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Abstract—Model Based Testing (MBT) is a relatively an 

approach widely discussed in software testing. It extends 

test automation from test design to test execution using 

automatic test generation from models. The effective use 

of this approach requires new skills, technology and 

knowledge, such as test modelling skills, but also good 

programs and tool support. This paper explores a design 

of a Behaviour driven test automation framework using 

MBT and how it can be effectively used during Agile 

Development. The automation framework is experimented 

upon the integration of the Graphwalker, a Model Based 

Graphical User Interface test generator with behaviour 

driven development framework and Robot Framework. 
 

Keywords – Software Testing; Automation Framework; Model 

Based Testing; Behaviour Driven Automation; Graphical User 

Interface Testing; Agile Development;  

I. INTRODUCTION 

Automated testing is an effective way of test case execution 

and when implemented with a framework is most effective. 

Behavior driven development, which is second generation and 

most agile automation framework, refer to system as 

independent automation framework. In a behavior-driven test, 

the functionality of the application-under-test is documented 

in a table as well as in step-by-step instructions for each test is 

independent of the automated test tool used to execute them.  

One way to write these requirements/tests is Given-When-

Then style popularized by Behavior Driven Development 

(BDD). When writing test cases in this style, the initial state is 

usually expressed with a keyword starting with word Given, 

the actions are described with keyword starting with When 

and the expectations with a keyword starting with Then. 

Keyword starting with And may be used if a step has more 

than one action. 

Requirements are the bottom line of any application under 

development. MBT (Model Based Testing) breathes with 

requirements. In MBT, model is built from the requirements 

for the system. The model is used to generate test cases, 

typically in an automated fashion. The system is run against 

the generated tests and the outputs are compared with the 

expected output. There are two main approaches for test 

execution in MBT; Online and Offline. Both the approaches 

have its usages depending on the testing framework. Offline 

MBT test case generations are automated. Online MBT 

testcase generation and execution are in motion also it covers 

popularizing non-deterministic systems test and executes 

virtual infinite test suites run. 

The main objective of this paper is to describe how best MBT 

is used with (integration of an online, event driven model-

based testing tool, the GraphWalker tool set which owns rule 

set with conjunction of GraphML) a behavior-driven test 

automation framework and Robot Framework [1]. Both 

frameworks are available as open-source can improve the 

Agile development. The integration enables the use of the 

wide library support of Robot Framework to broaden the 

testing scope of GraphWalker on Agile front. Robot 

Framework has several libraries for different domains, which 

helps the integration enablement for model-base testing. 

II. PROBLEM DEFINITION  

Using MBT techniques to test system with extended finite 

states and integrate automation for the people who don’t have 

programming skills and can generate model with simplicity. 

The aim of the work is to integration between the graphwalker 

[2] and Robot Framework and show how Selenium 2.0 

(Webdriver), which is a web automation library, is used along 

with Robot Framework to enable the online testing approach. 

Provide opportunity to a non developer person to 

build/execute test automation scripts. 

III. OVERVIEW OF GRAPGHWALKER  

GraphWalker is a tool for generating offline and online test 

sequences from Finite State Machines and Extended Finite 

State Machines. Lightweight MBT - No UML, no exit/stop 

points, Online, Event-driven. GraphWalker is an Open Source 

MBT engine created by Kristian Karl. In order for MBT to 

understand the model; there are some simple rules to follow. 

File format should be designed using GraphML. GraphML is 

a comprehensive and easy-to-use file format for graphs. It 

consists of a language core to describe the structural 

properties of a graph and a flexible extension mechanism to 
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add application-specific data. The model is saved as a graphml 

file and the model has to be a directed graph, or digraph. yEd 

is used to generate a model and is saved as graphml extension. 

Every graph must have one (and only one) vertex with the 

label 'Start'. This shows MBT [4, 5] the starting point in the 

graph. Every vertex in a graph must have a name. Edges 

usually have names, but are not required to have them. The 

name shall follow whatever naming convention is required of 

the test execution engine. Label's represents the name of the 

vertex or edge. Keywords are written within the label of a 

vertex or an edge. They must exist on their own line in the 

label, but not the first line. yEd is another open source tool 

used to design the model.  

The model in the graphwalker is built using a finite-state 

machine [FSM].A FSM (Finite-State Machine) is a model 

with vertices (nodes) and edges (arrows) which connects the 

vertices with each other. A FSM model has no data domain, 

and no conditional paths to walk. There are certain set of 

standards which graphwalker uses: 

 A model consists of vertices and edges. 

 A vertex represents a state in the system under test. 

 A vertex must have a defined label. 

 You can have multiple vertices with the same name. 

 An edge represents the transition between 2 states. 

 An edge can have a have a label, but it is not mandatory. 

 A model must have one and only one vertex with the 

label Start. 

 The Start vertex must have one and only one out-edge 

which has a mandatory label. 

 The Start vertex must have no in-edges. 

During the modeling of the system graphwalker doesn’t gives 

an option to stop or have any exit points. It has to be taken 

care by special stop criteria options. An edge is a transition 

which can be a click on a button, a timeout, a server API call 

etc. An edge can have a label, but it is not mandatory. The 

label of an edge will map against a method, function or sub 

routine during test execution. As a rule of thumb, the best 

practice is to start the name with 'e_'. The reason is that it is 

easier to recognize the function in the test execution tool, as 

an edge. For an example: e_StopApplication. The same name 

can be reused in the model. A vertex is some kind of state that 

is possible to verify using some kind of oracle. A vertex must 

always have a label. The label of a vertex is mapped against a 

method, function or sub routine during test execution. As a 

rule of thumb, the best practice is to start the name with 'v_'. 

The reason is that it is easier to recognize the function in the 

test execution tool, as a vertex. For an example: 

v_ApplicationStart. Reusability is prevailed.  Label  

[cond.expr.] / Statement1;Statement2;Conditional 

expression that returns a Boolean value. The guard indicates if 

the edge is accessible in the current state of the machine. The 

language is either Java or JavaScript.  

Example: e_Evaluate [a>0 && b<5]. 

Figure 1: Test Generation 

 

Graphwalker walks through the model as 

RANDOM, A_STAR, SHORTEST_NON_OPTIMIZED 

The more the complex the model, the model can be separated 

into smaller models/graphs. These graphs can then be merged 

using a mother graph and other sub graphs. The advantage 

with mother-graph and sub-graphs is that it allows complex 

graphs with repeating patterns of vertices and edges, to be 

broken down into smaller and re-usable parts. Sometimes it 

can be useful, to mark vertices or edges as BLOCKED due to 

bugs in the system. 

As shown in Figure 1: the Test Generation transforms the test 

configurations into keywords and controls the test execution 

logic using the online approach. During the test execution, the 

executed keywords are selected on the basis of the test 

configuration model, the test generation algorithm and the 

results of previously executed keywords. 

 

Figure 2: Sample Test Suite. 

 



 
Figure 3: High Level - Robot architecture 

IV. OVERVIEW OF ROBOT FRAMEWORK    

Robot Framework [1] is a generic test automation framework 

for acceptance testing and acceptance test-driven development 

(ATDD). It has easy-to-use tabular test data syntax and 

utilizes the keyword-driven testing and behavior driven 

approach. Its testing capabilities can be extended by test 

libraries implemented either with Python or Java, and users 

can create new keywords from existing ones using the same 

syntax that is used for creating test cases. The test suite files 

for Robot Framework can be in HTML, plain text, TSV (tab 

separated values) or RST (reStructuredText) format. 

In addition to the core functionality and the Test Libraries the 

Robot Framework provides a graphical user interface called 

RIDE (Robot Integrated Development Environment) that can 

help a lot in writing and managing test cases and as the Given-

When-Then conditions written in Resource Files. Test cases 

are bundled in so called Testsuites, and it’s possible to add 

new (higher-level) keywords into those Testsuites. Best 

practice is to have them defined in some external file and that 

file is then called a Resource File. 

The Robot Framework itself and its Core Libraries are written 

in Python. It also supports Jython where it is possible to run 

Python code in a Java Virtual Machine. This enables us to use 

Java for writing own Test Libraries or basically any 

programming language that is compiling to Java Byte Code. 

Using IronPython provides similar integration into the .NET 

world too. Sample test suite is shown in Figure 2. 

Robot framework can be integrated with other frameworks 

and tools using Remote libraries. Remote Libraries enable us 

to write Test Libraries in basically any programming language 

supporting the XML-RPC protocol and running them on 

different machines. High Level architecture is shown in 

Figure 3.  

V. BEHAVIOUR DRIVEN AUTOMATION FRAMEWORK 

Testing Web GUI with Webdriver is shows in Figure 4. Which 

shows integration is in implementation in progress stage with 

the current document acting as a design level. Webdriver or 

Selenium 2.0 library is based on the popular web application 

testing tool Selenium [7] and defines a keyword interface 

library for Robot Framework. Using the Webdriver (Selenium 

2.0) in MBT to test web applications gives the flexibility to 

avoid running selenium server. When the application needs to 

be tested on a distributed environment selenium grid can be 

used integrated along with webdriver. Currently, if necessary, 

new custom keywords are defined for testing functions which 

selenium doesn't support. For all the models, the existing set of 

keywords is currently sufficient. The HTML elements that can 

be accessed using Selenium Library keywords are defined 

using the key attributes of elements such as id, name, href or 

text content. In addition, XPath or DOM can be used to specify 

any arbitrary element. 

Sample model of Amazon.com is used for the paper. The 

model contains functionality for searching shopping items 

defined in test data, adding item to the shopping cart, removing 

items from the cart and verifying that the cart is updated 

correctly. Model created using yEd is saved as a graphml file. 

Sample model designed using yEd is shown in Figure 5. Once 

the model is designed, the particular graphml file is input to 

graphwalker for generating the required keywords 

java -jar graphwalker-2.5.17-SNAPSHOT-standalone.jar 

methods -f ..\..\..\ShoppingCart.graphml 

Keyword Output 

 e_AddBookToCart 

 e_ClickBook 

 e_EnterBaseURL 

 e_SearchBook 

 e_ShoppingCart 

 e_StartBrowser 

 

 v_BaseURL 

 v_BookInformation 

 v_BrowserStarted 

 v_OtherBoughtBooks 

 v_SearchResult 

 v_ShoppingCart 

Generate the respective test script with the output keywords in 

RIDE and save them as txt, html or tsv file format. Once the 

test scripts/keywords are completed configure the graphwalker 

for execution as:  

 

BDD Output 

 

Scenario: Book Information is as per expectation 

 

Given that a customer adds book to cart 

And I have the book information  

When he returns should see search  

Then expected search Result should come 
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<?xml version="1.0" encoding="UTF-8"?> 

<!DOCTYPE MBTINIT SYSTEM "sample_setup.dtd" > 

<SAMPLE EXECUTOR="java:ff.smaple.test" 

EXTENDED="true"> 

  <MODEL PATH="models/sampletest.graphml"/> 

  <CLASS PATH="sample\bin"/> 

  <CLASS PATH="selenium-java-client-driver.jar"/> 

  <CLASS PATH="selenium-server.jar"/> // version 1.0 

for 2.0 this is not needed 

  <GENERATOR TYPE="RANDOM"> 

   <CONDITION TYPE="TEST_LENGTH" 

VALUE="1000"/> 

  </GENERATOR> 

</SAMPLE> 

Final step ask graphwalker to start executing using the 

command 

java -jar graphwalker-2.5.1-SNAPSHOT-standalone.jar gui 

xml -f Sample/sample.xml 

 

 
 

Figure 4: Testing AUT using BDD technique 

 

 

 
 

Figure 5: Graphml using yEd 

Figure 4: explains the current architecture under usage with 

RF and BDD. Model designer used yEd to design the model 

as mentioned in below image. Automation Engineer will be 

building the required keywords as per the model.  Product 

Owner / Business Analyst will be writing BDD based Given 

When Then conditional Uses cases and plugged in, so that it 

gets executed when the model is triggered. This above model 

is designed from the yEd graphml tool, which is input for 

Graphwalker as mentioned in Figure 4. 

VI. CONCLUSIONS AND FURTHER WORK 

In this paper, we have explored effective use of Model Based 

Testing Model approach for required new skills, technology 

and knowledge, such as test modeling skills, good programs 

and tool support. Also we have explored a design of a 

keyword and Behaviour driven test automation framework 

using MBT and how it can be effectively used during Agile 

Development. The designed automation framework is 

experimented upon the integration of the Graphwalker, a 

Model Based Graphical User Interface test generator with 

keyword and behavior driven framework and Robot 

Framework.  

MBT for Agile Development (AD) improves flexibility, 

maintenance and coverage. AD for MBT avoids rigid models 

and a Big Design Up-Front. By unifying the specifications and 

strongly integrating MBT and AD, we get the highest profits: 

reduced cost and redundancy; effective Continuous 

Integration and sensible definition of done that checks if the 

model is conform to the code both MBT and AD can unfold 

their full potential. Robot framework works as an engine for 

automation execution with the benefits of Behaviour driven 

development on AD. Integrating MBT-AD-RF gives new 

means and more edge for testing life cycle and new 

technologies and techniques can be adapted. In future the 

current implementation can be adapted to run along with 

System Continuous Integration. Further research can be done 

on study how best graphwalker can scale the automation 

execution support provided by Selenium Grid. 
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