation tree in a data structure in mem-
ory using the ElementTree library available in Python’s standard distribution. The
data structure representing the XML generation tree is later used by the generation

tree module to display count trees.

4.1.1.2 Generation Tree Module
Lines of code: 50

Classes: 0
Functions: 3
The generation tree module is responsible for traversing the internal representation
of the XML generation tree and displaying count trees on the screen. When the main
module receives the explore command as user input, this module is invoked. The
module contains a routine which recursively visits each node of the tree exactly once
and displays it on the screen. When the explore command is supplied with depth
n, the routine uses n as a depth limit and stops displaying nodes after reaching that
limit. When the explore command is supplied with path p, the routine first traverses

the tree along p before displaying the nodes from the generation tree.
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4.2 GUI Implementation

4.2.1 Modules
Lines of code: 655

Classes: 8
Functions: 5
The GUI version is divided into seven modules. The total number of lines of code,

classes and functions is shown above.

4.2.1.1 Main Module
Lines of code: 227

Classes: 2
Functions: 0

The main module is composed of two classes: DervishApp and DervishGUI. It is
responsible for creating the application window which contains three panels, a menu
bar, and a status bar. The main module also declares event handler functions which
are called when the user selects options from the menu bar, clicks on a tag or generator
non-terminal from the grammar panel, or explores the generation tree.

This module is also responsible for invoking modules from YouGen to parse and
generate the language of a grammar. When a grammar file with suffix ’>.gr’ is
opened, YouGen’s parser module is invoked followed by a call to YouGen’s code
generator to translate the grammar into an executable Python module. The module
is then imported into Dervish, giving access to the rule database. At this point, the
main module calls the display rule module to show the rules in the grammar panel.
When a grammar file with suffix ’ . py’ is opened, only the last two steps are executed:
the module is imported into Dervish and the display rule module is called.

To generate the language of a grammar, the main module invokes YouGen’s
generate_language() function and displays the strings generated in the bottom

panel.
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4.2.1.2 Display Rule Module
Lines of code: 38

Classes: 0
Functions: 3
The display rule module displays grammar rules to the grammar panel. While
rules are displayed in normal text font and following YouGen’s syntax, tags and
generator non-terminals are displayed as clickable underlined text. Specifically, tag
and generator non-terminal names are displayed rather than the full tag or generator

text.

4.2.1.3 Tag Module
Lines of code: 148

Classes: 2

Functions: 2
The tag module is responsible for displaying and modifying tag parameter(s). This
module is called when a user clicks on a tag in the grammar panel. A dialog box is
created which allows users to delete the tag or modify the tag parameter(s). This
module is also responsible for validating tag parameters. When a tag parameter is
modified, the module checks whether the modification is valid. For example, when a
user modifies a rdepth tag, this module verifies that the tag parameter is an integer
equal or greater than zero. When tag parameters are validated, the module modifies
the tag in the rule database. Otherwise, a pop-up window displays an error message

specifying that the modification is not valid.

4.2.1.4 Generator Non-Terminal Module
Lines of code: 53

Classes: 1
Functions: 0
The generator non-terminal module is responsible for modifying and displaying
generator non-terminal parameters. When the user clicks on a generator non-terminal

button, the main module invokes this module to display a dialog box containing the
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generator parameter(s). Since the number of parameters can vary from one genera-
tor non-terminal to another, this module calls the get_parameters() function from
the generator instance to dynamically create widgets such as labels and textboxes
needed to hold each parameter. The get_parameters() function is used to retrieve
the number of parameters, the labels to be displayed in the dialog box, and the type
and validating function of each parameter. This module then uses each parameter’s
validating function to test whether each parameter is valid. Once a parameter is
validated, the module modifies the generator non-terminal in the rule database. Oth-
erwise, a pop-up window displays an error message specifying which parameter is not

valid.

4.2.1.5 Add Tag Module
Lines of code: 92

Classes: 1

Functions: 0
This module is responsible for displaying the dialog box that appears when the Add
Tag option is selected from the Grammar menu and adding a tag to the rule database.
When the dialog box is created, this module first displays the grammar rules in a list
box. When a rule is selected, the module enables a drop down list containing the tags
supported in YouGen. When a tag is selected, the module displays a textbox which
allows the user to enter the tag parameter(s). When the user clicks the Ok button,
the module calls functions from the tag module to validate the tag parameter. If
the validation process succeeds, this module adds the newly created tag to the rule
database. If the validation process fails, a pop-up window displays an error message

specifying which parameter is not valid.

4.2.1.6 Generation Tree Module
Lines of code: 50

Classes: 0
Functions: 3

The generation tree module is called by the main module when the user clicks
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on the Explore button. This module is similar to the generation tree module of the
text-based version. While the text-based version displays generation trees as text, the
GUTI version uses a tree widget. The tree widget handles expansion and contraction
of nodes.

Similar to the text-based version, this module contains a routine which recursively
visits each node of the generation tree and displays it on the screen. If depth n is
supplied, the routine stops displaying nodes after reaching that depth. If path p
is supplied, the routine first traverses the generation tree along p before it starts

displaying nodes from the generation tree.

4.2.1.7 Layout Module
Lines of code: 47

Classes: 2

Functions: 0
The layout module is responsible for two tasks: to lay out widgets on the screen
and to provide a generic dialog box skeleton. This module is composed of two classes:
Grid and DialogBox. When instantiated, a Grid object takes a list of widgets and
displays them in a two-dimentional grid. The grid can then be placed and aligned
on a window which is eventually displayed to the user. Although two-dimentional
grids are not visible, they are used in dialog boxes to display tag and generator
non-terminal labels and parameters. The DialogBox class is used as a base class to
dialog box classes of tags and generator non-terminals. The DialogBox class contains
widgets such as the Ok and Cancel buttons and a two-dimensional grid used to lay

out widgets.

4.3 Call Graph

This section presents the call graph of Dervish’s GUI, shown in Figure 4.1. The
main operations, shown in italics, are executed by Dervish as a response to user events
such as launching the application, opening a grammar file, exploring the generation

tree, and others. Each line below an operation shows the name of a function and
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each function calls the functions which are below it and tabbed to the right. For
example, on startup dervish.py executes code to create the application instance by
calling DervishApp.__init__, shown in line 2. Next, the application instance calls
DervishGUI.__init__ to create the main window, the menu and status bar, and the
three panels. Then, the application instance enters a loop and waits for an event to
occur. Each event is dispatched to an event handler function located in DervishGUI.

The role of the open operation (line 5) is to load and display a grammar file on
the screen. First, when the user selects the Open File option from the File menu,
the DervishGUI.on_open() function is triggered. Second, the grammar file is opened
and read by calling function DervishGUI.load grammar (). Third, YouGen’s parser
and code generator modules are called to translate the grammar into an executable
Python module. Finally, the module is loaded and the function display_grammar ()
from the DervishGUI class accesses the rule database to display the grammar on the
screen.

The run operation (line 11) is invoked from the Run menu option. This results
in a call to the event handler function DervishGUI.on_run(). This function invokes
YouGen to generate the language of the grammar by calling generate_language ()
from the YouGen NG module.

The modify tag operation (line 14) is invoked when the user clicks on an underlined
tag in the grammar panel. First, the DervishGUI.on click() event handler function
is called. Then, a dialog box instance is created by calling TagDialog.__init__.
When the user presses the Ok button, the TagDialog.on_ok() event handler function
is called. This function calls the validate_tag() function to check that the tag
parameter entered is valid.

The modify generator non-terminal operation (line 19) is similar to the modify
tag, with some differences in the number of functions called. The dialog box instance
of a generator non-terminal calls the get_parameter () function of the generator non-
terminal instance to retrieve the parameters to be displayed in the dialog box. When
the user clicks the Ok button, the validating param() function of each parameter

is called.
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The add tag operation (line 25) is invoked when the user selects the Add Tag option
from the Grammar menu. The event handler function DervishGUI.on_add_tag() is
invoked and creates a dialog box by calling the AddTag. _init__ function. When the
user presses the Ok button, the AddTag.on ok () function is called. At this point, the
tag parameter is validated by calling validate_tag().

The ezplore gentree operation (line 30) is invoked when the user clicks on the Ez-
plore button in the generation tree panel. The first function called is the event handler
DervishGUI.on explore(). It retrieves the information entered in the textboxes la-
beled path and depth, and the checkbox labeled show sentential form. Next, the
parse_path() function is called to split the path value into a list of rule ids. Then,
the generation tree is traversed along the path before it is displayed on the screen.

Finally, lines 35 and 36 show the ezit operation.

4.4 Testing of Dervish

Testing Dervish consisted of testing (1) the text-based version and (2) the GUI-
based version. For the text-based version, a test case consisted of an XML generation
tree file, a command and an expected output. The XML generation tree file is pro-
duced by running YouGen on a grammar. YouGen comes with a collection of test
grammars which have been used to test Dervish and to create XML generation trees.
Once an XML generation tree is created, it is used as input to the application under
test, which is the text-based version of Dervish. Then, each command supported by
the tool was executed with different combinations of parameters. The expected out-
puts were manually constructed and used in the comparison with the actual outputs.

For the GUI-based version, a test case consisted of a test grammar, one or more
event(s) to be executed, and an expected output. For example, a test case consisted

of the TwoBit grammar shown in Figure 2.1 and the following events to be executed:
1. Select Open File from the File menu and load the TwoBit grammar.

2. Generate the language of the TwoBit grammar by selecting Run from the menu.
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startup
DervishApp.__init__
DervishGUI.__init__
DervishApp.MainLoop ()
open
DervishGUI.on_open()
DervishGUI.load grammar ()
parser.Parser()

parser.Code_generator ()
DervishGUI.display_grammar ()

TUN
DervishGUI.on_run()

YouGen NG.generate_language ()

modify tag
DervishGUI.on_click()
TagDialog.__init__
TagDialog.on ok ()
validate_tag()
modify generator non-terminal
DervishGUI.on click()
GNTDialog.__init__
get_parameters()
GNTDialog.on_ok()
validate param()
add tag
DervishGUI.on_add tag()
AddTag.__init__
AddTag.on_ok()
validate_tag()
explore gentree
DervishGUI.on explore()
parse_path()
traverse_gentree ()
display_root ()
exit
DervishGUI.on_exit ()

Figure 4.1: Call graph of Dervish GUI
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3. Run YouGen on the TwoBit grammar from the command line to capture the

expected output.

4. Compare the actual output shown in the Qutput panel of Dervish with the
expected output provided by YouGen.

A similar exercise was conducted for testing each feature provided by the GUI-based

version of Dervish.



45

Chapter 5
Case Study: A New GBTG Learning Tool Support

In this chapter, we show how to use Dervish to support the learning of grammar-based
test generation (GBTG). Specifically, we show that Dervish helps testers use GBTG
tools such as YouGen. To demonstrate how testers interact with Dervish, we present

three simple grammar examples.

5.1 The Problem

For more than 30 years, many tools have been designed and implemented to
demonstrate the effectiveness of GBTG [1, 6, 22]. Although the tools have helped
testers and researchers learn about GBTG, many of them have been difficult to use
except by the tool developer. Dervish was designed to allow the tester to modify a
grammar to generate test cases while also considering the tester’s capabilities. First,
since testers usually know a lot about the application under test but less about
programming, Dervish provides a GUI to help testers to use GBTG tools without any
programming skills. Second, Dervish helps the interaction with YouGen to perform
tasks such as generating test cases and understanding how test cases are created.
In the following sections, we present three grammar examples to show that Dervish

helps testers use the power of GBTG.

5.2 Example 1: TwoBit Grammar

Figure 5.1 shows a Dervish screenshot for the TwoBit grammar from Figure 2.1.
The left panel shows the grammar rules as read-only, the bottom panel shows the
language generated and the right panel shows the generation tree.

YouGen produces four strings, shown in the bottom panel. Although grammar
developers may understand how this language was generated, testers, who are usually

less familiar with GBTG, may need help to understand it. Since YouGen can generate
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Figure 5.1: Dervish screenshot of TwoBit grammar

the test cases needed by a tester, understanding the generation strategy used by
YouGen is important. Dervish has been designed to help testers understand how
YouGen generates the language of a grammar. Since Dervish displays the generation
tree, a tester may look at the derivation steps to understand how strings are generated.

For example, the derivation steps used by YouGen to generate the language of
the TwoBit grammar are shown in the right panel. Node None:4:[T], shown at
depth 0, is the root of the generation tree. The start symbol for this grammar is T
and the start sentential form is [T]. None means that none of the rules were used
to get to the start sentential form [T]. 4 means that four ground sentential forms
appear in the subtree rooted at node None:4:[T]. Next, YouGen selects the left-
most non-terminal in the sentential form for replacement. Because the sentential
form consists of T, T is chosen for replacement. The results are shown at depth
one in the generation tree. Node T0:4: [[A,B]] shows that rule T ::= A B is used

to replace non-terminal T with non-terminals A B, indicated by the modification of
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parent sentential form [T] to child sentential form [[A,B]]. Next, YouGen selects
non-terminal A for replacement since it is the left-most non-terminal in the sentential
form. Because the TwoBit grammar contains two rules with non-terminal A on the
left-hand side and that YouGen selects the rules in the order they appear textually in
the grammar, rule A ::= >0’ is selected for substitution. This is indicated by node
A0:2:[[[’0°],B]] at depth two. Nonterminal A is replaced with terminal >0’ which
is indicated by the modification of parent sentential form [[A,B]] to child sentential
form [[[’0°],B]]. Next, YouGen selects non-terminal B for replacement. Similar
to non-terminal A, two rules with non-terminal B on the left-hand side appear in the
grammar. YouGen selects the first rule B for substitution. The results are shown
below node A0:2:[[[’0°],B]] at depth three in the generation tree. First, node
BO:1:[[[’0°],[?0°1]] shows that first rule B is used to get from non-terminal B to
terminal ’0’, indicated by the modification of parent sentential form [[[>0°],B]]
to ground sentential form [[[’0°],[’0°]1]1]. Second, node B1:1:[[[’0°],[’1°]]]
shows that second rule B is used to replace non-terminal B with terminal > 1’ indicated
by the modification of parent sentential form [[[*0’],B]] to ground sentential form
[[[’°0°],[’1°]1]. At this point, YouGen has produced strings 00 and 01, shown on
the first two lines of the output panel. Then, similar derivation steps are applied at

node A1:2:[[[’1°],B]] to produce strings 10 and 11.

5.3 Example 2: Zeros Grammar

This section presents an example of a recursive grammar and also shows how
Dervish helps users manipulate YouGen tags. Figure 5.2 shows a Dervish screenshot
for the Zeros grammar from Figure 2.5. The rdepth tag text has been clicked,
generating a dialog box which allows the user to modify the tag parameter. When
the user clicks the 0k button, Dervish validates the tag parameter before applying
the modification to the tag. Since testers usually have little programming experience,
modifying tags through a GUI can be beneficial. First, because tags are manipulated
through the GUI no emphasis is put on learning the tag syntax. Therefore, testers

may focus on learning tag semantics rather than tag syntax. Second, since Dervish
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Figure 5.2: Dervish screenshot of Zeros grammar (left panel), generation tree (right

panel), and language generated (bottom panel)

displays feedback to the user soon after incorrect tag parameter(s) are entered, invalid
tag parameter(s) can be corrected before the grammar is parsed. Therefore, the users
do not need to know nor learn the tag syntax which may help avoiding tag syntax
erTors.

When the tester is satisfied with the tag modifications, YouGen can be invoked
from the Run menu to generate the language of the grammar. Then, through Dervish
the tester may observe the effect that the tag modification has on the language gener-
ated. For example, attaching tag {rdepth 2} to second rule Zeros limits the number
of strings generated to three. Again, the generation tree facilitates testers to un-
derstand visually how this language was generated. In addition, Dervish may help
testers learn tag semantics with examples. Since Dervish allows tags to be inserted,
modified, or deleted, testers may easily create several examples to understand the

semantics of YouGen tags.
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Figure 5.3: Dervish screenshot of Call grammar

5.4 Example 3: Call Grammar

This section describes the covering-array tag using an example of the Call gram-
mar, shown in Figure 5.3. The grammar, the language generated, and the generation
tree are shown in the left, bottom, and right panel respectively. If the cov tag is
attached to a rule R for non-terminal N, then a new, temporary tree is generated
with N as the root and R as the rule used to generate strings. The terminals and
non-terminals on the right-hand side of R are treated as the parameters to a covering-
array algorithm, which is called when all the strings for the parameters have been
generated [8].

For example, a cov tag is attached to the rule with non-terminal Call on the left-
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hand side. The underlined tag text has been clicked, bringing a dialog box showing
the coverage specification. There is one coverage specification of strength 1 where
parameters Caller(QS, Server0S, and CalleeOS have been selected. The generation
tree for this grammar is shown in the right panel with node None:3: [Call] as root.
Below the root are three parameter trees, one for each parameter. A parameter tree is
a generation tree which shows the strings generated for each parameter. When all the
strings of each parameter have been generated, they are passed to a covering-array
algorithm which generates the set of tuples for this coverage specification. In this
example, the strength is set to 1 and specifies that every element of each parameter
must be present, but that combinations from Figure 2.12 may be missing. YouGen
generates three strings, shown in the bottom panel.

Figure 5.4 shows a second example of a cov tag with two coverage specifications.
Using YouGen’s syntax, the cov tag parameter is {cov [([0,2],2),([1],1)]}.
Coverage specification ([0,2],2]) specifies that all elements in Caller0S x Callee0S
must be present and coverage specification ([1],1) specifies that all elements in
Server0S must be present. In this figure, the underlined tag text cov has been clicked,
bringing a dialog box showing the second coverage specification where strength is 1
and parameter Server0S is selected. The generation tree for this grammar is shown
in the right panel with node None:7:[Call] as root. Below the root are three pa-
rameter trees which show the strings generated for each parameter. When all the
strings of each parameter have been generated, they are passed to a covering-array
algorithm which generates the set of tuples for the first coverage specification.

The coverage specification ([0,2],2) indicates that all elements of Caller0S x
Callee0S must be present. The first four Call0 nodes show the set of tuples for the
coverage specification ([0,2],2). Next, the three parameter trees are regenerated
since there is a second coverage specification. When all the strings of each parameter
have been generated, they are passed to a covering-array algorithm which generates
the set of tuples for the second coverage specification.

The second coverage specification ([1],1) indicates that all elements of Server0S

must be present. The last three Call0 nodes in the generation tree show the set of
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Figure 5.4: Dervish screenshot of the Call grammar with two coverage specifications

tuples for the coverage specification ([1],1). The bottom panel shows the language

generated for this grammar.
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Chapter 6
Case Study: Generation Tree Exploration

In the previous case study, we showed that Dervish can be used as a tool to support
the learning of grammar-based test generation. We extend this idea to show that

Dervish also helps testers understand complex grammars.

6.1 The Problem

When working with GBTG tools, testers typically create complex grammars to
generate the test cases needed to test software systems. Since the language generated
by those grammars is often large, testers are frequently faced with difficulties under-
standing the test cases generated by a grammar. Logging and viewing generation
trees however can facilitate a tester’s understanding of the language generated by
a grammar. For instance, by looking at nodes in the generation tree a tester may
find which rules lead to the generation of a large number of test cases. Then, the
rules generating a large number of test cases may be modified or associated with tags
to reduce the number of test cases generated. Since Dervish can be used as a tool
to visualize generation trees, this case study presents three variations of a complex
grammar and shows how Dervish helps testers understand the language generated by

complex grammars.

6.2 Catalog Grammar

Figure 6.1 shows the Catalog grammar: a tagged recursive grammar which gen-
erates simple XML documents. The strings BooksTag and ChaptersTag are used to
illustrate several posssible tag placements. This grammar is recursive and its language
is infinite.

When BooksTag is {rdepth 1} and ChaptersTag is empty, the number of docu-

ments generated is 2% + 216 = 65792. By looking at the grammar, it is hard to arrive
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Catalog ::= ’<BO0KS>’ Books ’</BO0KS>’;
Books ::= Book;

BooksTag Books ::= Book Books;
Book ::= ’<B0O0K>’ Title Chapters ’</BO0K>’;
Title ::= ’<TITLE>’ List(’’,’TTT’,’ttt’) ’</TITLE>’;
Title ::= ’’;

ChaptersTag Chapters ::= Chapter Chapter Chapter;

Chapter ::= ’<CHAPTER>’ Sections ’</CHAPTER>’;
Sections ::= Section;
Section ::= ’<SECTION>’ Name ’</SECTION>’;
Name ::= ’<NAME>’ List(’’,’SSS’,’sss’) ’</NAME>’;
Name ::= ’’;

Figure 6.1: Catalog Grammar

at this number. By looking at selected paths in the generation tree however, a tester
may find the grammar rules which cause the language generated to be so large. For
example, Figure 6.2 shows the generation tree of the Catalog grammar from the root
to depth 2. When exploring this generation tree, a tester may notice that the num-
ber of documents generated from the recursive rule Books, indicated by the count at
node Books1:65536, is much larger than the number of documents generated from
the non-recursive rule Books, i.e., Books0:256. Therefore, a first approach to reduce
the number of documents generated is to decrease the value of the rdepth tag to 0.
Note that it normally does not make sense to include a rule with rdepth tag set to 0,
but that this can be useful when exploring the grammar. In this case, the grammar
produces 256 = 2% documents and the generation tree consists of the subtree rooted
at node Books0:256. At this point, the tester knows by looking at the generation
tree that the number of test cases can be reduced to 256 if BooksTag is {rdepth 0}.
What remains to be understood is how this number was generated. The following

section shows how Dervish helps answering this question.
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Generation Tree Panel 8
Path: |/ |
Depth: |2 | ] show Sentential Form Explore |

~—None:65792
= —(Catalog0D:65792
BooksD:256
Books1:65536

Figure 6.2: Generation tree from root to depth 2

6.3 Catalog Grammar with BooksTag set to {rdepth 0}

When BooksTag in Figure 6.1 is {rdepth 0} and ChaptersTag is empty, the size
of L(Catalog) is limited to one book. Figure 6.3 shows the generation tree from
root to depth 2 for this grammar. YouGen produces 256 documents, as indicated by
the count at node Catalog0:256. To understand how this number was generated,
Dervish may be used to explore the generation tree in greater depth. Figure 6.4
shows the generation tree from node Books0:256 to depth 3. Since there are four
title alternatives, indicated by three Title0:64 and one Titlel:64 nodes, the number
of books per title alternative is 64 = 256/4. Since a book consists of one title and
three chapters, exploring deeper in the generation tree shows that the Chapters
rule consists of three chapters and that for each chapter there are four section name
alternatives. Figure 6.5 shows the generation tree with Chapters0:64 node expanded.
Each of the nodes Chapter0:64, Chapter0:16, and Chapter0:4 represents the three
chapters. Since for each chapter there are four section name alternatives, there are
64 = 4 x 4 x 4 = 43 section name alternatives per title alternative.

Therefore, the total number of documents generated is 256 = 4 x 4 x 4 x 4 =
41 x 43 = 28 since there is one title with four alternatives and three chapters with

four section name alternatives.



Generation Tree Panel B
Path: |/ |
Depth: [] show Sentential Form
=~ —MNone:256
~ Catalog0:256
Books0:256

Figure 6.3: Generation tree from root to depth 2

Generation Tree Panel B
Path: |/Catalog0/Books0 |

Depth: [] show Sentential Form

~ BooksD:256

=~ —Book0:256

=~ TitleD:64
ChaptersD:64

= TitleD:64
Chapters0:64

= TitleD:64
ChaptersD:64

=~ Titlel:64
ChaptersD:64

Figure 6.4: Generation tree from BooksO to depth 3
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Generation Tree Panel |
Path: |,"CataIugDfBuukEDfBuukDmtleD[llfChapterSD ‘

Depth: ‘:\ [] Show Sentential Form

~ Chapters0:64
= —Chapter0:64
=~ Sections0:64
=~ —Section0:64
= —NameD:16
~—Chapter0:16
=~ —Sections0:16
=~ Section0:16
= —Name0:4
~ —Chapter0:4
=~ —Sections0:4
= Section0:4
NameD:1
NameD:1
NameD:1
Namel:1
P Name0:4
P NameD:4
P Namel:4
P Name0D:16
P NameD:16
P Namel:16

Figure 6.5: Generation tree from Chapters0O to bottommost level
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6.4 Catalog Grammar with BooksTag set to {rdepth 1}

When BooksTag is {rdepth 1} and ChaptersTag is empty, the Catalog grammar
produces 65792 = 256 + 65536 = 28 + 216 documents, as shown in Figure 6.2. The
number of documents, 256 = 28, from the path /Catalog0/Books0 was explained in
the previous section. Therefore, what remains to be understood is how 65536 = 216
documents are generated from the path /CatalogO/Booksl1.

Using Dervish, a tester may explore the generation tree to a greater depth. Fig-
ure 6.6 shows the result of exploring the path /Catalog0/Booksl to a depth of 7.
There are four title alternatives, as indicated by three Title0:16384 nodes and one
Titlel:16384 node. Similar to the Catalog grammar when BooksTag is {rdepth
0} and ChaptersTag is empty, there are three chapters for each title alternative and
each chapter has four section name alternatives. Unlike this grammar, the derivation
steps of a second book follow the derivation steps of the first book which lead to the
generation of documents with two books. Figure 6.7 shows the result of exploring the
generation tree from the node where the derivation steps of the second book begins,
which is along the path /Catalog0/Booksl/.../BooksO0, to depth 3.

As a result, because there are two books, the number of documents generated

consists of 65536 = 41 x 4% x 4! x 43 = 256 x 256 = 216.

6.5 Catalog Grammar with ChaptersTag

A tester may notice that another approach to reduce the number of strings gen-
erated is to keep the BooksTag to {rdepth 0} and reduce the number of alternatives
from the Chapters rule. Adding the tag {cov [([0,1,2],2)]} to ChaptersTag re-
duces the number of strings to 64 = 2°. There are three Chapter domains and each
Chapter has one section which consists of four Name alternatives. YouGen generates
a two-cover of 16 strings. Figure 6.8 shows how the 16 strings were generated. Next,
because there are four title alternatives, the total number of documents generated is
64 = 16 x 4. Figure 6.9 shows the total number of documents generated, as indicated
by node Catalog0:64 and each one of the four title alternatives for this generation

tree.



Generation Tree Panel B
Path: |/Catalog0/Books1 |

Depth: [] Show Sentential Form

=~ —Books1:65536
=~ Book0:65536
~—TitleD:16384
= —Chapters0:16384
~ Chapter0:16384
=~ —Sections0:16384
~ Section0:16384
Name0:4096
Name0:4096
Name0:4096
Namel:4096
b TitleD:16384
P TitleD: 16384
P Titlel:16384

Figure 6.6: Generation tree from Books1 to depth 7

Generation Tree Panel B
Path: |-ectiuanNameD[llfChapteerSectiunE.DfSectiuanNameD[l]fBuukE.D

Depth: [] Show Sentential Form

~ —Books0:256

=~ —Book0:256

~—Title0:64
Chapters0:64

=~ Title0:64
ChaptersD:64

= TitleD:64
ChaptersD:64

= Titlel:64
Chapters0:64

Figure 6.7: Generation tree from BooksO to depth 3
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Generation Tree Panel B8
Path: | /Catalog0/Books0/Book/Title0[1] |

Depth: ‘:\ [ Show Sentential Form

= Titled:16
=~ —Chapter:4
= —Chapter0:4
=~ Sections0:4
=~ Section0:4
Name:1
Name(:1
Mame0:1
Namel:1
P—Chapter:4
P Chapter:4
ChaptersD:1
Chapters0:1
ChaptersD:1
Chapters0:1
ChaptersD:1
ChaptersD:1
ChaptersD:1
Chapters0:1
Chapters0:1
ChaptersD:1
ChaptersD:1
ChaptersD:1
ChaptersD:1
Chapters0:1
ChaptersD:1
Chapters0:1

Figure 6.8: Generation tree from TitleO[1] to bottommost level



Generation Tree Panel B

Path: |/

Depth: D [] Show Sentential Form

~—None:64
~ —Catalog0:64
~ —Books0:64
=~ Book0:64
TitleD:16
TitleD:16
TitleD:16
Titlel:16

Figure 6.9: Generation tree from root to depth 4
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Chapter 7
Case Study: Testing XPath Interpreters

In this case study, we are interested in observing the benefits of using Dervish as a
testing tool. Since testers do not always have the programming skills to automate
the testing process, we are interested in knowing whether Dervish can help testers
generate and execute the test cases they need to test XPath interpreters. In the first
section, we present the goal of the case study. Then, we review the background mate-
rial on the XML [7] and the XPath [14] languages. This is followed by a description of
the test approach and test execution. Then, we present the test results and conclude

with a discussion.

7.1 Testing XPath Interpreters

Testers, who usually know a lot about the application under test, do not always
have the programming skills or knowledge to automate the testing process. However,
testers could use GBTG as an approach to automate the testing process if they were
provided with a tool to support the control and execution of test cases. In this case
study, we are interested in observing whether Dervish can be this tool and be used
as a test bench to support the control and execution of test cases for testing XPath
interpreters. We are interested in finding if testers, giving guidance through Dervish,
can execute the tests they want to reveal errors in the XPath interpreters. Some of
the key points we are observing are whether Dervish allows testers to modify parts of
a grammar to generate the test cases they need to expose errors and whether testers
can effectively guide the testing process.

This case study assumes that the testers are looking at failures that appear in
interpreters which support the XPath language. More specifically, we assume that
testers are looking at failures on three particular types of XML documents: XML

documents with large element text length, XML documents with large depth, and
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XML documents with large length. The code under test consists of four XPath
interpreters: Libxml2 [27], Lxml [16], PyXML [21] and VTD-XML [26]. Each one
of these software libraries provides functions which take an XML document and an
XPath expression as input and return the result from applying the XPath expression
to the document. In the next two sections, we present a short overview of the XML

and the XPath languages which form the background material for this case study.

7.2 The XML Language

XML is used to label, structure and store information. The term XML stands
for eXtensible Markup Language and was developed in 1996 before becoming an
official World Wide Web Consortium (W3C) standard in 1998 [12]. Since its in-
troduction, XML has been used in web technologies, in database systems, and in
programming languages. Figure 7.1 shows an example of an XML document. In sim-
ple terms, XML is composed of markup symbols and data which form a tree structure.
Markup symbols, called tags, are enclosed within angle brackets (<>). For example,
<addressbook> and <contacts> are two tags. The text starting with <addressbook>
and ending with </addressbook> is called an XML element. Elements must have a
start tag and an end tag or must end with the characters /> if the element is empty.
An element may be empty, may contain element text or may consist of other elements.
For example, in Figure 7.1, elements <name> contain text element Julia, James and
Jill, respectively. The element <addressbook> consists of an element <contacts>.
Elements represent nodes in an XML tree and each element has relationships. For
example, the elements <addressbook> and <contacts> form a parent-child relation-
ship. Also, each one of the <name> elements are siblings and all elements have as

parent the element <contacts> and as grand-parent the element <addressbook>.

7.3 The XPath Language

The XML Path Language (XPath) is used to search and to retrieve information
from an XML document [14]. Using XPath expressions, a portion of an XML docu-

ment can be retrieved. When an XPath expression is run against an XML document,
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<addressbook>
<contacts>
<name>Julia</name>
<name>James</name>
<name>Jill</name>
</contacts>
</addressbook>

Figure 7.1: Example of an XML document

/addressbook/contacts/name[1] /text ()

Figure 7.2: XPath expression that retrieves element text Julia

the nodes matching the expression are selected and returned to the caller. The result
returned may be a collection of nodes, a string, a floating-point number or a boolean
value [12].

Although different types of XPath expression exist, this case study focuses on only
one specific type, the location path. A location path is similar to the path to a file
on disk. However, a location path may specify additional information. For instance,
at each step along a path, one or more tests, called predicates, may be performed to
select specific nodes. Since the complete syntax of the location path is complex, only
the XPath expressions used in this case study are described. Figure 7.2 shows an
example of an XPath expression which results in retrieving the element text Julia

from the first element <name> appearing in Figure 7.1.

7.4 Code Under Test

Four interpreters were selected as code under test: Libxml2, Lxml, PyXML and
VTD-XML. They are briefly described in this section.

1. Libxml2

Libxml2 is an XML parser and toolkit developed for the Gnome project [27].

The library is written in C but language bindings are available for other envi-
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ronments such as Java, Python, and Perl. The version used in this case study

1s 2.6.32.

2. Lxml

Lxml is a library built on top of two C libraries: Libxml2 and Libxslt. It is
intended to provide an API which is well documented and provides an intuitive

interface to Python developers [16]. The version used in this case study is 2.1.1.

3. PyXML

PyXML is another XML library for Python which consists of a collection of
functions and utility modules for the XML and XPath language [21]. The

version used in this case study is 0.8.4.

4. VITD-XML

VTD-XML is a less traditional XML library which keeps pointers in memory
to parts of a document as opposed to converting the XML document to a tree

in memory. The version used in this case study is 2.1.

7.5 Test Approach

In this case study, a test case consists of the combination of an XML document
and an XPath expression. We assume that testers are interested in failures appearing
on the three particular types of XML documents, as presented in [17]: XML docu-
ments with large string as element text, XML documents with large depth, and XML
documents with large length. The first type of test cases focus on creating XML
documents with element text of large length, i.e., with a large number of characters.
Figure 7.3 shows an XML document with an element text which is, however, quite
short. Testers will be looking at creating similar XML documents with element text
of large length, perhaps in the millions of characters.

The second type of test cases focus on creating XML documents of large depth,

perhaps in the thousands. The depth of an XML document is defined to be the largest
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<a>element_text</a>

Figure 7.3: XML document that contains an element text of small length

<a>
<a>
<a>nested element text</a>
</a>
</a>

Figure 7.4: XML document that contains a nested element text at depth 3

number of ancestors an element can have. Figure 7.4 shows an XML document of
small depth, 3.

The third type of test cases focus on creating documents of large length, perhaps
in the thousands. The length of an XML document is defined to be the largest number
of children an element can have. Figure 7.5 shows an XML document of small length,
3. In the next section, we are exploring how Dervish helps testers in generating test

cases for the three possible scenarios.

7.5.1 Test Case Generation

The role of the grammar developer is to create the grammars to be used by
the testers for testing the XPath interpreters. After a grammar file is developed,
the testers may use Dervish’s graphical interface to modify the parameters of the
grammar tags and generator non-terminals to generate the desired test cases. For this

case study, two grammars were created: (1) a grammar to generate XML documents

<root>
<a>1</a>
<a>2</a>
<a>3</a>
</root>

Figure 7.5: XML document that contains a root element with 3 children
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YouGen GUI g@@
File Grammar Run
test_case ::= document xpath ; So.oiii Dosois =)
Path: | |
document ::= StartTag element EndTag ; Depth: ‘: e m|
element ;= ElementText: (c Elementext )]

rdepth start string length: |1

element ::= StartTag element EndTag ;
increment: 1

count: 2

xpath ::= jtext()';

Cancel || Ok |

Output Panel 8

<a> a </a> [ftext()

<a> aa </a> [ftext()

<a> <a><a> a </ax</a> </a> [ftext()

<a> <a><a> aa </a></a> </a> [/text()

<a> <a><a> <a><a> a </a><fa> </a><(a> </a> [ftext()
<a> <3a><a> =3a><3> aa <fa></a> </a></a> <fa> /ftext()

Language generated

Figure 7.6: Dervish screenshot of first grammar in action

with element containing text of variable length and nested at variable depth and (2)
a grammar to generate XML documents of variable length. The top left panel in
Figure 7.6 shows the grammar used for generating XML documents with elements
containing text of large length and XML documents of large depth. In this figure,
the ElementText generator non-terminal text has been clicked, generating a dialog
box showing the parameters that the tester may modify. This dialog box allows the
testers to specify three parameters: start string length, increment, and count. The
start string length parameter allows the testers to specify the start length of the
text element. The increment parameter specifies the number of characters by which
the next element text increases. The count parameter specifies the number of text
elements to generate. For example, setting start string length to 1, increment to 1,
and count to 2 allows 2 text elements to be generated, starting with a length of 1
character and increasing the length of the next element text by one character.

While the ElementText generator non-terminal allows the testers to specify ele-
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ment text of varying length, the generator non-terminals StartTag and EndTag, and
tag rdepth allow testers to specify the depth at which an element text is nested. The
StartTag generates one terminal containing the <a> start tag a number of repeated
times specified by the testers. The EndTag behaves similarly. For example, setting
the StartTag and EndTag parameters to 1 for the rule containing document as non-
terminal on the left-hand side, setting the StartTag and EndTag parameters to 2 for
the rule containing element as non-terminal on the left-hand side, and rdepth to 2
generates XML documents of depth 1, 3 and 5.

The XPath expression //text (), shown in the last line of this grammar retrieves
the element text of all nodes which are below the root node. Because the grammar
creates XML documents with only one element text, one element text is expected to
be returned when applying the XPath expression on each XML document generated.

The bottom panel of Figure 7.6 shows the six test cases generated from the setup
discussed in the three previous paragraphs. One test case appears on each line,
showing the XML document first, followed by the XPath expression.

The second grammar, shown in the top left panel of Figure 7.7, allows testers to
generate XML documents of varying length. Specifically, this grammar was developed
assuming the tester is interested in generating documents with a varying number
of children, where each child element name is identical or distinct and each child
element text consists of a number of characters specified by the tester. In this figure,
the Elements generator non-terminal text has been clicked, bringing a dialog box
showing the parameters that the tester may modify. The first three parameters,
start number of children, increment, and count, allows the tester to generate XML
documents of varying length. Here, setting start number of children to 1, increment
to 1, and count to 5 allows 5 documents to be generated with a length of 1 to 5.
The parameter identical children name allows the tester to specify if children element
names are identical or distinct. The parameter string length of text elements allows
the tester to specify the number of characters for the text elements of the children.
In this example, the output panel in Figure 7.7 shows 5 documents generated with

a length of 1 to 5, where the element name of each children is distinct and the text
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Figure 7.7: Dervish screenshot of second grammar in action

element consists of 5 characters.
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The XPath expression count (/root/*), shown in the last line of this grammar,

is responsible for returning the number of children present in the XML document.

7.6 Test Execution

In this section, the focus is on explaining the embedded code for executing the

test cases on the four interpreters. Figure 7.8 shows the text grammar and embedded

code for generating XML documents with text elements of large length and of vari-

able depth. For clarity, the embedded code for creating the generator non-terminals

StartTag, EndTag, and ElementText is omitted. In this figure, we explain the three

blocks of embedded code: global_precode (line 1 to 5), postcode (line 7 to 26), and

postcode (line 31 to 34). The global _precode (line 1 to 5) is responsible for import-

ing the 1ib module, which contains helper functions needed to execute the tests. The

global precode also declares two variables: test_id and expected_output. The
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postcode (line 31 to 34) is responsible for assigning the expected output of each test
case. For each test case, which consists of an XML document and an XPath expres-
sion, the postcode (line 7 to 26) is executed. First, the XML document and XPath
expression generated from the grammar are assigned to variables xml and xpath (line
10 and 11). Next, a filename for the XML document and XPath expression is assigned
to variables xml_filename and xpath_filename (line 13 and 14). Then, the helper
function WriteFile() from the module 1ib (line 16 and 17) is invoked to write the
XML document and the XPath expression to disk. Following this, each interpreter
is run with the XML document and XPath expression (line 19 to 24). The func-
tion getInterpreters() from the 1ib module (line 19) yields the interpreter name
and run command of each interpreter. The program variable contains the name of
the interpreter and command contains the command for running the interpreter. The
function runTest () from the 1ib module (line 20) executes the interpreter command
with the XML document and XPath filenames. The actual output is captured and
compared with the expected output (line 22). If the actual ouutput and expected
output do not match, an error message is displayed in the output panel of Dervish
specifying the test id and the interpreter on which the test case failed (line 23 and
24).

7.7 Test Results

The test results show that each one of the XPath interpreters has resource lim-
itations. First, when the element_text in Figure 7.3 is replaced with a string of
94,332,507 characters or more, VI'D-XML fails to return the expected result and
throws the exception java.lang.OutOfMemoryError. As opposed to VI'D-XML,
this test case does not reveal failures for Libxml, Lxml, and PyXML. XML doc-
uments with an element text of up to one hundred million characters were used
as test cases and did not reveal failures for Libxml, Lxml, and PyXML. Second,
when an XML document contains an element text nested at a depth greater or equal
than 256, VITD-XML fails to parse the XML document and throws the exception

java.lang.OutOfMemoryError. PyXML fails to return the expected result on XML
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1 {global_precode

2 import 1lib

3 test_id =1

4 expected_output = 7’

5 }

6

7 A{postcode

8 global test_id,expected_output

9

10 xml = flatten(s[0])

11 xpath = flatten(s[1])

12

13 xml_filename = str(test_id) + ’_xml’

14 xpath_filename = str(test_id) + ’_xpath’

15

16 lib.writeFile(xml_filename,xml)

17 lib.writeFile(xpath_filename,doc)

18

19 for program,command in lib.getInterpreters():
20 actual_output = lib.runTest(command,xml_filename,xpath_filename)
21

22 if actual_output.strip() != expected_output.strip():
23 print ’test case ’ + str(test_id) + ’ failed: ’ + \
24 ’ interpreter: ’ + program
25 test_id += 1

26 }

27 test_case ::= document xpath;

28

29 document ::= StartTag(l) element EndTag(1l);

30

31 {postcode

32 global expected_output

33 expected_output = flatten(s)

34 }

35 element ::= ElementText(1,1,5);

36

37 {rdepth 0}

38 element ::= StartTag(l) element EndTag(1l);

39

40 xpath ::= ’//text()’;

Figure 7.8: Text of grammar generating element text of large length and at large

depth in the XML document
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documents with a depth greater or equal than 993. LibXML and Lxml fail to parse
an XML document with a depth greater than 1025 = 2!° + 1. Finally, failures in
two of the interpreters were found for XML documents which contain a large number
of children and where each child element text length is large. Specifically, when the
<root> node in Figure 7.5 consists of 47, 134 or more children and each child element
text is set to 10,000 characters, VI D-XML fails to parse the XML document. When
the number of children is greater than 68,800 and each child element text consists
of 10,000 characters, PyXML also fails to parse the XML document. In contrast, no
failures were revealed on Libxml2 and Lxml for these two test cases. However, XML

documents consisted of up to one hundred thousand children.

7.8 Discussion

The test results show that the XPath interpreters have resource limitations such
as the number of characters of an element text, the depth at which an element text
may be nested, and the number of children that an element can have. What is more
important is that this case study shows that Dervish can be used as a test bench
to test XPath interpreters. First, the testers can manipulate the grammar tags and
generator non-terminals to create the test cases which may help to reveal failures
in one of the interpreters. Allowing the testers to manipulate grammar tags and
generator non-terminals is important because it allows the tests to be focused on
areas where the testers believe failures may occur. Therefore, this may help to reduce
the number of tests needed to find failures in the code under test. Also, this case
study shows that testers may use GBTG as an approach to automate the testing
process. For instance, little manual effort is required by the testers to generate and
execute test cases other than specifying the parameters to the tags and generator
non-terminals and selecting the Run option from the menu bar. Finally, this case
study shows that separating the tasks of grammar development and test control and
execution is practical. For instance, the grammar developers may create grammars

to be used and manipulated by testers.
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Chapter 8
Related Work

This chapter reviews the work related to GBTG. We first present an overview of
the domains in which GBTG has been applied. Then, we provide a summary of
the earliest approaches used in developing test generators. Finally, we discuss the

usability of GBTG tools.

8.1 Application domains of GBTG

GBTG has been used for more than 30 years in many application domains. The
first domain in which GBTG has been used is compiler testing. In 1970, Hanford
used a grammar to generate test cases for a PL/1 compiler [6]. His work is the ear-
liest known application of context-free grammars to testing. Hanford inspired other
researchers, such as Bird et al. [1], who later also applied GBTG to test compiler
programs, graphical output applications and sort/merge programs. A major im-
provement to the work of Hanford is that they provided a mechanism to determine
whether a test case has passed or failed by predicting its execution and comparing its
execution with the predicted one at run time.

Years later, Sirer et al. [22] applied GBTG to the testing of the Java Virtual Ma-
chine implementations. Their work describe lava, a language for specifying grammars
which can be used to construct complex test cases for testing JVMs. As a result of
their work, faults were found in the Sun JDK1.0.2 and Microsoft Java virtual machine
implementations.

Other domains in which GBTG has been used is firewall testing [10, 23] and XML
applications [28].

Dervish is based on YouGen [23], a tool that combines GBTG and covering arrays.
YouGen has been used in significant projects for the testing of firewalls [23], the

generation of large XML documents and corresponding XPath queries [25], and the
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testing of RSS clients for HMTL injection vulnerabilities [9]. More recently, YouGen
has been applied to the testing of XML and XPath applications [17].

8.2 Approaches in developing test generators

Many authors have contributed to the development of GBTG tools and techniques.
In this section, we summarize twelve important features of test generators which have
been proposed or implemented in earlier work. We provide a short description of each

feature and identify which YouGen feature corresponds to it, if applicable.

e (Counts: restricts the use of a rule it is attached to, to the count specified. This
feature was first developed by Hanford [6] and later used by Murali et al. [19].

Counts are also implemented in YouGen.

o Weights: serves to prioritize the selection of rule alternatives by attaching
weights to the rules. This approach has been used in Hanford [6], Payne [20],
and Bird et al. [1]. Weights are not part of the YouGen implementation.

e Guards: are boolean expressions which allow a rule to be selected for expansion
if the expression evaluates to true. If the expression evaluates to false, an
alternative rule is selected for expansion. It was first introduced by Duncan et
al. [4] and was also found in the work of Homer et al. [11]. In YouGen, precode

tags can be used as guards.

e Actions: are code fragments associated with a rule in the grammar. This feature
is first found in Celentano et al. [2] and later in Duncan et al. [4]. In YouGen,

the precode and postcode tags plays the role of actions.

e Recursion limit: restricts the number of times a recursive rule can be selected.
This feature has been widely used and is found in the work of Hanford [6],
Celentano et al. [2], Bird et al. [1]. In YouGen, the rdepth tag serves the same

purpose as the Recursion limat.

e Depth: limits the traversal of a generation tree to a certain depth. It appears to

have been introduced only recently in the work of Zaytsev [28] and also Lammel
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et al. [15]. This feature is implemented in YouGen and is represented by the

depth tag.

Balance control: limits the variation in the depth of the non-terminals from a
rule’s right-hand side to which it is attached to, to the limit specified. Zayt-
sev [28] and Lammel et al. [15] have used this feature in their work. Balance

controls are not implemented in YouGen.

Dependence control: generates strings in the language based on combinations
of the non-terminals and terminals appearing on the right hand side of a rule.
It is also Zaytsev [28] and Lammel et al. [15] who introduced this feature.

Dependence control are implemented in YouGen with the cov tag.

Terminal constructors: are utility features used when a long sequence of termi-
nal alternatives exist for a rule. Examples of this feature are found in Homer
et al. [11] and Maurer [18]. Terminal constructors are implemented in YouGen.
They are called generator non-terminals and always appear on the right-hand

side of a rule.

Random traversal: is a traversal order in which rules are randomly selected.
This is by far the most used approach to GBTG and is used by Hanford [6],
Bird et al. [1], Murali et al. [19], Homer et al. [11], Maurer [18]. Random

traversal order is not part of the YouGen generation strategy.

Breadth-first traversal: is a traversal order in which strings of the language are
generated in the order of increasing depth. Zaytsev [28] and Lammel et al. [15]
used this traversal approach in their work. Breadth-first traversal in not part

of the YouGen generation strategy.

Dynamic grammars: allows rules to be added to the grammar during generation
to ensure contextual sensitivity of the generated tests. Hanford [6] appears to
be first one to introduce this feature. Dynamic grammars are supported in

YouGen and are implemented using postcode tags in the text grammar.
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8.3 Usability of GBTG tools

Except for GUI capture and playback test tools, tools to automate the testing
effort typically requires programming skills. Recently, work has been done to provide
GBTG tools to testing practioners [24]. In their work, the authors present a YouGen
controller which is a graphical user interface allowing testers to modify parts of gram-
mars. Their work has shown that GBTG testing can be conducted without testers
having strong programming skills. However, their tool does not take advantages of
generation trees nor does it allows testers to invoke YouGen through the GUI to gen-
erate test cases. Therefore, our work extends the work on the YouGen Controller,
and attempts, through a GUI, to provide ways to use generation trees and to allow

testers to control the execution of test cases.
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Chapter 9

Conclusions and Future Work

Although software testing is known to be a time-intensive task, it has had considerable
impact on the success of many projects. Nowadays, organizations are faced with
the pressure of providing quality software products within tight time constraints.
To accomplish this goal, a practical solution is test automation. Test automation
typically requires programming skills. Testers, who usually know a lot about the
application under test, often do not have the programming skills to automate the
testing effort. Their role is crucial, however, since they know many test cases likely to
reveal errors in the application under test. Grammar-based test generation (GBTG)
is an approach to test automation. GBTG can help testers create grammars to
generate the test cases needed by the testers. However, creating grammars requires
programming skills.

In this work, we present Dervish, a graphical user interface which provides the
testers with the power to use GBTG tools without the need of programming skills.
The results of this work indicate that Dervish can effectively provide testers with the
support to use and learn GBTG. For instance, Dervish allows testers to modify parts
of a grammar, to generate test cases, and to visualize generation trees. Since viewing
generation trees can facilitate a tester’s understanding of the language generated by
a grammar, Dervish can also help testers understand complex grammars.

We have conducted three case studies to show the benefits of Dervish. The first
case study showed how Dervish supports the learning of grammar-based test gener-
ation and how Dervish helps testers use GBTG tools such as YouGen. The second
case study showed that Dervish can be used to help testers understand complex gram-
mars. In this case study, we showed that generation tree exploration can effectively
help testers understand how test cases are generated. Finally, in the third case study

we showed that Dervish can be used as a test bench to test XPath interpreters. We
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showed that through Dervish, testers can guide the testing effort and generate test

cases to reveal errors in the interpreters under test.

9.1 Future Work

The results in this thesis form the basis for understanding how testers can use
GBTG tools in their testing efforts without programming skills. Looking ahead, the

results in this thesis also provide a foundation for future work.

9.1.1 Save Functionality
As future work, one could consider adding a functionality to save grammar files.
This would allow the state of modified grammar files to be preserved and be reloaded

in Dervish at a later moment.

9.1.2 Test Additional Applications

A large number of XML parsers, XML document type interpreters and XPath
implementations exists in the industry and in the open-source community. Therefore,
the testing effort could focus on using Dervish for testing more applications in this

area.

9.1.3 Educational Use

Dervish could be used in an academic environment. For example, Dervish could be
used as a learning tool support in a course teaching grammar-based test generation.
Students could interact with Dervish to view and explore generation trees or modify
grammar tag and generator non-terminal parameters. Interacting with Dervish could
help students in understanding how the language of a grammar is generated. Also,
Dervish could help students learn by examples since the GUI allows students to create

different grammars by modifying tag and generator non-terminal parameters.
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