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Joakim Korhonen Model-based testing using Given-When-Then specifications

Abstract

Software testing is often a laborious and costly process, as testers need extensive domain-specific
knowledge and engineering experience to manually create test cases for diverse test scenarios.
These scenarios in many industrial projects are represented in requirement specification documents.
Since the creation of test cases from these requirements is manual and is error-prone, researchers
have proposed methods to automate the creation of tests and execution of tests. One of the most
popular approaches is called model-based testing. Model-based testing uses models to manually or
automatically create tests based on existing models. Since most of the effort in model-based testing
lies in the creation of the model, this thesis aims at improving a model-based testing tool. This
improvement is for generating a model from Natural language as this is what requirements usually
are written in. Given-When-Then is a test-case writing template used to specify a system’s behavior.
To implement the natural language processing into a model-based testing tool, an extension for
Graphwalker was created. Graphwalker is a popular open-source model-based testing tool, which
can create, edit, and test the models created. The extension is using requirements as input written
in natural languages and then creates a model based on the requirements provided. Graphwalker’s
models are based on finite state machines that have elements such as vertices and edges. The
model also can change its state, change values of variables, and block access to certain elements.
Graphwalker can however not generate models from natural language requirements. This thesis
shows how one can transform natural language requirements into models.

The extension is implemented to use requirements through both manual input and via a JSON
file and it is processing the text and tags each word. These tags will then be used to interpret
the sentence meaning and will either create a transition, change a value, or block access to a
selected element. The results of this thesis show that this extension is an applicable method to
automatically generate models for the GraphWalker tool. This extension can be used and improved
by both researchers and practitioners.
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1. Introduction

Software testing is often a laborious and costly process, as the usual practice is to create test
cases manually based on requirements representing the expected behavior [1]. Software testing
is an important part of software engineering as it shows that the software executes as expected
and is running according to its requirements [2]. Since manual test creation is both error-prone
and slow as it requires diverse test scenarios; researchers have proposed multiple techniques to
automate both the creation and the execution of tests. However, many of these approaches tend
to be complex and expensive to deploy in practice, hence their adoption is not widespread [1].
One popular approach to generate tests is called Model-based Testing (MBT), this approach uses
existing models to either manually or automatically create tests. The process includes generating
test cases from specifications models representing the systems requirements and desired function-
ality. The generated test cases are then executed on the System-Under-Test (SUT) to obtain a
pass or fail verdict [3]. Different MBT techniques have been developed and applied in different
contexts [4]. Consequently, there is a need to investigate the use of MBT and how modeling and
test generation can improve the current practices of manually creating MBT models from natural
language requirements. As these requirements are in natural language, the ideal solution would be
to automatically generate the models from the requirements.

The requirement documents used during the development of the SUT can also be used to create
the tests as these describe the SUT’s behavior. Usually, these are written in plain natural language.
Natural language helps all involved parties to understand and be able to specify what behaviors
the system should have [5]. In this thesis, an extension for a model-based testing tool will be
created. This extension will allow the tool to accept natural language requirements to generate a
test model since this is one of the most laborious steps in MBT. The tool used in this thesis is called
Graphwalker and uses finite state machines as its model basis, it doesn’t have any functionality
which allows it to generate new models. To automatically generate models from the requirement
documents the tool will be extended to use the Given-When-Then template, which is a popular
test-case and requirement template used in the industry. This template is used to format the
natural language into sentences that are easier to interpret into test-cases [6]. The models created
by the extension can then be used to create test cases, these test cases can then be used to form
a test suite and will be used to test the SUT. These tests will return various results such as how
many tests passed and how many failed or if any tests were blocked for other reasons [3]. This
means the scientific method used in this thesis is to perform an experiment on an implementation
created for this thesis, to see if it can create models from Given-When-Then requirements.

There have been many approaches proposed to automatically generate tests, however many
of these approaches assume the creation of specific models that take time and resources [1][2].
Because of the overhead cost of MBT it is not widely used in the industry [7], which also led to
a need to decrease the time and resources needed to create tests in MBT. This together with the
lack of experimentation limits the evidence on how effective the generated models are. One way to
make this task less costly and time-consuming is to directly generate models from the requirements.
This leads to the main question investigated in this thesis: ”How to automatically create models
out of Given-When-Then natural language requirements?”.

The goal of this thesis was to create an extension for an existing open-source tool called Graph-
walker. This extension adds support for the generation of a model from natural language re-
quirements written according to the Given-When-Then template. The goal is also to describe an
approach of how such a system may process natural language according to the Given-When-Then
template.

The main result of this thesis is an extension for Graphwalker, which can process natural
language requirements and create a testable model out of it. The extension will however be limited
to its processing of natural language, as it will follow the structured natural language in the
Given-When-Then template [6] and the use of natural language processing is outside the scope of
this thesis. The structured natural language limits the natural language in a way that it can be
interpreted more easily into different parts of a model. This thesis also includes how this extension
is processing the natural language requirements to create a model and what limitations were found.
The processed text can be obtained by either a graphical interface (by writing the requirements
inside of the tool) or directly through a JSON file.
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2. Background

In this section, we outline some background information related to software testing, the use of finite
state machines for testing, behaviour-driven development, and the Given-When-Then requirement
template.

2.1. Software Testing

Software testing is a big part of software development, it is used to validate the software to see
if it runs as expected and gives the expected results. It also aims to not only find the faults of
the program; it should also aim for improvements to the software. Its main goal is to measure
the specification, functionality, and performance of a program. Software testing has a couple of
steps, these include an analysis of the requirements [3] [2]. These requirements are specifications
of how the program should act and is often in natural language; it can however be expressed in
other languages such as a modeling language (UML, etc). The next step is to plan the test and
then develop the test cases; this will allow the creation of a test suite that can be used on the SUT.
The results of the test will give if the test case either passed or failed or if the test case didn’t
run for a different reason. Software testing can also be either manual or automatic. Manual tests
are created manually by a tester and automatic test generation is performed by a tool or through
scripts.

2.2. Finite State Machines

Finite state machine (FSM) is a mathematical model of computation. An FSM will read a series
of inputs and use the input to switch state. An FSM can only have one active state at a time.
Each state has certain states it can switch to and the state will be switched depending on where its
transitions lead. Transitions are representing how the different states may change; the transitions
may also lead back to its original state [8]. For example, the active window on a computer shows the
web browser while the user selects the home screen; then the computer’s active window transitions
into the home screen.

The states and transitions are often represented as graphs with the states being the nodes
and the transitions as edges (pointed arrows). Each transition will have the information for when
a state should change and are also represented as pointed edges which only goes one way (as
the condition for a transition should not apply both ways). States may also change different
components associated with the machine such as variables in the system; this is called an action.
For example, a state for a shop could be to add a product to a basket, then it would add an item
to the basket and add the items price to the total cost of the basket. Transitions can have guards,
a guard is the way a state machine will declare that if its conditions are not satisfied the system
may not proceed to the state it connects with [9]. Figure 1 shows a finite state machine of how a
simple web-shop may operate. This shows that for an added product it will add the item to the
items array (the cart) which will increase the total. In the model, an element can add a guard that
does not allow access to the checkout page if there are no items are in the cart.

2.3. Behaviour-Driven Development

Behavior-driven development(BDD) [10] is an agile software development process that was created
as a response to the issues in Test-Driven development (TDD). TDD is an approach that relies
on short development cycles and promotes the writing of automated tests before the functional
code, this supposedly leads to improved quality and productivity of the software. The issue with
this is that many developers are rather confused while using it, since it does not specify where to
start and what to test, or why tests would fail. In this way, the tester is analyzing the state of the
SUT rather than the behavior. Hence, BDD was created by focusing on defining specifications for
expressing the behavior of the SUT rather than what state it has. BDD tests are also supposed to
improve the way the tests are written such that they are more easily understandable. One of the
reasons BDD was considered easier to understand was because it used common language where
the language structure is based on the business domain. Requirement templates are also included
in BDD and use user stories which looks like the following: As a [role], I want [feature], so I can
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Figure 1: An example of a finite state machine with several states and transitions.

get [benefit]. This is the basis for expressing the template for how scenarios are written. For
example, this can be given in a Given-When-Then format, where it will show the context, events,
and outcome.

2.4. Model-Based Testing

Model-based testing is a testing technique that is used to either semi- or fully automatically gener-
ates tests based on pre-existing models [7]. The pre-existing models can either be manually created
or generated, both of which are based on the requirements of the SUT. The models themselves are
abstract representations of the systems and need to be explicit in model-based testing [2].

Model-based testing [7] has three stages, which are to design the functional test, determine
the test generation criteria, and generate the test. When designing the functional test, the test
model must represent the expected operational behavior. Test designers may also use modeling
languages such as UML to define the model structure, based on points of control and observation
in the system, such as the systems dynamic behavior, the entities associated with the test, and
the test data. The model is then linked by elements such as states, transitions, and decisions
to fully explore the requirements for a complete test. The models are often based on finite state
machines. These contain different states, transitions, events for the different transitions, and guard
conditions. Determining the test generation criteria is however important as models can usually
generate an infinite number of tests. Ideally, test designers must limit the number of generated
tests. A common approach for this test selection is based on the structural-model coverage. The
generation of a test in model-based testing is fully automated, with test cases being events of the
system, with input parameters, expected output, and return values for each event or action. We
outline the MBT process in Figure 2. The model is shown in Figure 1 can be used in this MBT
process.

2.5. Given-When-Then

Given-When-Then is a template to structure sentences into test cases, it was created for BDD. It
was developed as a part of behavior-driven development by Daniel Terhorst-Nort et. al [6] and
appears in several frameworks, and it can also be seen as a reformation of the Four-Phase test
pattern [6].

Given-When-Then breaks down scenarios in three sections: the Given part, the When part, and
the Then part. The Given part specifies the state of the overall world and sets the pre-conditions,
the When part describes the scenario’s behavior, and the Then part describes the result of the
behavior. Some examples can be seen in Table 1. Example 1 can be read as follows: Given
(The system is online), When (The system gets shut down, Then (The system is offline). The
when section also does not need to concern all the subjects in the Given and Then part. The
Then section describes the side effects on the system. The four-phase pattern [6] is similar to this
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Figure 2: An overall view of MBT process from the creation of test cases and how test results are
obtained.

template except it also features a function called tear down, in which it restores the system to its
original state.

2.6. Graphwalker

Graphwalker1 is an open-source tool used to create models in terms of graphs and is able to
generate test cases from these graphs which are based on finite state machines. It contains two
modules used for this purpose: the CLI tool and the GUI version called Graphwalker studio. The
CLI module is a tool for working with graphs. This module has different subsets of commands
for its offline mode that can generate a test sequence that can be executed or used to check the
correctness of the model. The CLI can only work with already created models and is compatible
with formats such as graphml or JSON. The online mode however can connect to the SUT directly
and test it dynamically, where the output may be a graphml or a JSON file. The CLI can be used
to change which element is the starting point in the model. The models contain different directed
paths, which means the tool follows all the alternate paths to create test cases. The Studio version
has a graphical interface that can be used to edit models.

The model can contain at least two elements that can be added: vertices and edges. As these
models are based on finite state machines, elements may also have actions and guards. The actions
will be taken when the execution of the model reaches that element. The guard will not allow
access to the element if the condition is not reached. These elements and functions work similarly
in the CLI version where the vertices are the states and edges are the directed transitions. If the
model reaches a vertex which is protected by a guard, the execution will fail as the model has
no state to go next. Studio can also run the model and shows all the different paths the model
can take, which also shows all the available test cases. The generation depends on what kind of
generator is chosen, which means the generator needs to decide how the tool will generate a path.
There are several algorithms that can be used such as the random generator. In this way, the tool

1https://graphwalker.github.io/
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Table 1: Examples of Given-When-Then requirements

Example 1 Example 2 Example 3

Given: The system is online
The system has 100 GB left
in the hard drive and 8 GB RAM

The user is not
logged in

When: The system gets shut down
The system install a program
that takes 40 GB

The user access
the profile page

Then: The system is offline
The system has 60 GB left
in the hard drive and 8 GB RAM

The user is sent
to the login page

picks random targets. Nevertheless, the stop condition needs to be stated clearly. For example,
one should use the following: all edges, vertices are covered, or other similar conditions.

Graphwalker [9] is based on JavaScript which means the elements are structured using JavaScript
objects that contain different information depending on each type of element. All elements have
names, actions, guards, and requirements. However, vertices must also contain what position they
are in and edges contain which vertices they connect to. An example for how a vertex looks like is
shown as follows: {”name” = ”V ertex”, ”id” = ”v1”, ”position” = {”x” = 0, ”y” = 0}, ”action” =
””, guard = ””}. This is placing a vertex named Vertex in position (0,0). Other functions such
as updating the element are using the id v1. Edges are declared similarly and have the same
structure, but instead of the position, these contain source and target vertices. The model is has
a similar structure as the elements but contains a generator, a model name, all the elements, and
local variable definitions.

5
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3. Related Work

Anand et al. [11] points out that test case generation has been one of the most active research
topics in software testing for more than three decades, and has led to many different techniques
and tools, including test generation based model-based methods [12].

Related to this thesis, Marques et al. [2] compared MBT with manual testing. They used two
approaches: the manual ad-hoc tests and MBT using a tool named TaRGeT. In this experiment
they tested 54 experimental units, the result of the experiment was statistically equivalent in
terms of defects found, however the study showed manual testing was better at finding system
logic defects, MBT were better at evaluating the system documentation and more complex test
cases.

Flemström et. al [13] convert natural language requirements for vehicular systems into test
cases. The paper includes a process of five stages to transform these requirements. It starts with
the analysis of the requirements and is using the information to create first abstract test cases and
then create a prototype before finalizing them. It uses an approach called Guarded Assertions in
the form of an executable test case. The results of this study showed how to translate natural
language requirements into passive test cases, for vehicular systems. However, this approach
needs more development before it could reach industrial use since this work is only describing the
transformation process.

Fischbach et. al [14] notes that pseudo-code often appears in requirements and to semi-automate
the generation of tests they have proposed to use machine learning to translate segments into a
language called Cause-Effect-Graphs(CEG) that can be used to derive test cases. This study makes
three contributions: an algorithm that is used to detect appropriate descriptions, an algorithm to
translate the requirements into CEG, and a study demonstrating the proposed solution which leads
to 86% saving in time without losing test quality.

Carvalho et al. [15] points out that MBT is not often used at the beginning of a project since it
needs the input models upfront. They focused on an approach to generate models from a controlled
natural language, by starting with an analysis of the requirements and their semantics. This allows
the requirements to be represented as a transitions relation and this representation can be used to
generate test cases. This approach generated 94% of the tests manually written, but in seconds.
However, these results suggest that this approach depends on concrete specifications.

Sarmiento et al. [16] present a tool that implements an approach for generating test cases
from natural language requirements. This tool is named C&L and translates natural language
into behavioral models and uses these to create test cases. The tool requires a controlled natural
language called scenario language. It has been used and evolved by PUC - Rio.

Yue et al. [17] notes that test generation often relies on test case specifications, for both
the creation and execution of tests. This requires a lot of time by the test engineers, hence
they introduce another test case language named Restricted Test Case Modeling. Secondly, they
introduce a tool called aToucan4Test to create both manual- or automatic executable test cases,
based on its coverage criteria. These experiments were successfully executed on systems created
by Cisco and the report discusses its future uses in an industrial context.
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4. A Method for Transforming Given-When-Then Require-
ments to a Graphwalker Model

4.1. Overall Method

The goal of this thesis is to create and evaluate a tool that can generate a model from natural
language requirements written in Given-When-Then format. This model should then generate
executable test cases. The proposed method is an extension of Graphwalker, a tool that does not
support automatic generation of new models. Graphwalker is extended to accept natural language
requirements written in the Given-When-Then template and generate a model based on these
requirements.

Graphwalker is currently able to generate models from a JSON file. These JSON files are made
up of vertices, how they are connected through edges, and what information the elements contain.
This information may contain what kind of actions and guards are used and what kind of generator
should be used to run the model. However, the JSON files are often pre-made through the tool
itself to obtain a proper structure. The tool is also able to run the model to generate a path,
which could be used as a test case [9]. The extension is using the current functions to create and
update the models. However, as the generation from JSON files is specific to the structure in these
files, it is not be used. Hence, the extension generates the models through Graphwalker’s create
and update elements functions. Graphwalker was chosen since it is an available open-source MBT
tool that is still in development and does not support the generation of new models. There are
several other tools that show similar functionality however many are not open-source or don’t have
all the functionalities of Graphwalker. There are some who also already support automatic test
generation such as fMBT1.

To generate models, Graphwalker is first extended to accept natural language either via manual
input or JSON files. Graphwalker is then extended to recognize and use the Given-When-Then
template so it is able to create the desired elements and actions. The models can then be used to
create test cases through Graphwalkers other module, the CLI.

This method is implemented in a tool supporting the use of natural language requirements
written in Given-When-Then and how these can be interpreted as a model and then be used to
create test cases. This tool was evaluated based on its ability to create a usable model from
natural language requirements. The method was implemented to contribute to the answer of the
research question, by giving an insight into how to transform Given-When-Then structured natural
language into models.

4.2. Implementation of a Graphwalker extension

This section gives a detailed explanation of how the extension was created, and how the different
parts of the extension interact with each other and with Graphwalker. It describes what this thesis
has contributed to transforming Given-When-Then requirements into a Graphwalker model.

4.2..1 Implementation Process

The implementation process is divided into the following steps: (1) evaluate the different ways
Graphwalker can automatically generate an input model and (2) extend Graphwalker’s capability
to process textual requirements. Initially, the focus was on developing an initial version of this
transformation. The reason for this choice relates to the capability to generate directly from textual
information. During this process, we observed that actions and guards can be directly created.

Another step in this process (3) involved the improvement of the text processing such that
the input textual requirement could be more general in structure. The fourth step (4) involved
the implementation of actions and guards, such that the extension can be used to add variables
and change these. Another addition is to block access to certain elements through guards. The
last stage (5) of this process involved the development of the processing part that implemented
the reading from a certain file. This involved the setting of an action or guard by selecting
the element in Graphwalker studio. In order to perform the implementation, time was spent on

1https://01.org/fmbt
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Figure 3: A snapshot showing the initial prototype used to add an element. The other buttons are
however displaced.

learning how Graphwalker functions and how to process Given-When-Then requirements. This
time was influenced by the fact that Graphwalker is not specifically documented for modifying
its existing functionalities and how to use the current source code to extend it. For example, the
GIT repository contains several modules, including the studio module which comes paired with
the previous version of Graphwalker studio. The structure of the program does not fully explain
what parts of the code are connected to certain parts of the GUI. The processing of Given-When-
Then requirements has been a difficult task since there is no standard way on how to perform
such an analysis. Some of the functions mentioned in the next sections are standard functions of
Graphwalker on which the extension is based on, such as createModel or updateElement.

4.2..2 Initial Prototype Implementation

The initial prototype focused on a simplified version of language processing and not all features
were implemented. The initial prototype was used for an initial evaluation of how to generate
models and elements and did not focus on extending the GUI. I featured text boxes on an existing
menu (as shown in Figure 3). The first step focused on generating a model and showed that models
could be generated in Graphwalker. At this stage, the elements could not be added so the extension
could only add two vertices and one edge. To create a model the extension used a function named
createModel, it created a new tab with the added vertices and edge.

The extension only used certain sentences in the form of ”subject is event/state”, where the
subject is identified and a function was used to separate the sentence so everything before a certain
marker was considered an element. This method was also used for the next step, which was to
generate separate elements. Instead of the createModel function, this step used the createElement
function. These differ in how they are used as the createModel would always have access to its
elements and there was no way of obtaining this information when using createElement. To keep
track of all elements and to check if they already exist, all elements were added to their specific
array. Using this functionality, the extension was used to create a model without actions. However,
vertices could be used to transition to the same state or another state and form a model. The
extension uses the names of the vertices to check if they already exist or not and connects them
through this.

4.2..3 Updated Version of the Implementation

The initial prototype confirmed the possibility to create an extension that can process structured
natural language requirements. To extend this, a partial part-of-speech tagging (POS tagging)
[18] was implemented, by letting the extension tag words based on what the rest of the sentence
meant. Proper POS tagging will tag every word in the sentence with a certain category. The

8
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partial POS tagger only considers certain words, and based on what kind of tags are included it
will determine what the rest of the sentences means. For example, the first example in Table 1
describes a transition, while example 2 describes an action in a transition. The next section will
cover in more depth how the extension interprets sentences.

Another functionality of this extension related to the support for actions and guards. This
was implemented by using a function called updateElement. This allows the selected model to
be updated with an action or guard, taken from directly from the sentences. The words used
for these tasks differ from states and transitions as they describe the actual behaviors of states
and transitions. Actions and guards also require the variables to already be recorded. This was
implemented by adding them to arrays since the extension needed to check if any such variable
existed in the model. In the case were no variables with the specified name existed, the plugin
created the specified variable. Also, the extension limits the Given part in the sense that it can
only assign a new variable or change its starting value. This was done by updating the model
through the function updateModel which did not need a specified element. However, the When
and Then parts of a requirement needed a specified element to target and used updateElement.
Guards belong to the When part of a requirement as it often describes a certain condition. Actions
belong to the Then part of a requirement as these describe an outcome of an event. This deviates
from the usual Given-When-Then format as the When part may also describe an action.

The last part of creating the implementation involved the creation of a file reader. This is
currently limited to JSON files since it fetches the data written in a Given-When-Then format. It
can then use the same functions as for when the input comes from text boxes. As the extension
needs to focus on an element, it cannot create the desired action or guard if it does not have
access to either the element’s id or name. Since every action or guard would need the name of
the desired element, the element could be selected by going through all elements and matching the
name to obtain the identification id. This id was necessary to obtain as Graphwalker’s function
selectElement is using this id.

4.2..4 Processing the Natural Language Requirements and Using the Extension

The extension is processing the Given-When-Then requirement parts separately. For every part
of the requirement, the extension is using a different set of words and a different processing of
these words. The transformation starts with the interpreter, which will recognize what type of
word based on a couple of predefined word lists. For example, if it detects a verb it will recognize
that the sentence is intended to declare a state. This will make the rest of the process assume the
model needs to create a new transition. We note here, that the words used later in the sentence
can change this assumption.

The next part of this process is the word tagging which decides the meaning of the sentence.
The sentences are the Given-When-Then requirements. Figure 4 shows the implemented method
operates the word tagging and how it uses the resulting dictionary. The process goes through
several stages. The first part is involved when the requirement is used in the main function
modelUpdater (shown as 1 in Figure 4). This function calls the implemented Dictionary function
(shown as 2 in Figure 4, function is shown in Appendix B) and it is used to interpret the sentence.
To perform this it sends the words to the interpreter (3 in Figure 4). The interpreter will assign
tags to each word. The tag depends on the word lists or if its a number or logical parameter (e.g.,
true and false). These values are returned to the Dictionary, which will use it to form a structure of
the sentence. This means that it will process the tags to observe what category each word belongs
to. The Dictionary may also override the tags from the interpreter. If a process starts (e.g., action,
guard, or transition) the Dictionary only tags the most relevant words and assigns the others with
an ”other” tag. For example, the function is searching for a number if it encounters a previous
word such as ”higher” or ”<” and assigns the most likely word as the subject of this function.
The subject is used to determine what element should be changed. This statement is interpreted
as a guard (e.g., ”higher” or ”<” is a comparison). This is then used to determine new tags as
part of the function (shown as 5 in Figure 4). Exactly how it determines the new tags are in
Appendix B and shows that the extension mostly considers what has happened before the current
word. Certain situations may however allow words that are after the current word to change, such
as if its a guard it will find the subject through looking after words tagged with ”other” and assign
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Figure 4: An overall view of how the word tagging system and the main model updater is using
the dictionaries for text to model transformation.

it to be the subject. This gives the function a partial Dictionary that contains the words paired
with its tag. This function loops through the sentence. When the Dictionary is completed, it
sends this information back to the main function. The extension use three dictionaries: one for the
Given statement, another one for the When statement, and the last one for the Then statement of
each requirement. Appendix B shows how the Dictionary also makes distinctions based on what
statement the sentence if for, which is retrieved from the main function. The main function is used
to understand the sentence purpose (shown as 6 in 4). This step leads to three outcomes: either
it adds an element, updates the model, or updates an existing element. This is decided depending
on the dictionaries tags. The extension assumes the use of a transition. If there is no action,
definition, or guard, this leads to the use of the addElement function. In the case of a definition, it
leads to updateModel where the default value is (0 or false). When the extension finds an action or
guard, it is using the updateElement function. The Given, When, Then statements give different
interpretations. Since the Given part gives a state and creates a definition, the When statement
gives an event and can only create a guard. The Then statement gives the state after the event
and can only create an action. This was assumed since it makes it clearer what kind of elements
the statements could create.

As an example, the extension is processing the sentence ”The system is online” in the following
manner: the main function sends in the sentence to the dictionary. The dictionary sends it to
the interpreter and receives the tag for each word. In this case, it would obtain ”The:presubject,
system:other, is:state, online:other”. The dictionary would then process the words and assign new
tags. The sentence would be tagged as: ”The:presubject, system:subject, is:state, online:other”
and this information is sent back to the main function as a Dictionary. The word ”system” had
its tag changed as the previous word is recognized as a ”presubject”. When returned the main
function, the extension is recognizing this sentence as a state and will add a transition if the rest
of the statements are not considered to be actions or guards and if the rest of the statements are
not empty.

Table 2 shows the commands that are implemented in the extension. It states what word list
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Table 2: Overview of the commands implemented in the transformation extension.

Given When Then Example 1 Example 2
Verb(State
Of Being)

Assumes
new transition

Assumes
new transition

Assumes
new transition

The System
(is) online

The system
(opens) the file

Assignment
Defines variable
with value

-
Assigns
new action

var1 is
(set) to true

login (=) true

Comparisons -
Assigns
new guard

-
var1 is
(higher) than 1

login (==) true

Operations - -
Assigns
new action

var1 adds 1 var1 += 1

belong to which command. These word lists are limited to certain categories shown as follows:

• Verb(state of being) = is, are, shows, gets, etc.

• Assignment = set, sets. =

• Comparisons = higher, lower, equals, ==, ¡, ¿=, etc.

• Operations = adds, subtracts, *=, /=, etc

The extension is also able to distinguish if the requirement contains any numbers or logic (true
or false) and this affects what the extension assumes about the sentence.

4.2..5 The Proposed Extension and the Use of Graphwalker

Figure 5 shows an overview of how Graphwalker studio works and which parts the extension is using.
For example, the extension cannot be used if there is no existing model created. The extension
does not support the opening of a new tab since this gives conflicts in the lists of elements and
variables. As shown in Figure 5, some functions enable the use of other functions. For example,
create element enables deletion and updating of that element. Also, when running the model the
extension is using the specified generator that can be changed in the model. In addition, its stop
conditions need to be specified to run and display a test sequence. We also only show the most
relevant features and not others since Graphwalker could also use other tabs, link together models,
and more functions.

The functions themselves need different inputs. As mentioned before some also need the element
to be selected beforehand. The first functions, as shown in Figure 5, can either be to create model or
load model. These will either create a new model or load an existing one. These functions create or
generate a starting model. Create model does not need any input but will return a JavaScript object
in the form of the model. The object contains the name, id, generator, definitions (called actions),
edges, and vertices. It is contained in a similar structure as the vertex element described in the
Background Section. One difference is that the generator is in the following format: ”generator” =
”algorithm(stop condition)”. This shows what algorithm will be used and what stop conditions are
set for the model. The create element function needs to receive the element that it should create.
An example of how this looks like is shown in the Background section, as the vertex mentioned
above. Delete requires the element to be selected and this allows access to its id and will delete this
specific element. Update element also requires the element to be selected but will require input
in the form of (”target”, operation). The target is what field the update wants to change and
operation what the field should perform. An example of this operation is updateElement(’action’,
(”var1=true;”).split(”
n”));. The split is necessary as it will convert the action to an array. This is used to extend the
current list of actions. This also shows how the model is updated. However, as this is the definition
of a variable, it can only assign a value, as an action in an element can assign an operation such as
”+=” to the actions field. Both fields are also called actions, where the guard has a separate field.
Graphwalker can also save the current model. This will download a JSON file and can be used to
load the model. This can also be used in the CLI parts of Graphwalker to obtain a test sequence
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Figure 5: An overview of the proposed extension and how Graphwalker operates and enables
different features.

or check its viability. This can also be checked in the studio GUI. However, this does not give any
output, except for the visual information shown on the screen.

4.2..6 Limitations

Currently, there are certain limitations on using this extension. One of them relates to the inability
to recognize what element is tied to an action or guard through text. Also, the ”and” operators in
the Given-When-Then are used to extend the statement’s functionality with additional tasks, so
it can add two or more actions at the same time. This needs to be taken into account to be able
to handle more complex requirements.

Both these mentioned issues are related to the Given-When-Then template and are left for
future work. The current language processing is also limited. However, as this is a process that is
widely researched, it can probably be improved in different ways.

The extension does not support all features available in Graphwalker. For example, the method
can have multiple tabs for one model, and these are connected through a field called shared names.
For this work, this does not add much functionality except for the visual representation of the
models.
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Figure 6: A generated model that was generated from the JSON in Appendix 7.

5. Experimental Results

The main result of this thesis is an extension2 of the Graphwalker tool for MBT. Based on this work,
this tool can process structured natural language requirements written according to a certain Given-
When-Then template and create a model based on these requirements. This extension is only used
for Graphwalker studio as we could not find a way for the CLI version to create models.In this thesis
we have shown the description of how the extension was implemented. Currently, the extension, is
able to create a model with vertices, edges, actions, and guards. This allows the creation of a finite
state machine, which is the basis of using Graphwalker for model-based testing. This extension
shows that natural language requirements can be used in the creation of Graphwalker models and
that natural language processing could be included in Graphwalker. We have described how to
generate models in Graphwalker as this tool could not directly generate a model from outside the
GUI interface. The extension is also able to generate graphs from JSON files such as the one shown
in Appendix 7. In this section we show the experimental results of using this extension on a real
example as shown in Figure 6. This model was generated in 175 milliseconds, the others are a bit
smaller and took around 100 milliseconds to generate. This shows that this extension is efficient in
transforming realistic requirements. In Figure 6 we can observe what elements are selected in the
black border and that the green-colored vertex is the start element. We also show the resulting
test sequence obtained from test generation using the model in Figure 6. We ran Graphwalker on
the obtained model in Figure 6 with a random generator that should cover all edges and obtained
the following result:

1. {”currentElementName”:”the site ”}

2. {”currentElementName”:”goes to the homepage ”}

3. {”currentElementName”:”browsing the Homepage ”}

4. {”currentElementName”:”access the login page ”}

5. {”currentElementName”:”the login page ”}

6. {”currentElementName”:”in ”}
2https://github.com/JocksTheGul/graphwalkerGiven-When-Then
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Figure 7: A generated model showing the result of the model generation for a correct version of
an example model

7. {”currentElementName”:”setting login ”}

8. {”currentElementName”:”goes back to homepage ”}

9. {”currentElementName”:”browsing the Homepage ”}

10. {”currentElementName”:”access the login page ”}

11. {”currentElementName”:”the login page ”}

12. {”currentElementName”:”fails to log in ”}

13. {”currentElementName”:”the login page ”}

14. {”currentElementName”:”in ”}

15. {”currentElementName”:”setting login ”}

16. {”currentElementName”:”goes back to homepage ”}

17. {”currentElementName”:”browsing the Homepage ”}

18. {”currentElementName”:”access the profile page ”}

19. {”currentElementName”:”the profile page ”}

20. {”currentElementName”:”goes back to homepage ”}

21. {”currentElementName”:”browsing the Homepage ”}

This result was obtained using the Graphwalker CLI as the Studio version cannot be used to
extract test sequences. Nevertheless, this version can be used to visually show a sequence in the
model editor. The model was imported by saving the file and using it in the CLI version.

In Figure 7 and 8 we show some of the limitations of this model generation. The extension
will not be able to interpret correctly when some of the sentences are changed. They show how
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Figure 8: A generated model showing the result of a failed version of an example model due the
use of different terms when referring to the same vertex.

a system might act for the state of an item. They do however differ in some ways. For example,
if a statement is added stating ”The item is added to the wishlist”, a vertex called ”added to
the wishlist” will be created. The safest way to use this vertex again would be to use the same
sentence. However, if we refer to it using a sentence such as ”The item is in the wishlist”, which
actually is a more accurate statement according to the Given-When-Then template and it would
create another vertex and transition to it instead. Figure 8 shows the correct statements according
to the Given-When-Then template. In addition, Figure 7 shows the statements adapted to the
extension. The exact differences can be seen also in Appendix B and Appendix B.

Another limitation of this extension relates to the inability to recognize certain statements,
which happens when these do not contain the keywords in the word-lists. In Figure 9 and 10 we
show two models of a game model, one of which shows when the extension cannot recognize a
statement. When this happens, the model generation simply does not add the transition and the
subsequent vertices. The only difference in the used statement is ”The game starts” (in the failed
version) and ”The game is started” (in the adapted version). The correct requirement for these
models can be seen in Appendix B.

5.1. Ethical and Societal Considerations

This thesis does not handle any sensitive data and is based on developing an extension of an
open-source software. As this thesis builds upon previous research it is not involving any human
subjects. However, it can help testers and developers during the test creation process, which could
reduce the time and cost it would require to use model-based testing.
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Figure 9: An example of a correct model for a game leader-board.

Figure 10: An incorrect model of a leader game, when the extension cannot recognize a statement.
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6. Discussion

The proposed extension enables Graphwalker to generate models from structured natural language
written according to the Given-When-Then template. These models are able to change their
internal values in their elements through the text in the requirement. This contributes to the
goal of the thesis since it is focusing on a limited form of Given-When-Then templates. There are
features, such as support for the ”and” operator, that are not supported in the current version of
this extension. This would require the extension to increase its modularity which would improve
the extension’s overall quality, by letting different parts handle what currently the main function
is performing. The extension is letting Graphwalker create elements and add actions or guards
to them. We do not change the structure of the program except the addition of a couple of
HTML elements. The natural language processing part is limited to certain phrases and could
be improved. For reaching a more generic and industrial use, this extension needs to be further
developed. The word tagging can also be improved by connecting it to a dictionary. The whole
language processing might also be improved by letting another system interpret the meaning of
these sentences. We observed some limitations when working with Graphwalker. As there was no
known way of accessing the current model as a whole, this would allow the use of tabs and it would
give easier access to existing elements. The other limitation is related to the way the extension
could automatically place vertices. This was solved by simply counting the current elements and
calculating the position of each element

We argue here that these results could also inspire other researchers on how to process these
Given-When-Then requirements and how to use them. This work could also be used in other
projects that do not include MBT, as Given-When-Then can be used in most approaches for
software testing and is often used in BDD. It could also help the development of Graphwalker to
be able to generate models out of text or other formats. As currently, this tool is only able to
create models manually or trough an existing file created by similar tools or the tool itself.

6.1. Future Work

This extension could be improved in several ways. As described already, it could use a more
advanced system to handle the natural language processing. The suggestion for this would be
Gherkin [19], as this system can process Given-When-Then requirements. For this to work, one
would need to state a feature the current statements are supposed to create. As it would improve
how words are processed and give the extension support for proper Given-When-Then requirements,
this system would also be able to use the information gathered to automatically detect what element
the statement is referring to.

As mentioned above, this extension could also use the ability to access the current model.
This could also assist in placing the elements in the GUI interface, as the current way of placing
vertices is not taking into account the visual representation. This could be used to identify which
model works and would solve the conflicting lists of elements and variables. This could enable the
extension to create multiple models and could connect these.

The implementation doesn’t have a comparison of how well it does compared to manual testing,
this could be done over an openly available program that gives access to a ready-to-use test suite.
Then the extension could be used to create a test suite of this program to see how well it would
do against the manual one.
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7. Conclusions

In this thesis, we propose and create an extension to Graphwalker[9] that could generate models
out of natural language requirements written according to the Given-When-Then template[6].
Given-When-Then is used to structure sentences to allow easier transformation to test cases and
is structured as a scenario that gives the context, the event, and the result of the event. The
automated transformation begins with processing a sentence and tags every word. These words
can affect the other words tags depending on what the extension specifies the sentence is supposed
to include. The tagged words are then used to determine the meaning of all the sentences specified
in Given-When-Then. We contribute to the state of the art by creating Graphwalker models from
textual descriptions. The elements we can create are related to both vertices and edges, who have
the ability to change internal values in a system. These can also block access to certain elements
forming a graph [8].

The implementation of this extension can be improved for industrial use. A better way of
processing of words should be able to properly use the Given-When-Then template. Most of the
issues in the extension could be solved if another system called Gherkin [19] could be integrated.
This would allow the extension to have a proper interpretation of the sentences and will give
support for proper Given-When-Then requirements, as this is what Gherkin is processing.
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{ 
  "requirements": [ 
    { 
      "given": "The browser access the site", 
      "when": "The browser goes to the homepage", 
      "then": "The browser is browsing the Homepage", 
      "name": "" 
    }, 
    { 
      "given": "The browser is browsing the Homepage", 
      "when": "The user access the login page", 
      "then": "The browser shows the login page", 
      "name": "" 
    }, 
    { 
      "given": "The browser shows the login page", 
      "when": "The user successfully log in", 
      "then": "The site is setting login", 
      "name": "" 
    }, 
    { 
      "given": "The browser shows the login page", 
      "when": "The user fails to log in", 
      "then": "The browser shows the login page", 
      "name": "" 
    }, 
    { 
      "given": "The site is setting login", 
      "when": "The site goes back to homepage", 
      "then": "The browser is browsing the Homepage", 
      "name": "" 
    }, 
    { 
      "given": "The browser is browsing the Homepage", 
      "when": "The user access the profile page", 
      "then": "The browser shows the profile page", 
      "name": "" 
    }, 
    { 
      "given": "The browser shows the profile page", 
      "when": "The site goes back to homepage", 
      "then": "The browser is browsing the Homepage", 
      "name": "" 
    }, 
    { 
      "given": "loggedIn = false", 
      "when": "", 
      "then": "", 
      "name": "" 
    }, 
    { 
      "given": "", 
      "when": "", 
      "then": "loggedIn = true", 
      "name": "setting login" 
    }, 
    { 
      "given": "", 
      "when": "loggedIn == true", 
      "then": "", 
      "name": "access the profile page" 
    } 
  ] 
} 
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A JSON Test
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B Dictionary
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modelDictionaryALT = (text, mode) => { 
    var dictionary = Object.create(null); 
    var dictionaryArr = []; 
    var state = false; 
    var action = false; 
    var guard = false; 
    var arr = text.split(" "); 
    for (let i = 0; i < arr.length; i++) { 
      var arrType = this.interpreter(arr[i]); 
      if (mode === status.GIVEN) { 
        if (state && arrType !== type.PREACTION) { 
          dictionary[arr[i]] = type.OTHER; 
        } 
        else { 
          if (arrType === type.STATE) { 
            dictionary[arr[i]] = type.STATE; 
            state = true; 
          } 
          else if (arrType === type.PREACTION) { 
            dictionary[arr[i]] = type.PREACTION; 
            state = false; 
            action = true; 
          } 
          else if (arrType === type.PRESUBJECT) { 
            dictionary[arr[i]] = type.PRESUBJECT; 
            dictionaryArr.push([arr[i], dictionary[arr[i]]]); 
            i++; 
            dictionary[arr[i]] = type.SUBJECT; 
          } 
          else { 
            if (dictionary[arr[i - 1]] === type.SUBJECT && arr[i].slice(-1) === 's') { 
              dictionary[arr[i]] = type.STATE; 
              state = true; 
            } 
            else { 
              dictionary[arr[i]] = this.isValue(arr[i]); 
            } 
          } 
        } 
      } 
      else if (mode === status.WHEN) { 
        if (state && arrType !== type.GUARD) { 
          dictionary[arr[i]] = type.OTHER; 
        } 
        else { 
          if (arrType === type.STATE) { 
            if ((dictionaryArr[0][1] === type.OTHER || dictionaryArr[0][1] === 
type.SUBJECT) && arr[i] === 'is') { 
              dictionary[arr[i]] = type.GUARD; 
              state = false; 
              guard = true; 
            } 
            else { 
              dictionary[arr[i]] = type.STATE; 
              state = true; 
            } 
          } 
          else if (arrType === type.PREACTION) { 
            dictionary[arr[i]] = type.GUARD; 
            state = false; 
            guard = true; 
          } 



          else if (arrType === type.GUARD) { 
            dictionary[arr[i]] = type.GUARD; 
            state = false; 
            guard = true; 
            if (dictionaryArr[i - 1][0] === "is" && dictionaryArr[i - 1][1] === 
type.GUARD) { 
              dictionaryArr[i - 1][1] === type.OTHER; 
            } 
          } 
          else if (arrType === type.PRESUBJECT) { 
            dictionary[arr[i]] = type.PRESUBJECT; 
            dictionaryArr.push([arr[i], dictionary[arr[i]]]); 
            i++; 
            dictionary[arr[i]] = type.SUBJECT; 
          } 
          else { 
            if (dictionary[arr[i - 1]] === type.SUBJECT && arr[i].slice(-1) === 's') { 
              dictionary[arr[i]] = type.STATE; 
              state = true; 
            } 
            else { 
              dictionary[arr[i]] = this.isValue(arr[i]); 
            } 
          } 
        } 
      } 
      else if (mode === status.THEN) { 
        if (state && arrType !== type.PREACTION && arrType !== type.OPERATIONS) { 
          dictionary[arr[i]] = type.OTHER; 
        } 
        else { 
          if (arrType === type.STATE) { 
            dictionary[arr[i]] = type.STATE; 
            state = true; 
          } 
          else if (arrType === type.PREACTION) { 
            dictionary[arr[i]] = type.PREACTION; 
            state = false; 
            action = true; 
          } 
          else if (arrType === type.OPERATIONS) 
          { 
            dictionary[arr[i]] = type.OPERATIONS; 
            action = true; 
            state = false 
          } 
          else if (arrType === type.PRESUBJECT) { 
            dictionary[arr[i]] = type.PRESUBJECT; 
            dictionaryArr.push([arr[i], dictionary[arr[i]]]); 
            i++; 
            dictionary[arr[i]] = type.SUBJECT; 
          } 
          else { 
            if (dictionary[arr[i - 1]] === type.SUBJECT && arr[i].slice(-1) === 's') { 
              dictionary[arr[i]] = type.STATE; 
              state = true; 
            } 
            else { 
              dictionary[arr[i]] = this.isValue(arr[i]); 
            } 
          } 
        } 



      } 
      dictionaryArr.push([arr[i], dictionary[arr[i]]]); 
    } 
    if ((action === true || guard === true) && dictionaryArr[0][1] === type.OTHER) { 
      dictionaryArr[0][1] = type.SUBJECT; 
    } 
    console.log("Model DictionaryALT: "); 
    console.log(dictionaryArr); 
    return dictionaryArr; 
  } 

 



{ 
  "requirements": [ 
    { 
      "given": "The user is browsing an item", 
      "when": "The user adds an item to the wishlist", 
      "then": "The item is added to the wishlist", 
      "name": "" 
    }, 
    { 
      "given": "The item is added to the wishlist", 
      "when": "The user removes the items from wishlist", 
      "then": "The user is browsing an item", 
      "name": "" 
    }, 
    { 
      "given": "The item is added to the wishlist", 
      "when": "The user adds the item to the cart", 
      "then": "The item is added to the cart", 
      "name": "" 
    }, 
    { 
      "given": "The user is browsing an item", 
      "when": "The user adds the item to the cart", 
      "then": "The item is added to the cart", 
      "name": "" 
    }, 
    { 
      "given": "The item is added to the cart", 
      "when": "The user removes the item from the cart", 
      "then": "The user us browsing an item", 
      "name": "" 
    }, 
    { 
      "given": "The item is added to the cart", 
      "when": "The user pays for the item", 
      "then": "The item is bought", 
      "name": "" 
    }, 
    { 
      "given": "The item is added to the wishlist", 
      "when": "The user removes the items from wishlist", 
      "then": "The user is browsing an item", 
      "name": "" 
    } 
  ] 
} 
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{ 
  "requirements": [ 
    { 
      "given": "The user is browsing an item", 
      "when": "The user adds an item to the wishlist", 
      "then": "The item is added to the wishlist", 
      "name": "" 
    }, 
    { 
      "given": "The item is added to the wishlist", 
      "when": "The user removes the items from wishlist", 
      "then": "The user is browsing the item", 
      "name": "" 
    }, 
    { 
      "given": "The item is in the wishlist", 
      "when": "The user adds the item to the cart", 
      "then": "The item is added to the cart", 
      "name": "" 
    }, 
    { 
      "given": "The user is browsing an item", 
      "when": "The user adds the item to the cart", 
      "then": "The item is added to the cart", 
      "name": "" 
    }, 
    { 
      "given": "The item is in to the cart", 
      "when": "The user removes the item from the cart", 
      "then": "The user is browsing an item", 
      "name": "" 
    }, 
    { 
      "given": "The item is added to the cart", 
      "when": "The user pays for the item", 
      "then": "The item is bought", 
      "name": "" 
    } 
  ] 
} 
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{ 
  "requirements": [ 
    { 
      "given": "The Game presents multiple difficulties", 
      "when": "The user chooses difficulty", 
      "then": "The game is started", 
      "name": "" 
    }, 
    { 
      "given": "The game is started", 
      "when": "The user beats all levels", 
      "then": "The game shows the leaderboard", 
      "name": "" 
    }, 
    { 
      "given": "The game shows the leaderboard", 
      "when": "The user registers the score", 
      "then": "The Game takes username", 
      "name": "" 
    }, 
    { 
      "given": "The game takes username", 
      "when": "The game is reset", 
      "then": "The Game presents multiple difficulties", 
      "name": "" 
    }, 
    { 
      "given": "The game shows the leaderboard", 
      "when": "The user ignores the score", 
      "then": "The Game presents multiple difficulties", 
      "name": "" 
    } 
  ] 
} 
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