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Abstract: This study's testing of The SDLC's software phase is crucial. This stage does more than only evaluate the software's quality.
Model-driven testing and code-driven testing are the two categories that make up this testing procedure. Code-driven testing is based on
testing the entire program, line by line. A control flow and data flow that is sequential drives code-driven testing. The model-driven testing
method focuses on the executable module rather than each line of code since it supports third-party modules, APIs, and components. One
need not be an expert in every field because the tester will focus on how well each component works individually. The combination of an
extended finite state machine with a sequence diagram is covered in this essay. One of the most important areas that must be effectively
handled to provide effective testing of the given project is model-driven testing. The system that has been implemented combines UML
with FSM to cover every situation and all potential outcomes. This situation inspires us to establish a framework for generating test cases
automatically, covering every potential pathway (leveraging UML activity diagrams to account for all pathways) and situations (utilizing
Finite State Machine to describe various scenarios). The Finite Machine also operates based on triggers, where scenarios are established,
and if these criteria are met, the subsequent action is carried out. Model-driven testing is created by considering all scenarios, pathways,

and situations.
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1. Introduction
Software testing is an important phase in the software
development life cycle since it allows the product's
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quality to be verified. This stage enables evaluation of
the program'’s suitability for the user's demands. Several
testing methods can be used to achieve this, with test
case development being the most successful. All
components or features will be examined in these test
scenarios. All performance-related parameters for these
components or capabilities are anticipated to meet the
benchmark. The chosen software development life
cycle, such as the waterfall model, spiral model, and
others, has an impact on the testing approaches used. The
particular stage emphasized, hereafter referred to as a
phase, dictates the chosen testing approach. Testing
stands out as the single most critical phase in the
software creation process. The field of software testing
is continually advancing. Recent frameworks like
TestNG prove highly effective for data-driven testing,
particularly when dealing with substantial volumes of
data. Among the most popular technologies available
today is the Selenium suite, comprising Selenium Web
Driver, Selenium Grid, and Selenium RC tools for
remote control and distributed computing. QTP, a
Windows-based testing tool, is employed to validate
software running on the Windows operating system.
Industry standards necessitate an agile and adaptable
approach. All of this promotes a methodology where
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each component can be assessed for compliance with
specifications. The fields of electronics, mechanical
engineering, civil engineering, and bioinformatics have
all witnessed substantial automation growth. This
underscores the importance of software quality checks
across these domains. At the heart of the software testing
process lie unit and functionality tests encompassing all
scenarios. The rigour and approach employed in testing
both impact the software's quality. This form of quality
assessment can be conducted in conjunction with UML
diagrams, which allow for the examination of diverse
software functionalities and dimensions.

2. Literature Survey

The selection of research papers focusing on Model
Driven Testing involved an examination of various
scholarly works. Several important methodologies
were considered to define the problem statement and
provide guidelines for addressing existing issues.

A method known as ESG4WS, developed by Andre
Takeshi Endo et al. [1], combines Model-Driven
Testing with structural testing for web services. To
guarantee that the programme fulfils the quality
requirements listed in the software requirement papers,
structural testing is used [10] [11] [12] [14]. With this
method, testing can end when good findings are
obtained. To gain a comprehensive understanding of
the software's behaviour, particularly when the
application's coverage and scope become evident, an
Event Sequence Graph of the application under test is
constructed. The authors emphasized both data flow
and control flow analysis. Control flow [13] is
employed to assess the coverage of all nodes and edges,
while data flow [7] addresses data usage and potential
usage. There is room for improvement in the system's
ability to detect faults.

Using a Finite State Machine (FSM) is an alternate
approach for determining conditions [2]. In this
approach, each step includes condition checks, and the
upcoming route to be walked is decided based on these
evaluations. Rules are formulated to enhance the
utility's performance, and these rules are enforced
during traversal to ensure that the system examines all
potential conditions in the form of Boolean values

Data Structure:

[6]1[9]- However, a limitation of this approach lies in its
reliance on Boolean values, which provide only two
condition options. This limitation may be problematic
when dealing with data scenarios that involve more
than two conditions.

The Finite State Machine (FSM) functions by taking
into account multiple conditions at each node and
determining the subsequent course of action based on
desired parameter outcomes.

The FSM process can be divided into three segments:

e E-block: Evaluates triggers for all states.

e FSM-block: Calculates the next state following
the current state and a signal that governs the A-
block.

e A-block: To execute the necessary data
operations and manage data movement.[5]

There is potential for enhancement since the system is
focused on web services and exclusively supports
utilities developed in Java[3].

Metamodel Transformation [4] has introduced five
transformations that are detailed about five distinct
metamodels. Metamodels provide insights into
functionality, with the initial two metamodels outlining
functional requirements, the third specifying test
scenarios for evaluation, the fourth dealing with
associated values, and the fifth metamodel
amalgamating all inputs into organized test case formats

[71(8].

After a thorough examination of these methodologies,
addressing the challenge of creating a system capable of
comprehensively covering all paths and rigorously
evaluating all conditions at each node may be a
formidable task.

3. Mathematical Modelling

Input: Finite State Machine (FSM), XML
representation of an activity diagram

Process: FSM@ ACTIVITY

Output: Generate test cases encompassing all
pathways, prioritize them, and eliminate any
redundancies.

Table No. 1

Number

Serial Variable

Meaning

Functionalities

States

Conditions

Edges

QW N -
ZImo|lwm

Nodes
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6. | T test cases
7. |S serial number
8. | Se Sender
9. | Re Receiver
SN-0
For (i=0; i<=#F;i++)
{
For (j=0; j<=#C;j++)
{
For (k=0; k<=#E;k<=#N;k++)
{
T — (SN, condition, Cs, Se, Re) SN++; T++;
Display T;
}
}
}
4 . System Architecture diagram. Technically, the ADT can then produce the
4.1 Modules ADG. For all necessary and practical test techniques,
1.Input Activity Diagram: ADG is accessed through DFS. To have the best test
Activity diagrams are accepted as input for the cases, the whole major points are added to every checked
proposed task. Every activity diagram is theoretically path using the ADT. Each activity diagram needs to be
capable of producing its own ADT, which entails having run through each of the four modules to create the best
all the necessary information to modify the model and possible collection of really affordable test cases.

examine the capabilities and functions of every activity

XMLCudeH ADT F
Diagram

Object name

[State]

OFSM Graph OFSH Graph
Generator
Test Case
Test Path

Fig 1: System Architecture of MDT using ADT &FSM

Test Case
Senario

Test Code
Path

2. Activity Dependency Table Generation the activities of tasks. This scheme delineates the tasks
Every activity diagram is essentially employed for the earmarked for transfer to various entities that can aid in
creation of an ADT (Activity Dependency Table), system, integration, and regression  testing.
iterations, synchronization, and procedures that depict Furthermore, it encompasses the input data alongside
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the expected output values for each system operation.
Activity Dependency Table makes every interaction
between activities very evident. Every activity has a
unique symbol that makes it simple to refer to it within
relevant dependencies and to use it within various
concerned system components. Permanent activity is
dispersed completely inside one picture, reducing the
searches of the produced ADG (which will be
explained more in this section)., Permanent activities
are divided solely within one image as opposed to
having numerous symbols for a single activity.

3. DFSM Graph Generator
This module elaborates on the specifics of the
controlling criteria that are used to regulate the
generation of test cases. The DFSM generator addresses
the situation where only a singular output is generated.

4. Test Suit Generation

* Round Trip - The path's total round journeys are

covered and reported.

* Sequence - The total number of input sequences

that this sequence covers.

All acts in the path must be visited a minimum of

once.

» Event - Every event in the test cases' path must be

visited.

« State - Every state needs to be considered at least

once throughout the life cycle.

« Transition - It refers to all of the transitions that are

included in the coverage.

. Implementation and Result

The experiment was conducted using the PIN change
functionality of an ATM as an example. The
investigation utilized a distinct methodology, where the
route was independently computed using the FSM and
Activity diagram (Figure 3: Individual Approach). In
the unified approach (Figure 5: Combined Approach),
the results from both approaches were merged, and
duplications were removed before test case generation.

Subsequently, the generated test cases underwent a
thorough check to identify and remove any duplicates.
The ultimate result of employing the combined
approach in Model-Based Testing (MBT) was the
production of a larger set of test cases, as evidenced by
the total count of 83 test cases. Simultaneously,
unnecessary, redundant test cases were filtered out.

The registration system was selected and presented in a
manner designed to facilitate reader comprehension.
It's a straightforward system where users input their
login credentials. Upon verification, if the user is
registered, they can successfully log in and proceed
with the authentication process. Access is granted only
when the specified criteria are met on both the client
and server sides.

User Login System:

Table No. 2 Test Cases

Activity Diagram Test Cases
Inputs
Insert Card e Wrongly Insert
Validation Card
e Card Not Valid
e Valid Card
Language Selection e Language Selected
Process e Cancel
ATM Pin e Valid PIN
Validation e Invalid PIN
e Cancel
Selection Menu e Withdraw
e Transfer
e Balance Enquiry
Balance Detail e Balance Enquiry
e  Print Mini
Statement
e Cancel
Transfer Possible
Cancel
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Withdraw

Collect Cash

Not Sufficient

Amount in ATM.
e Not Sufficient

Amount in

Account.

Exceed Limit.

Transaction Slip

Possible
Cancel

Control Flow Standards:
e Every node within the registration process must
be accessible at least once.
e Itisrequired that every edge within the
registration system is traversed at least once.
Data Flow Standards:
e Each utilization of data should be attainable.
e Every potential data usage should be reached.

Based on the decision tree charted, a successful test case is

determined by the adherence to predefined parameters. For
instance, to utilize the login system, a successful login
attempt must satisfy Rules 1, 2, 3, and 4, with Rule 3 being
optional. The validity of the results is confirmed through the
application of positive and negative values.

In the context of the registration system's login model,
achieving a user's visitation of 70% of all nodes is deemed
acceptable.

Table No.3 Verification of the results login module of the registration system

All Nodes | All Edges | All Uses | All pot
uses
Positive 70 80 78 90
Negative 30 20 22 10
MBT FOR ATM PIN CHANGE
s pin ATM PIN
sgfhsngedsing ’h" =using
7 R ]
60
50
40
30
20
1
o
Fig 2: MDT for ATM PIN change
~
- y Registel 0

Authenticated yes

Fig 3: User Login
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Log In Module

90 4__________—-—‘
80

70

60

50

40

30

20 ——._-_—'—-—_
10

o]

All Edges All use All POT use

= Positive 70

= Negative 30

Fig 4: Verification of results login module of registration system

Combination of the Extended Finite State Machine
(EFSM) and UML Sequence Diagram:

 Trigger conditions and the essential information are
included in the Extended Finite Machine diagram.
Three parts may be identified in the EFSM process:

« E-block: To evaluate all condition triggers.

» FSM-block: Determine the subsequent state using the
current state and an A-block control signal.

» A-block: To carry out the necessary data moves and
activities.

In addition to the state diagram, a sequence diagram is
appended because when the focus is on functionality,
dependencies need to be checked. This aspect is crucial
because coding is not explored in Model-Based Testing

(MBT), and a dependency check is required to ensure
the proper invocation of the embedded entity. Table No.
3 provides information on path coverage for the
Extended Finite State Machine and Sequential Test
Model. For each step, it includes the associated message,
the number of states, and transitions.

The total for path coverage, state coverage, and
transition coverage reflect the cumulative result of
covered paths. As an illustration, the overall number of
tests executed for the state is equivalent to 24 by
multiplying 2, 1, 2, 3, 2 and 1. All these parameters offer
insights into the total number of tests within their
respective domains.

Table No.4 Path coverage EFSM_SeTM

Service Name Message #State | #Transition
Authentication | Verify () 2
Validation Validate () 1 3
Registration Signup () 2 2
All Path P1*p2*...*Pn 3 1
All State S1*S2*...*Sn 2 1
All Transitions | T1*T2*...*Tn 1 2
Chart Title
100%
BO%
60%
40%
I
0%
Authenti... All State Al
All Path Registrati... Validation

Fig 5: Path coverage by EFSM_SeTM

the system's compatibility, which is currently limited to

Opportunities for enhancement in EFSM_SeTM lie in ) - >
web services specifically crafted using Java.
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5. Conclusion

The system is capable of producing a suitable result, as
evidenced by the fact that the elimination of redundancy
drastically decreased the number of steps required to
verify all requirements and cover all paths from 83 to 63.
To verify every last detail of the system's functioning,
the number of test cases must be increased. Redundancy
in the test cases must also be eliminated to avoid testing
superfluous functionality. Since each of these systems
depends heavily on functionality, the system may suffer
if the functionality input is improperly collected. It is
crucial to use a model-driven testing methodology that
includes complete testing coverage, consideration of
events, and inter-module communication. It is also
required to correctly design a template or system to run
test cases. Then, utilising metrics, these test cases should
be thoroughly examined.

Future Scope:

Automation and Tool Development: As technology
continues to evolve, there's potential for more
sophisticated tools and frameworks to be developed that
automate the process of generating functional test cases
from FSMs and UML Activity Diagrams. These tools
could utilize advanced Al techniques to identify test
scenarios, boundary conditions, and edge cases, making
the testing process more efficient and thorough.
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