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Abstract

In agile software development, the manual process of linking user stories to test coverage is slow
and error-prone. This process creates significant bottlenecks, delays release cycles, and increases
the risk of software defects. To address this problem, we developed a tool that automatically gener-
ates Pytest tests from user stories written in natural language. The tool leverages natural language
processing (NLP) to translate non-technical requirements into executable code. First, the tool ana-
lyzes a user story to generate proposed acceptance criteria. A user then reviews and confirms these
criteria. Upon confirmation, the tool generates executable Python test functions to validate the ex-
pected behavior. This automated framework reduces manual effort, enhances test consistency, and
enables faster, more reliable software development cycles. Our approach is particularly beneficial
for agile teams that have limited dedicated testing experience, as it empowers them to maintain high

standards of quality assurance.
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Résumé

Dans le développement logiciel agile, relier les besoins des utilisateurs a une couverture de test
adéquate est souvent long et sujet a des erreurs. Ce projet propose un outil intelligent qui génére
automatiquement des tests Pytest a partir d’histoires utilisateur rédigées en langage naturel. Le
systéme commence par générer des critéres d’acceptation clairs a partir de I’histoire, que I'utilisateur
peut modifier ou valider. Une fois ces criteres confirmés, 1’outil produit des fonctions de test en
Python correspondant au comportement attendu. Grace au traitement du langage naturel (NLP), cet
outil facilite la transition entre les exigences fonctionnelles et les tests techniques. Il réduit 1’effort
manuel, améliore la qualité des tests et accélére le processus de développement, méme pour les
€quipes ayant peu d’expérience en test logiciel.



v

uaidla
e s Al Ulle Allad sl dpdary axdional) cildlaia Jay ) dlee () 585 ¢Ad 5 Cilmgrial) aladinly Cilma yd) y 5kai b
Agmada Galy 4 SIS axiind) el (e WUl ol il o Ll LAl o g 483510y oai ) & 5 el 138 Caagy ¢ Uaa3U
alasiiad 2 Sl dey Aalall Cava Lebiaw 5 Linal e addiall (a5 cduadl) e Slndanzl 505 jnlee o Ll alaill oy,
e 31V ae L el bl dadlee il pladinly | oslhall @l slall (uSad ) il 4ady sl J1go i) juleall 028
@\)ﬂ}cd\)ﬁny‘cdpu;maﬂjcgjﬂ\ A@Aj\d:\hﬁée@_ue\;ﬁ LGty JSa A il ) A il calllaiall (Jy ga
LAY e (88293508 8 D (38 ae S Gl )y ghais g



Table of Contents

Acknowledgment . . . . . ... I
Abstract . . . . . L L II
Listof Figures . . . . . . . . . . . . . e VIII
Listof Tables . . . . . . . . . . . . IX
General Introduction . . . . . ... oL oL X

0.1 Background and Motivation . . . . . . ... ... ... o X
0.2 Contribution of This Thesis . . . . . . . .. . ... ... ... ... .... X
0.3 Contribution Objectives . . . . . . . . . . . . 1
04 MemoryOutline. . . . . . .. ... e 1
1 Basic Concepts and Problem Analysis 2
1.1 Introduction . . . . . . . . . . . . . e 2
1.2 BasicConcepts . . . . . . . ot i i i e 2
1.2.1 CodeReviewing . . . . . . . . . . .. 2

1.2.2 Automation Testing . . . . . . . . . . . . . ... ... 3

1.2.3  Test-Driven Development (TDD) . . . . .. ... ... ... ....... 3

1.2.4  User Stories in Software Engineering . . . . . . . ... ... ... .... 4

1.2.5 Acceptance Criteria. . . . . . . . . . . . . 4

1.2.6  Generative Al in Software Development . . . . . . ... ... ... .... 4

1.2.7 Prompt Engineering . . . . . . . . .. ... 5

1.3 Review of Similar Code Review Tools . . . . . .. ... ... ... .. ...... 5

1.3.1 GitHubCopilot . . . . . . . . ... 5



VI

1.3.2 SonarQube . . . .. .. . . ...
1.3.3 CodeClimate . . . . . ... .. . . . e
1.4 The Problem Statement . . . . . . . . . .. .. ... ... ...
1.4.1 Analysis of Problems in Conventional Code Review . . . . ... ... ..
1.4.2  The Need for an Intelligent, Context-Aware Solution . . . . . . ... ...
1.5 Conclusion . . . . . . . ..
Modeling and Design
2.1 Introduction . . . . . . . . L
2.2 System Modeling with Unified Modeling Language (UML) . . . . . . ... .. ..
2.3 Core Architectural Diagrams . . . . . . . . ... ... oL
2.3.1 Selected UML Diagrams . . . . . . . . . . . . . v v i it
2.3.2 Use Case Diagram: Actors and Interactions . . . . . .. ... ... ....
2.3.3 Sequence Diagram: Component Interaction . . . . . . .. ... ... ...
2.3.4  Activity Diagram: System Workflow . . . . . ... ... ... ... ...
24 Conclusion . . . . . . ..
Framework
3.1 Introduction . . . . . . . . L
3.2 Work Environment . . . . . ... ... L
32.1 Visual StudioCode . . . . . . . . . L
322 GeminiAlStudio . . . . . ... ...
3.3 Programming Languages . . . . . . . . . . .. ...
3.3.1 CSS (Cascading Style Sheets) . . . . . ... ... ... ... .......
3.3.2 HTML (HyperText Markup Language) . ... .. .............
333 JavaScript. . . . . . L.
334 Python . . ...
34 PromptEngineering . . . . . . . . . ...

A &N & D

O© O O O @

10
11
11
12



VIl

3.4.2 Pytest Test Generation Prompt Formulation . . . . . . ... ... ..... 21
3.5 SystemFiles. . . . . ... e 23
3.6 Application Interfaces . . . . . . . . . ... ... .. 24
3.6.1 User Story Interface . . . . . ... .. ... ... ... ... ... ..., 24
3.6.2 Generated Acceptance Criteria . . . . . . . . . . . ... ... ... .. 24
3.6.3 Generated Pytest Tests . . . . . . ... .. ... ... ... ...... 26
3.6.4 Pytest TestExecution . . . . . .. ... ... ... ... .......... 27
3.7 Conclusion . . . . . .. 28

General Conclusion . . . . . . . . . . 29



VIII

List of Figures

1.1
1.2
1.3

2.1
2.2
23

3.1
3.2
33
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14

GitHub Copilot Logo. . . . . . . . . . . . . e 5
SonarQube Logo. . . . . . . . .. 6
CodeClimate Logo. . . . . . . . . . . . e 6
Use Case Diagram Defining User and System Actions. . . . . . . ... ... ... 10
Sequence Diagram of System Component Interactions. . . . . ... .. ... ... 11
Activity Diagram of the Test Generation Workflow. . . . . . . ... ... ... .. 12
VsCode Logo. . . . . . . . e 14
Gemini Logo. . . . . . . . . . e 15
CSSLogo. . . . . . o e e 16
HTML Logo. . . . . . . . o s e e e e e 17
JavaScript Logo. . . . . . . . .. e 18
Python Logo. . . . . . . . . . . e 19
Acceptance Criteria Prompt. . . . . . . . ... ... L 21
Acceptance Criteria Prompt. . . . . . ... ... ... .. ... 22
System File Structure. . . . . . . . . . . ... 23
The User Story Input Interface. . . . . . . . .. ... ... ... ... ....... 24
The Generated Acceptance Criteria Interface (Initial View). . . . . . . . ... . .. 24
The Generated Acceptance Criteria Interface (Detailed View). . . . . .. ... .. 25
The Generated Pytest Tests Interface. . . . . .. ... ... ... ... ...... 26

The Pytest Test Execution Interface. . . . . . . ... ... ... ... ....... 27



IX

List of Tables

2.1 System Actors and Their Designated Roles . . . . . ... ... ... ... ....

3.1 Supported Use Cases Table



General Introduction

0.1 Background and Motivation

The rapid evolution and increasing complexity of software systems present significant challenges to
traditional quality assurance paradigms. Driven by agile and DevOps methodologies, development
cycles demand the continuous and rapid delivery of stable, secure software. Within this context,
conventional testing methods, particularly manual testing, have become critical bottlenecks [1, 2].
These legacy approaches are frequently time-consuming, prone to human error, and scale poorly.
Consequently, they are fundamentally incompatible with the pace of modern software engineering.

This inefficiency leads to severe consequences, including the late detection of bugs, delayed
product releases, and a subsequent increase in remediation costs [3, 4]. The failure to ensure con-
sistent performance and quality not only hinders development velocity but also undermines user
trust and system reliability. Consequently, sophisticated automated testing is now essential for

building and delivering modern software.

0.2 Contribution of This Thesis

This thesis presents a novel, Al-driven platform designed to address these critical limitations by au-
tomating and enhancing the software testing lifecycle. The platform provides an integrated solution
that directly targets the inefficiencies of traditional methods. Its core contributions are:

+ Instantaneous code analysis to identify potential defects, security vulnerabilities, and devi-

ations from best practices upon submission.

* Intelligent remediation suggestions that are targeted and context-aware to enhance code
quality, maintainability, and performance.

+ Automated generation of comprehensive test cases to ensure robust functional coverage.

* Detailed, real-time analytics on performance metrics and quality benchmarks, delivered
through an accessible web-based interface.
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0.3 Contribution Objectives

The central goal of this contribution is to create a system that makes software testing more intelli-
gent, efficient, and integrated. To achieve this, the work pursues the following specific objectives:

1. To conduct a systematic analysis of traditional and modern software testing methodologies
to identify their primary limitations and define the requirements for an Al-driven solution.

2. To design a comprehensive system architecture for the intelligent testing platform using the
Unified Modeling Language (UML). This design will specify the system’s core components,

data workflows, and integration points.

3. To develop a functional prototype of the proposed platform. This development will include
implementing the Al engine for code analysis and test generation and constructing the web-
based user interface.

4. To validate the platform’s effectiveness against traditional methods. This validation will in-

volve evaluating its performance in identifying defects and generating test cases.

0.4 Memory Outline

The remainder of this memory is organized as follows:

Chapter 2: Literature Review provides a detailed review of existing software testing techniques,
discusses the evolution of test automation, and surveys current applications of artificial in-
telligence in quality assurance. This chapter establishes the theoretical foundation for the

research.

Chapter 3: System Design and Architecture presents the detailed architectural framework for
the Al-driven platform. It describes the system’s components, the design of the Al models,
and the overall workflow, supported by UML diagrams.

Chapter 4: Implementation details the development process of the platform. This chapter covers
the technologies used, the implementation of the code analysis and test generation modules,

and the construction of the user interface.

Chapter 5: Evaluation and Results presents the experimental validation of the platform. It out-
lines the methodology used to assess the system’s performance and discusses the results,
comparing its effectiveness against baseline testing methods.

Chapter 6: Conclusion and Future Work summarizes the key findings and contributions of the
thesis, reflects on the achievement of the research objectives, and proposes potential direc-

tions for future research.
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Chapter 1

Basic Concepts and Problem Analysis

1.1 Introduction

This chapter dives into the fundamental Basic Concepts and the crucial phase of Problem Analysis,
setting the stage for everything that follows. Here, we’ll establish a solid understanding of the core
ideas and accurately break down the problem we aim to solve, In this chapter we cover the following

components:

* Basic Concepts
* Review of Similar Code Review

* The Problem State

1.2 Basic Concepts

1.2.1 Code Reviewing

Code review is a standard practice in software engineering, defined as the critical examination of
source code before its integration into a main branch [7]. This examination identifies bugs, logical
errors, and potential edge cases. It also provides a second opinion on the proposed solution. The
practice helps development teams identify security flaws, adhere to established quality standards,
and share knowledge across the organization. Reviewers are typically domain experts from relevant
teams; if a change spans multiple domains, an expert from each is expected to participate in the

review.

Importance of Code Reviews

A robust code review process is widely recognized for fostering continuous improvement and pre-
venting unstable code from reaching customers. This process should be integrated directly into

a team’s development workflow, requiring a teammate to examine all code prior to deployment.
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Furthermore, code review functions as a mechanism for disseminating knowledge across an or-
ganization. For instance, a 2022 industry survey reported that 76% of developers consider code

reviews “very valuable” [1].

Benefits of Code Reviews

The literature and industry best practices identify several key benefits of systematic code review:

* Knowledge Sharing: Reviewing code exposes developers to new techniques and solutions.
Junior developers, in particular, learn from seniors in a manner similar to pair programming.
This dissemination of knowledge prevents individuals from becoming single points of failure,

ensuring operational continuity when a team member is on leave.

* Early Bug Detection: Code reviews facilitate the discovery and correction of bugs before
a software release. Early detection allows developers to fix issues while the implementation
context is still fresh; conversely, delaying fixes increases the cognitive load required to recall
the code’s logic. This early detection is also highly cost-effective.

* Compliance and Standardization: Given that developer backgrounds influence coding
styles, code reviews are essential for enforcing shared standards. This enforcement is particu-
larly critical for open-source projects with numerous contributors, where maintainers review

all changes before merging them.

* Improved Code Quality: By enforcing coding rules and styles, code reviews promote con-
sistency and simplify the long-term management of code. This collaborative process im-
proves overall code quality as developers learn from one another, leading to more robust and

maintainable systems over time.

1.2.2 Automation Testing

Automated testing is a software verification approach that uses specialized tools to execute test cases
automatically. It is particularly well-suited for large-scale projects or for regression testing where
tests are highly repetitive. While it complements, rather than replaces, manual testing, automation
allows human testers to focus on higher-value exploratory tasks. Although automated testing intro-
duces the overhead of test script maintenance, its adoption generally increases application quality,
test coverage, and scalability [2].

1.2.3 Test-Driven Development (TDD)

Test-Driven Development (TDD) is a software development methodology in which developers write
automated unit tests before writing the corresponding production code [5]. These tests effectively

define the requirements for a new feature. The developer then writes the minimum amount of code
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necessary to pass the tests. TDD is structured as an iterative cycle of test creation, implementation,

and refactoring, commonly known as the Red-Green-Refactor cycle.

* Red Phase: A developer writes a test for a desired feature or behavior, which is expected to

fail initially because the feature does not yet exist.

* Green Phase: The developer writes the minimal functional code required to make the failing

test pass.

* Refactor Phase: The code is then refactored to improve its design, readability, and perfor-

mance, ensuring that the test continues to pass.

1.2.4 User Stories in Software Engineering

In Agile software development, user stories are a primary tool for requirement specification [6].

* Definition: A user story is a brief, non-technical description of a software feature articulated
from the perspective of an end user. It captures what the user wants to achieve and why,

helping development teams to understand user needs and prioritize work.

* Typical Format: The conventional format for a user story is: As a [type of user], I want

[some goal], so that [reason/benefit].

* Example: As a developer, I want to receive instant feedback on my code after pushing

changes, so that I can fix issues early and improve code quality.

1.2.5 Acceptance Criteria

* Definition: Acceptance criteria are the predefined conditions that a software feature must
meet to be considered complete. They define the definition of done” for a user story and
ensure the feature behaves as expected by stakeholders.

* Example (Gherkin Format):

Given I am on the login page When I enter valid credentials And I click the login
button Then I should be redirected to the dashboard

1.2.6 Generative Al in Software Development
Generative Al

Generative Artificial Intelligence (Al) is a class of Al models capable of creating new, synthetic
content based on patterns learned from existing data [4]. Unlike analytical Al, which focuses on
classification or prediction, generative Al produces novel outputs—such as text, images, or code—

in response to a given input or prompt.
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Key Capabilities of Generative Al

The capabilities of modern generative models include:

* Text Generation: Writing articles, emails, summaries, and other forms of creative or tech-

nical text.
* Image Creation: Producing original art, illustrations, logos, and photorealistic designs.
* Video Generation: Creating synthetic video clips or animations from textual descriptions.
* Audio/Speech Synthesis: Generating human-like voice, music, or sound effects.
* Code Generation: Assisting in software development by generating, completing, or debug-

ging source code.

1.2.7 Prompt Engineering

Prompt engineering is the discipline of designing and optimizing inputs (prompts) to elicit desired,
accurate, and relevant outputs from a generative Al model. This process involves carefully struc-
turing questions, instructions, and contextual information provided to the model.

1.3 Review of Similar Code Review Tools

To contextualize the problem space, this section reviews three prominent tools that represent the

current state of automated and Al-assisted code review.

1.3.1 GitHub Copilot

GitHub Copilot, powered by OpenAI’s Codex model, is an Al-powered tool that suggests code and
entire functions in real-time within the developer’s editor. It is designed to accelerate the coding
process and help enforce best practices by reducing repetitive tasks. While primarily a code com-
pletion tool, its capabilities can indirectly aid the code review process by influencing the initial

quality of the code being submitted.

Figure 1.1: GitHub Copilot Logo.
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1.3.2 SonarQube

SonarQube is an open-source platform for continuous inspection of code quality. It performs static
code analysis to detect bugs, code smells, and security vulnerabilities, providing dashboards and
reports with actionable insights for improvement. SonarQube often integrates into CI/CD pipelines

to enhance manual code reviews with automated quality gates.

sonarqube\\\

Figure 1.2: SonarQube Logo.

1.3.3 CodeClimate

CodeClimate is an automated code review platform focused on maintaining long-term code quality
and maintainability. It analyzes code for metrics such as cyclomatic complexity, readability, and

test coverage, providing detailed feedback and quality scores on each commit.

CODE CLIMATE

Figure 1.3: CodeClimate Logo.

1.4 The Problem Statement

1.4.1 Analysis of Problems in Conventional Code Review

A critical analysis of conventional code review methods, both manual and automated, reveals sev-

eral persistent challenges that limit their effectiveness [3].
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Inconsistent Feedback Quality

The quality of manual review feedback is highly dependent on the individual reviewer’s experience,
diligence, and available time. This variability leads to inconsistent outcomes, where some reviews

are thorough while others miss critical issues or focus on trivial stylistic matters.

Process Inefficiency and Delays

Manual code reviews are inherently time-consuming, particularly for large pull requests or when
key developers are unavailable. These delays create bottlenecks in the development lifecycle. Con-
sequently, teams sometimes rush reviews simply to unblock deployment pipelines, which results in
low-quality feedback.

Limited Contextual Awareness

Many automated review tools analyze code in isolation, lacking a broader understanding of the ap-
plication’s architecture, business logic, or domain-specific coding conventions. This lack of context
can lead to false positives or a failure to detect subtle but significant logical flaws.

Predominantly Surface-Level Analysis

Most automated tools excel at identifying issues related to syntax, formatting, and simple metrics
like code complexity or duplication. However, they often fail to identify deeper problems such as
performance bottlenecks, complex security vulnerabilities, or incorrect implementations of business

rules.

Feedback Overload and Alert Fatigue

Automated tools can generate a high volume of warnings, many of which may be low-priority or
purely stylistic. This noise makes it difficult for developers to distinguish critical issues from minor
ones, leading to alert fatigue and a diminished trust in the tooling.

Lack of Collaborative Features

Many review platforms treat code review as a static, asynchronous task rather than an interactive
discussion. They offer limited support for real-time feedback, collaborative problem-solving, or
structured knowledge sharing around the proposed changes.

Complexity in Setup and Integration

Configuring static analysis tools, managing rule sets and permissions, and integrating them effec-
tively into CI/CD workflows can be a complex and time-consuming process, especially in large
organizations with diverse technology stacks. This complexity can act as a barrier to consistent

adoption.
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1.4.2 The Need for an Intelligent, Context-Aware Solution

The identified shortcomings of current code review practices underscore a clear and pressing need
for more intelligent, context-aware solutions. The inconsistency, inefficiency, and surface-level
nature of existing methods create a significant gap between the goals of code review and its practical
outcomes.

Addressing these challenges requires a new class of tool that moves beyond simple static anal-
ysis. Such a solution must be capable of understanding the business context of code, detecting
complex logical errors, and providing prioritized, actionable feedback. Furthermore, it should en-
hance, not hinder, team collaboration by facilitating focused discussion.

Therefore, this research proposes and evaluates a novel Al-powered framework designed to
bridge this gap. By leveraging generative Al guided by carefully engineered prompts, the proposed
system aims to automate the generation of context-aware feedback, identify deeper quality issues,
and streamline the review process more effectively than current methods allow. This work directly
addresses the problems of inconsistent, surface-level analysis and provides a foundation for more
collaborative and intelligent software quality assurance.

1.5 Conclusion

We’ve now covered the Basic Concepts and the important step of Problem Analysis. This chapter
has given us a solid understanding of key practices like Code Reviews, Automated Testing, and
Test-Driven Development (TDD). We also learned how User Stories and Acceptance Criteria help
define what we need to build.
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Chapter 2

Modeling and Design

2.1 Introduction

After mastering the foundational concepts and dissecting the analysis in the previous chapter, this
chapter focuses on system design with UML, In this chapter we cover the following components:

+ System Modeling with Unified Modeling Language

* Core Architectural Diagrams

2.2 System Modeling with Unified Modeling Language (UML)

This thesis uses the Unified Modeling Language (UML) to model the system design. UML is a
standard graphical language for specifying, visualizing, and documenting software systems. The

application of UML in this project serves four key objectives:
* To structure the development process methodically.
* To ensure clear communication between analysis and implementation efforts.
* To decouple the system’s abstract analysis from its concrete implementation.

* To facilitate an object-oriented architecture for both static and dynamic system views.

2.3 Core Architectural Diagrams

2.3.1 Selected UML Diagrams

Specifically, this study employs three core UML diagrams to capture the system’s architecture and

behavior:

» Use Case Diagram: To define the system’s functional requirements and primary user-system
interactions.
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* Sequence Diagram: To detail the time-ordered interactions between system components.

* Activity Diagram: To illustrate the flow of control through the system’s primary workflow.

2.3.2 Use Case Diagram: Actors and Interactions

The system’s architecture involves two primary actors: the User and the Al System. Table 2.1
outlines their distinct roles and responsibilities within the system.

Table 2.1: System Actors and Their Designated Roles
Actor Roles
Enter User Story
User Edit Scenarios
Confirm Scenarios
Generate Acceptance Criteria
Al System Generate Pytest Tests

The overall user-system workflow is visualized in the Use Case diagram (Figure 2.1). The pro-
cess initiates when the user inputs a user story, which prompts the Al system to generate acceptance
criteria. The user retains control to edit and confirm these criteria before the system proceeds to
generate the final Pytest tests.

Reviewing System

Developer

Figure 2.1: Use Case Diagram Defining User and System Actions.
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2.3.3 Sequence Diagram: Component Interaction

The sequence diagram in Figure 2.2 illustrates the chronological interactions among the system’s
key components: the Web Page (front-end), the Code (back-end), and the AI System.

The sequence begins when a user submits a story on the Web Page. The back-end Code then
validates the story. If the story is invalid, the Web Page prompts the user for correction. If it is
valid, the Code invokes the AI System to generate acceptance criteria.

Once the user confirms these criteria, the Code directs the AI System to produce the Pytest
tests. These tests are then rendered on the Web Page.

/R
E J Front End Back End Al System
/N

i
\
\
\
‘

-

Enter User Story

User Story Check

1
\
\
\
\
\
\
\
\

\J

Send User Story

<+ — Please Enter Valid one— — —

Generate Criterias

Processing The Criterias

Displaying The Criterias

\J

Edit And Confirm

Send New Criteria

Send New Criteria

Generate Tests

A

Processing The Tests
Displaying The Tests i I

Figure 2.2: Sequence Diagram of System Component Interactions.

2.3.4 Activity Diagram: System Workflow

The activity diagram in Figure 2.3 details the complete workflow for automated test generation.
This diagram uses swimlanes to delineate the responsibilities of the User, the Web Page, and the
Al System.

The workflow commences when the User enters a user story. A decision node evaluates the
story’s validity. An invalid story prompts the User for modification. A valid story triggers the Al
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System to generate acceptance criteria. Subsequently, the AI System generates the corresponding
Pytest tests, which the Web Page displays to the User. The process concludes when the User copies

the generated tests or chooses to restart the workflow.

Pytest Tests Generator

User Front End Al

Enter User
Story 1
[Invalid Story] \>(Valid User Story] }

Generate
Acceptance
Criteria

Display
Criteria

.‘

Modify
Criteria And
Confirm

Proceccing
New Criteria

'4

v
Generate
Pytest Tests

Display
Tests

.‘w

Copy ,
Start Over

O

Figure 2.3: Activity Diagram of the Test Generation Workflow.

2.4 Conclusion

This chapter has successfully transformed our analytical understanding into a detailed blueprint for
the system. Through the various UML diagrams, we have clearly defined the system’s structure,

behavior, and interactions.
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Chapter 3

Framework

3.1 Introduction

This chapter details the system’s implementation, outlining the development environment, program-
ming languages, prompt engineering strategies, file structure, and application interfaces.

* Work Environment

* Programming Languages
* Prompt Engineering

+ System Files

» Application Interfaces

3.2 Work Environment

3.2.1 Visual Studio Code

Visual Studio Code was selected as the primary source code editor for this project. It is an open-
source editor from Microsoft, compatible with Windows, macOS, and Linux. Its native support for
multiple programming languages prevented the need for separate, domain-specific editors.

The editor supports:

* Microsoft C
* Web development languages:

— HyperText Markup Language (HTML)
— Cascading Style Sheets (CSS)

— JavaScript
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* Various other programming languages

Figure 3.1: Vs Code Logo.

3.2.2 Gemini AI Studio
Overview

Gemini Al Studio was the development environment for the system’s generative Al.
This Google cloud platform specializes in prompt engineering and model customization, pro-
viding tools for several key tasks:

* Interactive prompt design
» Multi-turn conversation management

* Output evaluation and refinement

Core Prompt Engineering Features

Gemini Al Studio provides several core prompt engineering features, including prompt optimiza-
tion, collaboration, and advanced capabilities.

1. Prompt Optimization Tools

* Template Gallery: Pre-built prompts for common use cases
» Autocomplete Suggestions: Real-time prompt improvement recommendations

+ Safety Filters: Built-in content moderation controls
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2. Collaboration Features

* Version history for prompt iterations

* Team sharing with permission controls

» Commenting system for feedback

3. Advanced Capabilities

* Multi-modal Prompts: Combine text, images, and code

* API Integration: Deploy prompts via REST endpoints

* Performance Analytics: Track prompt effectiveness metrics

Supported Use Cases

Application

Prompt Example

Content Generation | "Generate 3 blog headlines about [topic]”

Data Analysis

“Extract key trends from this dataset...”

Code Assistance

”Explain this Python function line-by-line”

Table 3.1: Supported Use Cases Table

Best Practice: Gemini performs best when prompts include:

1. Clear intent specification
2. Relevant context

3. Desired output format

4 Gemini

Figure 3.2: Gemini Logo.
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3.3 Programming Languages

3.3.1 CSS (Cascading Style Sheets)

Cascading Style Sheets (CSS) was used to style the application’s web pages. External stylesheets

ensured consistent styling across the application.

LS55

Figure 3.3: CSS Logo.
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3.3.2 HTML (HyperText Markup Language)

HyperText Markup Language (HTML) was used to structure the application’s web pages. It defines
content using semantic elements (e.g., headings, paragraphs) and forms the foundational layer of

the user interface.

HTML

Figure 3.4: HTML Logo.
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3.3.3 JavaScript

JavaScript was used to implement interactive web page functionality. As a client-side language,
it handles user events, dynamically updates content, and communicates with the server. These

capabilities were essential for creating a responsive user experience.

45

Figure 3.5: JavaScript Logo.
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3.3.4 Python

Python was the primary language for server-side logic and Al integration. It was chosen for its
readable syntax and extensive libraries, which facilitated backend processes, data management,
and interfacing with the Gemini Al

@ python’

Figure 3.6: Python Logo.

3.4 Prompt Engineering

3.4.1 Acceptance Criteria Prompt Formulation

To guide the Al model in generating standardized acceptance criteria, a specific prompt was de-
signed for this research. This prompt establishes strict requirements for the model’s output.

Core Task

The primary task for the Al is to generate acceptance criteria for a given user story, following
established Agile and Gherkin best practices.

Core Requirements for the AI Model

1. Format Requirements:

— Must use the Given-When-Then structure for all criteria.

— Each criterion must be atomic and independently testable.
2. Content Requirements:

— Cover functional requirements (i.e., normal system behavior).
— Include edge cases (e.g., invalid inputs, error conditions).

— Address non-functional requirements where applicable (e.g., performance, security).

3. Quality Standards:
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— Specific: Define exact inputs, messages, and system behaviors.
— Observable: Focus on user-visible outcomes.

— Unambiguous: Avoid vague terms like “properly” or “correctly.”

Output Specifications

* Return only the acceptance criteria scenarios.
* Exclude any explanatory text or repetition of the user story.

» Format each scenario as a separate, distinct block.

Final Prompt Text

The following text constitutes the final engineered prompt provided to the model:
”You are an experienced business analyst in an agile environment. Your task is to write
acceptance criteria for a user story. Follow these guidelines strictly:
Format: Use ’Given-When-Then’ (GWT) for every criterion.

Content: Include functional requirements, edge cases (e.g., invalid inputs, errors), and

applicable non-functional requirements (e.g., performance, security).

Specificity: Define exact inputs, messages, and system behaviors. Avoid vague terms.
Atomicity: Ensure each criterion is independently testable.

Perspective: Focus on user actions and observable outcomes.

Provide only the acceptance criteria scenarios. Do not include explanatory text or re-
peat the user story.”
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Google Al Studio e GetAPlkey  Studio

Acceptnace tests ] o €

Ignore the prior instructions, You are an experienced business analyst with 10 years in agile environment , you are tasked with adding acceptance
criteria to a set of user stories for a project ,focusing on system behavior and following the specified guidelines. Follow these guidelines:
1. Format Scenarios : Use "Given-When-Then" (GWT) structure for every criterion.
2. Include:

- Functional requirements.

- Edge cases (invalid inputs, errors, timeouts).

- Non-functional requirements (performance, security, UX) if applicable.

id vague terms; define exact inputs, messages, and system behaviors.
terion should be independently testable.

5. User Perspective: Focus on user actions and observable cutcomes.

Figure 3.7: Acceptance Criteria Prompt.

3.4.2 Pytest Test Generation Prompt Formulation

A second prompt was engineered to instruct the Al model to generate Python test cases using the
pytest framework.

Core Requirements for the AI Model

1. Test Structure:

— Follow the Arrange-Act-Assert pattern, clearly delineated with comments.
— Use pytest-style assertions (e.g., assert x ==y) and avoid the unittest library.

— Include clear, descriptive names for test functions.
2. Code Quality:

— Employ pytest fixtures and mocks where appropriate to manage test setup and depen-
dencies.

— Focus on testing the relevant business logic.

— Avoid unnecessary boilerplate code.
3. Coverage:

— Generate tests for edge cases and error conditions in addition to the primary success
path ("happy path”).

— Validate all specified behaviors from the input scenario.
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Output Specifications

* Return only complete, executable Python code.
* The output must be a single file ready to be run with pytest.
* Exclude any explanatory text outside of code comments.

» Format the code according to PEP-8 style guidelines.

Final Prompt Text

The following text constitutes the final engineered prompt provided to the model:
”Generate complete pytest test cases for the provided user story and scenario. Adhere
to the following requirements:

Structure: Use the Arrange-Act-Assert pattern with clear comments.

Quality: Use descriptive test function names, pytest-style assertions (not unittest), and

appropriate fixtures or mocks. Avoid boilerplate code.
Coverage: Test the primary success path, error conditions, and relevant edge cases.

Output: Provide only Python code in a single file, formatted according to PEP-8 and
ready to be executed by pytest.”

Google Al Studio e GetAPlkey  Studio

[% chat Pytest prompt ./ E <= B s C 2 Run settings

Write complete pytest test cases based on the following user story and scenario. The tests should follow
best practices, be well structured with Arrange Act Assert sections, and include any relevant edge
cases. Use fixtures and mocks if needed. Include only the code in a single Python file, ready to be run
with pytest.

Use descriptive test function names.

Use pytest style assertions (no unittest).

Avoid unnecessary boilerplate. focus on testing the logic relevant to the scenaricl

Gemini 2.5 Pro Prev

AP W VIS IHIUUST U IDUYEiS ~

Generated python

ort pytest
unittest.mock import MagicMock, patch

t uuid

Figure 3.8: Acceptance Criteria Prompt.
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3.5 System Files

ok I_"I N

requiremenks.txt

'E-::Fi|::-:._i'5-
style.css

tempCodeRunnerFile.)s

tempCodeRunnerFile.py

Figure 3.9: System File Structure.
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3.6 Application Interfaces

3.6.1 User Story Interface

Generate the tests

1. Enter Your User Story

As a [type of user], I'want [some goal] so that [some reason].

Generate Scenarios

Figure 3.10: The User Story Input Interface.

3.6.2 Generated Acceptance Criteria

2. Review & Edit The Scenarios

Edit the generated scenarios following the Given-When-Then format or add new ones as needed,

Scenario Successful Account Creation Remove

¥

' **Given®™ | am on the account creation page

' *"When** | enter a valid email address, a strong password (at least 8 characters, one uppercase, one lowercase,
one number, ane special character), and confirm the password correctly

* **Then** my account should be created successfully, | should be automatically logged in, and | should be
redirected to the dashboard.

Figure 3.11: The Generated Acceptance Criteria Interface (Initial View).
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* **Given** | am on the account creation page

* When** | enter a valid email address with trailing spaces and a strong passward

* **Then** the trailing spaces in the email address should be automatically trimmed befare account creation, and my
account should be created successfully,

Scenario Account Creation with Maximum Password Length

* **Given*™ | am on the account creation page

' *"\When** | enfter a valid email address and a password thatis exactly the maximum allowed length (e.g., &4
characters)

* **Then** my account should be created successfully, | should be automatically logged in, and | should be
redirected to the dashboard.

r
L4
ra

b Add Mey ario Confirm 5

Figure 3.12: The Generated Acceptance Criteria Interface (Detailed View).
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3.6.3 Generated Pytest Tests

3. Tests :

Here are your finalized test cases

on falure,**"

ndude one uppercase letter, one se letter, one number,

Figure 3.13: The Generated Pytest Tests Interface.

one special g
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3.6.4 Pytest Test Execution

create_accaunt, ac

hitrimmed_email pass

4

Copy ta Clipboard

Figure 3.14: The Pytest Test Execution Interface.
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3.7 Conclusion

This chapter detailed the technical framework for the intelligent test generation system. The de-
velopment environment comprised Visual Studio Code and Gemini Al Studio. The application’s
front-end and back-end were built with CSS, HTML, JavaScript, and Python. The chapter also
presented the system’s file structure and key application interfaces.
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General Conclusion

This document has guided us through a comprehensive journey, from foundational concepts to the
detailed technical implementation of an innovative testing solution.

We began by establishing the Basic Concepts and Problem Analysis, exploring essential soft-
ware engineering practices. This analytical groundwork then transitioned to the Design phase using
UML, where the system’s structure and behavior were precisely outlined. Finally, we addressed the
Technical Environment, detailing the tools and languages critical for our work.

Crucially, this project showcases a novel approach to test automation. By leveraging Genera-
tive Al, we have demonstrated a streamlined workflow that transforms User Stories into structured
Acceptance Criteria, which are then used to automatically generate Pytest tests. This approach
significantly enhances efficiency and consistency in software quality assurance.

In conclusion, this work has laid a robust foundation, presenting a systematic progression from
problem comprehension to a detailed, actionable plan. By integrating established methodologies

with the power of Generative Al
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