People's Democratic Republic of Algeria

Ministry of higher education and Scientific Research

/\ University of 20 August 1955-Skikda

o
1955 i 20 dasla

Faculty of Sciences

Department of Computer Science

A THESIS
Submitted for the degree of Master

Specialty: Artificial Intelligence

THEME

Design and Development of an Al-Powered Digital
Service Platform for the Artisanal Sector in Algeria

Presented by:

Last Name First Name
CHERIBET CHERIF Chouaib
BIAD Seif Eddine
ALI ZOUI Abdelbaki
Supervisor :  Dr.LAHSASNA Adel University of 20 August 1955-Skikda

Year: 2024/2025



Dedication

To everyone who was a reason for our success in this achievement, which
culminated our humble efforts.
To the beloved family, the young and the old.
To our dear parents, our constant support, may God lengthen their lives
and grant them health and wellness.
To all our beloved brothers and sisters.
To all of our honorable professors who guided us through this journey.
To our friends and colleagues who shared our academic journey.
To everyone who contributed to our support, even with a kind word.

In short, thank you for being a part of our lives.






Abstract

This thesis presents an in-depth investigation into the design, development, and evaluation of an Al-
powered digital service platform tailored for the artisanal sector in Algeria. The primary goal is to
bridge the existing gap between clients and traditional artisans, fostering market formalization and sig-
nificantly enhancing service efficiency, quality, and trust within this predominantly informal economy.
The methodology integrates the development of intelligent matchmaking algorithms, culturally-attuned
trust and quality assurance mechanisms, and inclusive user experience strategies designed for vary-
ing levels of digital literacy. These approaches are implemented within a scalable system architecture
that prioritizes data management and privacy considerations. The platform’s effectiveness is evaluated
through its capacity to improve service discovery, enhance provider visibility, and increase overall trans-
action satisfaction, thereby addressing critical research gaps and providing a contextually-fitted digital

solution for the Algerian artisanal landscape.

Keywords: Digital Service Platforms, Artisanal Services, Algeria, Al Matchmaking, Trust Mecha-

nisms, Digital Inclusion, User Experience, Informal Economy
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Résumé

Cette these présente une étude approfondie de la conception, du développement et de ’évaluation
d’une plateforme de services numériques alimentée par l'intelligence artificielle, congue sur mesure pour
le secteur de l'artisanat en Algérie. L’objectif principal est de combler le fossé existant entre les clients
et les artisans traditionnels, en favorisant la formalisation du marché et en améliorant de maniére signi-
ficative l'efficacité, la qualité et la confiance au sein de cette économie majoritairement informelle. La
méthodologie intégre le développement d’algorithmes de mise en relation intelligents, de mécanismes de
confiance et d’assurance qualité adaptés a la culture locale, ainsi que des stratégies d’expérience utili-
sateur inclusives congues pour des niveaux variés de littératie numérique. Ces approches sont mises en
ceuvre au sein d’une architecture systeme évolutive qui priorise la gestion des données et les considéra-
tions de confidentialité. L’efficacité de la plateforme est évaluée par sa capacité a améliorer la découverte
des services, a accroitre la visibilité des prestataires et a augmenter la satisfaction globale des transac-
tions, comblant ainsi des lacunes de recherche critiques et fournissant une solution numérique adaptée

au contexte artisanal algérien.

Mots-clés : Plateformes de services numériques, Services artisanaux, Algérie, Mise en relation par

TA, Mécanismes de confiance, Inclusion numérique, Expérience utilisateur, Economie informelle.
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Chapter 1

Introduction

1.1 General Introduction

The digital era has profoundly reshaped the service industry landscape, largely driven by the acceler-
ating integration of artificial intelligence (AI). This transformation, from early digital marketplaces to
contemporary Al-powered platforms, has revolutionized how services are discovered, delivered, and eval-
uated. Advanced recommendation systems marked a significant milestone, enabling more sophisticated
matching between service providers and clients. More recently, intelligent matchmaking algorithms have
further advanced service delivery, particularly within traditionally informal sectors. These Al systems,
capable of processing diverse parameters such as skills, location, and user preferences, offer powerful
capabilities for optimizing service connections. This research explores the potential of such intelligent

systems to modernize and formalize artisanal services, specifically within the Algerian context.

1.2 Context and Background

The connection between clients and artisanal service providers traditionally relies on informal networks
and direct interactions. However, digital platforms offer a new paradigm by creating structured in-
teraction loops where service requests and provider information are efficiently exchanged. A typical
digital service platform designed for such connections would generally feature: a diverse pool of ser-
vice providers, clients seeking specific services, a system for matching and decision support, and robust
digital communication channels for reviews, bookings, and other interactions. The core challenge and
opportunity lie in leveraging artificial intelligence to make these connections more precise and effective,
considering factors like geographical proximity, specific skill requirements, scheduling availability, and
quality metrics derived from user engagement and feedback. This study investigates the application of

these principles to the unique domain of artisanal services.
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1.3 Problem Statement

Despite the potential of digital platforms, a significant gap exists in effectively serving the traditional
artisanal services sector, particularly in contexts like Algeria. Current digital solutions can be broadly

categorized:

e Generalist platforms: While offering broad market reach and benefiting from network effects,
these platforms often lack the specialized features, nuanced understanding, and culturally-attuned
trust mechanisms necessary for the unique requirements of artisanal services. They may not

adequately address the informal nature of the sector or the specific needs of artisans.

o Sector-specific platforms (in other domains): These demonstrate the value of specialization
but often cater to industries with more formalized structures, established digital literacy, and

standardized quality metrics.

The Algerian artisanal sector presents a distinct set of challenges for digitization. Its predominantly
informal nature, coupled with varying levels of digital literacy among artisans and the absence of
widespread formal certification systems or standardized quality benchmarks, means that generic plat-
form models are often ill-suited. This necessitates innovative approaches to platform design, trust
establishment, quality assurance, and digital inclusion to effectively bridge the gap between traditional
artisanship and modern digital service delivery. This research addresses the problem of designing and

developing such a specialized, Al-powered platform tailored to these specific contextual realities.

1.4 Motivation and Objectives

1.4.1 Motivation This research is driven by a confluence of factors underscoring the need for an

innovative solution within the Algerian artisanal services landscape:

¢ Informality and Discovery Challenges: The sector’s prevailing informality hinders efficient
discovery, making it difficult for clients to find qualified service providers and for artisans to expand

their reach beyond limited word-of-mouth networks.

o Inefficient Traditional Matching: Existing methods for connecting clients and artisans are
often inefficient, leading to suboptimal matches that do not fully align client needs with provider

capabilities or availability.

o Untapped Potential for Technological Innovation: While digital transformation has im-
pacted many sectors in Algeria, the artisanal services domain has seen limited technological ad-

vancement, presenting a significant opportunity for improvement through Al-driven solutions.

¢ Preservation and Promotion of Cultural Heritage: Algeria’s artisanal trades embody rich
cultural heritage. Digital tools can play a vital role in preserving and promoting these traditions

by increasing their visibility and accessibility while respecting their authenticity.
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Addressing these points through a dedicated, intelligent platform can unlock significant economic and

cultural value.

1.4.2 Objectives The primary aim of this research is to design, develop, and evaluate an intelli-
gent platform, Al-Khabir, to effectively connect clients with artisanal service providers in Algeria. The

specific objectives are:

1. To identify and model the key parameters that critically influence successful service matches within

the Algerian artisanal context, informing the development of Al-powered matchmaking algorithms.

2. To design and implement robust trust and quality assurance mechanisms specifically tailored to

the cultural norms, economic characteristics, and informal nature of Algeria’s service sector.

3. To develop and integrate effective digital inclusion strategies, including intuitive user interfaces
and support systems, to facilitate technology adoption among artisans with varying levels of digital

literacy.

4. To architect a scalable, adaptable, and resilient system capable of operating efficiently within
the specific constraints and opportunities of the Algerian technological infrastructure, particularly

concerning mobile accessibility.

5. To create and deploy an Al-driven recommendation system that optimizes the matching process

based on the identified parameters and learned user preferences.

6. To empirically evaluate the Al-Khabir platform’s effectiveness in improving service discovery, en-
hancing provider visibility, fostering trust, and increasing overall transaction satisfaction for both

clients and artisans.

1.5 Dissertation Structure

This dissertation is organized into the following chapters, each addressing distinct aspects of the research:

Chapter 1 (Current Chapter): Introduction provides the overall context for the research,
outlines the background leading to the problem statement, articulates the motivations driving the study,
and details the specific research objectives and questions.

Chapter 2: Literature Review presents a comprehensive review of existing scholarly work. It
examines digital service platforms, the Algerian artisanal sector, artificial intelligence applications in
service matchmaking, trust and quality assurance mechanisms, user experience design, economic models
for platforms, digital inclusion strategies, data management, system architecture, and concludes by
identifying key research gaps.

Chapter 3: Introduction to Mobile Applications introduces the fundamentals of mobile appli-
cation development with a focus on the modern Android ecosystem. It contrasts native, cross-platform,
and Progressive Web App (PWA) approaches, details the current toolchain including Android Studio
and the Kotlin programming language, and explains the paradigm shift from traditional XML-based
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layouts to the declarative Ul framework, Jetpack Compose. The chapter also provides an overview of
Android’s system architecture, application components, and recommended design patterns like MVVM
and Clean Architecture, concluding with crucial aspects of data management, security, testing, and
performance optimization.

Chapter 4: Artificial Intelligence Technologies delves into the core artificial intelligence tech-
nologies integral to the Al-Khabir platform. This chapter covers their historical development, funda-
mental working principles (including machine learning, neural networks, reasoning, and perception), the
generative Al revolution, and foundation models. It also details methods for adapting these models,
such as fine-tuning and retrieval-augmented generation, and discusses their use in intelligent systems
like recommenders and chatbots, concluding with strategies for optimization and robust deployment
through MLOps.

Chapter 5: Conceptual Study presents the conceptual design of the Al-Khabir platform using
the Unified Modeling Language (UML). It defines the system’s functional requirements and interactions
through Use Case diagrams for both client and artisan perspectives. Furthermore, it illustrates the
dynamic behavior and message flow for key processes, such as user profile creation and service searching,
with detailed Sequence diagrams, providing a clear blueprint for the system’s architecture and user
interaction logic.

Chapter 6: Implementation provides a detailed technical exposition of the Al-Khabir platform’s
development and implementation. It describes the development environment, including the hardware
infrastructure and the full software stack (Kotlin, Jetpack Compose, Appwrite, Keras). The chapter
details the platform’s three-tier architecture, showcases the final application workflows for both the
client and craftsman apps through numerous screenshots, and explains the integration of Al for face
recognition. It concludes with a discussion of the performance optimization techniques employed at the

network and UI layers.



Chapter 2

Literature Review

2.1 Introduction

This chapter provides a focused review of key literature essential for contextualizing the Al-Khabir
platform. It synthesizes overarching themes concerning digital service platforms, the specific challenges
within Algeria’s artisanal sector, the potential of artificial intelligence in service provision, and critical
considerations for platform design and implementation including trust, user experience, and digital
inclusion. The aim is to identify fundamental principles and core research gaps that motivate and

inform Al-Khabir’s development.

2.2 The Digital Platform in the Algerian Artisanal Context

Digital platforms have fundamentally altered service economies by creating networked markets that
reduce transaction frictions and drive digital transformation [[]. In developing economies, these plat-
forms are crucial catalysts for modernizing traditional sectors by addressing infrastructural gaps and
improving market efficiency [2].

This is particularly relevant for Algeria’s artisanal sector, which, despite its cultural and economic
importance, remains largely informal and fragmented. The sector faces significant challenges, including
poor provider visibility, inconsistent quality, and information asymmetry that hinder market efficiency
B]. The reliance on traditional, word-of-mouth referral networks severely limits market reach and
transparency for skilled artisans. While digital adoption is growing in Algeria, disparities in digital

literacy necessitate platform designs that are intentionally inclusive [2].

2.3 Core Technological Pillars: AI Matchmaking and Trust

Artificial Intelligence (AI) offers a powerful solution to the inefficiencies in the artisanal market. Al-
driven matchmaking, built on recommendation system principles, aims to predict optimal pairings

between clients and artisans using complex data. Core machine learning approaches include content-
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based filtering, collaborative filtering, and hybrid systems that overcome common issues like the ”cold-
start” problem for new users [4]. Advances in deep learning have further enhanced matchmaking by
enabling sophisticated modeling of preferences from diverse data types [4].

However, technology alone is insufficient. Establishing trust is paramount for the success of any online
marketplace [B]. While mechanisms like rating systems are widely used, they can suffer from biases. In
the context of an informal economy like Algeria’s, where formal qualifications are often limited, building
trust requires contextually sensitive approaches. These may combine digital verification with culturally

resonant signals like community endorsements to ensure provider quality and reliability [2, b].

2.4 Designing for Inclusion: User Experience and Adoption

To succeed, the Al-Khabir platform must be designed for its specific users. This demands an inclusive
and accessible design that accommodates users with varied levels of digital literacy through intuitive
interfaces [(]. Given that smartphones are the primary access point in developing markets, a mobile-first
approach that prioritizes data efficiency and offline functionality is crucial [2, g].

Furthermore, technology adoption among traditional artisans faces significant barriers, including
issues of access, digital skills, and awareness. Effective onboarding, therefore, cannot be passive; it
requires assisted processes, community trust, and practical, ongoing training to demonstrate tangible

benefits and ensure artisans can fully participate in the digital economy [2, [7].

2.5 Literature Synthesis and Research Gap

A comparative analysis of existing solutions reveals that while many platforms exist, they often fall
short. Regional competitors in Algeria, such as the handyman platform Brikola [§] and the job portal
Khadmni [9], provide basic matchmaking directories but often lack robust quality verification, deep
trust mechanisms, or advanced Al tailored to the nuances of the informal sector.

This highlights a critical research gap. Much of the existing research on digital platforms focuses on
developed economies and assumes data-rich environments [4, 10]. There is a specific lack of knowledge
regarding culturally relevant trust signals, technology adoption patterns among Algerian artisans, and
client decision-making criteria in this unique context [3]. Al-Khabir addresses this gap by integrating
two-sided market theory [} with models of technology adoption for informal economies [2] and culturally-

informed trust theory [f], all powered by adaptive algorithmic matchmaking [4].
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2.6 Conclusion

This chapter reviewed literature shaping the Al-Khabir platform’s design, focusing on digital platforms,
Algeria’s artisanal sector, and technology’s role in its modernization. It covered Al-driven matchmak-
ing, trust mechanisms, user-centric design, and digital inclusion. By identifying specific gaps in the
application of these digital innovations to Algeria’s artisanal context, this review justifies the platform’s
need and establishes a clear theoretical framework. Building on this foundation, the next chapter, “In-
troduction to Mobile Applications,” will detail the technical strategies essential for building the

Al-Khabir application.






Chapter 3

Introduction to Mobile Applications

3.1 Introduction

The proliferation of mobile devices has fundamentally transformed the digital landscape, with global
smartphone penetration reaching unprecedented levels [11]. Mobile applications have become integral to
modern society, serving diverse purposes from communication and entertainment to business operations
and healthcare delivery. This chapter provides a comprehensive examination of mobile application
development, focusing on the modern Android platform, its architectural patterns, and production-
ready implementation strategies.

Mobile applications represent a paradigm shift from traditional desktop computing, introducing
unique constraints and opportunities, including limited processing power, varied screen sizes, intermit-
tent connectivity, and context-aware capabilities through sensors [12]. The mobile-first approach has
become a strategic imperative for organizations seeking to maintain a competitive advantage in an

increasingly digital economy.

3.2 Mobile Development Approaches

The choice of development approach is a critical decision that impacts an application’s performance,
development timeline, and long-term maintenance. The landscape is primarily divided into three cate-

gories.

3.2.1 Native Development Native development involves building an application specifically
for a single mobile platform (e.g., Android) using its officially supported languages and tools, such as
Kotlin. This approach offers the highest possible performance and seamless access to all device APIs
and features. A comprehensive 2023 empirical study by Pereira et al., which analyzed thousands of
applications, confirms that native applications still generally exhibit the best performance in terms of
run-time, memory, and energy consumption. However, the study also highlights that well-optimized
cross-platform applications can achieve performance levels that are highly competitive and often indis-

tinguishable to the end-user, making the choice dependent on project-specific trade-offs between raw
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performance and development efficiency [@]

3.2.2 Cross-Platform Frameworks Frameworks like Flutter (using Dart) and React Native
(using JavaScript) enable developers to write a single codebase that can be deployed on both Android
and i0S. This approach significantly reduces development time and cost by abstracting the underlying
native components. Flutter renders its own UI to ensure a consistent look across platforms, while React

Native translates its components into actual native platform widgets for a truly native feel.

3.2.3 Progressive Web Apps (PWAs) Progressive Web Apps (PWAs) use standard web
technologies (HTML, CSS, JavaScript) to deliver an app-like experience within a browser. Through
modern browser APIs like service workers, they can offer offline functionality and be ”installed” on a
user’s home screen. PWAs provide maximum reach and instant updates without an app store, but are

limited by the browser’s security sandbox, which restricts access to many native device features.

Comparison: Native vs. Hybrid vs. Web App Development

Native Web Cross-Platform
Performance A+ B- A
A+ B A+

Code Reuse

Development

The most difficult

The simplest

an
Medium difficulty

Cheaper than Native

Development cost High Lower because of the
reusable code

Offline Functionality i — +

Upgrades ttgs:;j;f Eesilly uplcli_:‘;arileetwnh e Difficult to upgrade

Xcode, AppCode,
Android Studio, Atom,
Android IDE - AIDE,
Intellij IDEA

Django React Native, Flutter

Google Maps, Twitter,
LinkedIn, Telegram,
Facebook, WhatsApp,
Artsy, Pinterest

Instagram, Facebook Ads
Manager, Storyo, Skype,
Wix, The New York Times

OLX, Twitter Lite, AliExpress,
Forbes, Pinterest

Examples

Figure 3.1: Comparison of mobile development approaches: Native, Cross-platform, and Progressive
Web Apps, showing their respective advantages and limitations. Source: [14].

3.3 Development Environments and User Interface Design

3.3.1 IDE Comparison For modern Android development, Android Studio stands as the offi-
cial and undisputed standard Integrated Development Environment (IDE). Built on IntelliJ IDEA; it
provides a comprehensive suite of tools specifically designed for the platform, including a powerful code
editor with intelligent code completion, advanced debugging and profiling instruments, visual layout

editor, and deep integration with the Gradle build system [@]
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Android Studio includes specialized tools such as the Layout Inspector for debugging UI hierarchies,
Memory Profiler for identifying memory leaks, Network Inspector for monitoring API calls, and the APK
Analyzer for optimizing app size. The IDE also integrates seamlessly with Firebase services, Google
Cloud Platform, and the Google Play Console for end-to-end development and deployment workflows
[16].

Alternative IDEs like Visual Studio Code with Android extensions, IntelliJ] IDEA Community Edi-
tion, and Eclipse with ADT (now deprecated) are available but lack the comprehensive Android-specific

tooling and official support provided by Android Studio [17].

3.3.2 Kotlin & Android Studio In 2019, Google announced its commitment to a "Kotlin-
first” approach for Android development, marking a significant shift in the platform’s preferred program-
ming language [1§]. Kotlin, developed by JetBrains and first released in 2011, is a modern, statically
typed programming language that fully interoperates with Java but offers significant advantages that
lead to safer, more concise, and more expressive code.

Kotlin’s key features that make it superior for Android development include:

e Null Safety: Kotlin’s type system distinguishes between nullable and non-nullable types, virtually
eliminating null pointer exceptions at compile time, which are a major source of Android app

crashes [19].

e Data Classes: Automatically generate boilerplate code for classes that primarily hold data,

reducing code verbosity by up to 60% compared to Java [20].

e Coroutines: Built-in support for asynchronous programming that simplifies handling of network

requests, database operations, and other long-running tasks without callback hell [21].

« Extension Functions: Allow adding new functionality to existing classes without inheritance,

promoting cleaner and more readable code organization.

e Smart Casts: Automatically cast types after null checks, reducing explicit casting and improving

code safety.

The adoption of Kotlin has been remarkable, with over 95% of the top 1000 Android apps now
using Kotlin as their primary development language [22]. Google has also expanded Kotlin sup-
port to server-side development (Kotlin/JVM), web development (Kotlin/JS), and native development

(Kotlin/Native), making it a versatile language for full-stack development.

3.3.3 Traditional Views vs Jetpack Compose The most significant recent evolution in
Android development is the shift from the traditional, imperative View system to Jetpack Compose,
a modern declarative Ul toolkit. This transformation represents a fundamental paradigm shift in how
Android user interfaces are constructed and managed.

In the traditional approach, developers manually manipulate Ul widgets (Views) defined in XML

layout files, requiring imperative code to update the interface when data changes. This approach often
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leads to complex state management, potential Ul inconsistencies, and significant boilerplate code. The
traditional system requires developers to manually handle view binding, findViewByld operations, and
complex state synchronization between the Ul and underlying data.

In contrast, the declarative approach with Compose allows developers to simply describe what the
UI should look like for a given state, and the framework automatically updates the Ul when the state
changes. This shift, officially declared stable and production-ready in July 2021, dramatically reduces
boilerplate code by up to 50%, simplifies the management of complex Ul state, and accelerates the entire
development process [23].

Jetpack Compose offers several key advantages:

e Declarative Syntax: UI is described as a function of state, making it more predictable and

easier to understand.

o Kotlin Integration: Seamless integration with Kotlin language features, enabling type-safe Ul

development.

e Live Preview: Real-time preview of UI components during development without running the

app.

e Animation Support: Built-in animation APIs that make creating smooth, performant anima-

tions straightforward.

e Theming System: Powerful theming capabilities with Material Design 3 support and custom

design system implementation.

Major companies including Twitter, Airbnb, and Netflix have successfully adopted Jetpack Compose

in production, reporting significant improvements in development velocity and code maintainability [24].

Jetpack Compose (Declarative) XML (Imperative)

Android’s modern, declarative UI toolkit for A traditional, imperative approach using Ex-
building native interfaces. It simplifies and tensible Markup Language to define Ul layouts
accelerates Ul development. separately from logic.

Requires significantly less code to build and Often results in more verbose code, requiring
maintain Uls, reducing boilerplate and potential | manual updates to the UI when the underlying
for errors. data changes.

UI is described as a function of state. The Developers must manually write code to find Ul

framework automatically updates the Ul when | elements (e.g., ‘findViewById*) and update their
state changes, leading to more predictable code. | properties.

Offers high flexibility and powerful tools for While flexible, creating complex custom views

creating complex custom designs, animations, or animations can be more cumbersome and less
and interactions directly in Kotlin. intuitive.

Accelerates the development cycle with features | The development process can be slower due to

like live previews and direct integration with the separation of layout and logic, and the need
Kotlin’s modern language features. to compile and run the app to see changes.

Table 3.1: Comparison between traditional XML-based View system and modern Jetpack Compose
declarative UI approach. Source: [25].
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3.4 Android Application Lifecycle

3.4.1 Lifecycle Overview A fundamental concept in Android is the application component
lifecycle, which is crucial for creating robust, efficient applications. Because mobile devices have limited
resources (typically 4-12GB RAM and battery constraints), the Android operating system can destroy
application components (like an Activity or UI screen) at any time to reclaim memory for other appli-
cations or system processes. A robust application must be designed to gracefully handle these events

without losing user data or crashing [@]

onCr.eate()

'

onStart() <«—  onRestart()

'L s A
User navigates
to the activity onResume() <«———
App process Activity
killed running
Another activity comes
into the foreground
v User returns
Apps vithfigher priority to the activity
need in terriory onPause()
I
The activity is
no longer visibisle User navigates
* to the activity
onStop() |

The activity is finishing or
being destroyed by the system

Activity
shut down

Figure 3.2: Android Activity lifecycle states and transitions, showing the complete flow from creation
to destruction. Source: [27].

The Android system manages applications through various lifecycle states: Created, Started, Re-
sumed (Active), Paused, Stopped, and Destroyed. Each transition triggers specific callback methods that
developers must implement to ensure proper resource management and user experience. Understand-
ing these transitions is critical for preventing memory leaks, data loss, and application not responding

(ANR) errors [@]
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3.4.2 Management and Impact on Design Historically, managing lifecycle events and
persisting Ul state across configuration changes (like screen rotation) was a complex and error-prone
task for developers. Poor lifecycle management is a leading cause of bugs, memory leaks, and application

crashes. Modern Android development provides a robust set of tools to solve these problems elegantly.

3.5 Android Architecture and Design Patterns

3.5.1 System Architecture The Android operating system is built on a sophisticated layered
architecture that provides abstraction and security while maintaining performance. Starting from the

bottom, the architecture consists of:

APPLICATIONS

Contacts Phone Browser

APPLICATION FRAMEWORK

Activity Window Content View Notification
Manager Manager Providers System Manager

Package Telephony Resource Location XMPP
Manager Manager Manager Manager Service

LIBRARIES ANDROID RUNTIME

T Media “Android Runtime

Manager Framework — (ART)

Core
OpenGLIEs — —

LINUX KERNEL

Display Camera Bluetooth Flash Memory Binder (IPC)
Driver Driver Driver Driver Driver

usB Keypad WiFi Audio Power
Driver Driver Driver Drivers Management

Figure 3.3: Android system architecture layers, from Linux Kernel to Application Framework and user
applications.Source: [@]

e Linux Kernel: Provides core system services including process management, memory manage-

ment, device drivers, and security

o Hardware Abstraction Layer (HAL): Provides standard interfaces that expose device hard-

ware capabilities to higher-level Java API framework

e Android Runtime (ART): Executes DEX files and provides garbage collection, debugging

support, and performance optimizations
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o Native C/C++ Libraries: Core libraries like libc, OpenGL ES, SQLite, and media frameworks

o Java API Framework: High-level services and APIs that applications use to interact with the

Android system

For developers, this framework exposes the high-level Java/Kotlin APIs that allow applications to

access system services, hardware capabilities, and inter-application communication mechanisms [30].

3.5.2 App Components Android applications are not monolithic executables but are con-

structed from four fundamental, loosely-coupled components that can be activated independently:

e Activities: Represent single screens with user interfaces, such as login screens, main application

screens, or settings pages

e Services: Handle long-running background operations without user interfaces, such as music

playback or data synchronization

e Broadcast Receivers: Respond to system-wide broadcast announcements, such as battery low

warnings or network connectivity changes

e Content Providers: Manage shared application data and provide standardized interfaces for

data access across applications

Each component has a distinct purpose and lifecycle, and they communicate via a mechanism called
Intents, which serve as messaging objects that request actions from other components, either within the

same application or across different applications [31].

3.5.3 The Model-View-ViewModel (MVVM) Pattern MVVM is the recommended
presentation pattern for modern Android applications, promoted by Google as the standard architectural
approach. It cleanly separates concerns and creates a maintainable, testable codebase through clear

separation of responsibilities:

o View: The Ul layer (Activities, Fragments, or Composables) that displays data and captures user

interactions

e ViewModel: Acts as a bridge between View and Model, holding UI state and handling user

actions
e Model: Represents the data layer, including repositories, data sources, and business logic

The View observes the ViewModel for state changes using data binding or observer patterns. The
ViewModel, in turn, interacts with the Model to fetch or update data and exposes the Ul state, but
crucially has no direct reference to the View itself. This decoupling makes the code more modular,

easier to test, and prevents memory leaks [33].
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Figure 3.4: MVVM architectural pattern showing the separation of concerns between View, ViewModel,
and Model layers. Source: [@}

3.5.4 Applying Clean Architecture Principles To create highly scalable and main-
tainable systems, the MVVM pattern is often implemented within the broader framework of Clean
Architecture. As proposed by Robert C. Martin (Uncle Bob), Clean Architecture organizes code into
concentric layers with a strict dependency rule: outer layers (like the UI and frameworks) depend on
inner layers (like business logic and entities), but the inner layers must know nothing about the outer
ones.

In Android applications, Clean Architecture typically consists of:

e Presentation Layer: UI components, ViewModels, and presentation logic
e Domain Layer: Business logic, use cases, and domain entities

e Data Layer: Repositories, data sources, and data models

This ensures the application’s core business logic is independent of Android frameworks, databases,
and external APIs, making it highly testable and adaptable to changing requirements. The gold standard

for robust software design, Clean Architecture enables easier maintenance, testing, and future technology

migrations [@} .

3.5.5 Modern State Management with Kotlin Flows In the MVVM architecture, the
ViewModel exposes Ul state to the View layer. The modern and recommended approach for this com-
munication is through Kotlin Flows, specifically ‘StateFlow‘ and ‘SharedFlow‘ These reactive streams
provide a powerful, efficient way to handle asynchronous data streams and state changes.

A ‘StateFlow*‘ is a state-holder observable flow that emits the current and new state updates to its

collectors. Unlike LiveData, StateFlow is lifecycle-agnostic and works seamlessly with Kotlin Coroutines.
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The View can collect this flow in a lifecycle-aware manner using ‘collectAsState()* in Compose or
‘lifecycleScope.collect() in traditional Views, ensuring that UI updates are only processed when the Ul
is in an active state, preventing memory leaks and unnecessary computational work [35].

Key advantages of Flow-based state management:

e Coroutine Integration: Seamless integration with Kotlin Coroutines for asynchronous opera-

tions
e Backpressure Handling: Built-in mechanisms to handle fast-producing data streams
o Transformation Operators: Rich set of operators for data transformation and combination

e Testing Support: Excellent testing capabilities with predictable behavior

3.6 Data Management in Android

3.6.1 Room (Local) For local data persistence, Google’s recommended library is Room, which
provides a powerful and user-friendly abstraction layer over SQLite. Room’s key advantages are its
compile-time verification of SQL queries, which prevents a large class of runtime errors, and its seamless
integration with Kotlin Coroutines and Flow for handling asynchronous data operations. This results

in more robust, maintainable, and less error-prone database code [36].

3.6.2 Appwrite (Cloud) For cloud data, authentication, and storage, Backend-as-a-Service
(BaaS) platforms like Appwrite provide a comprehensive solution that drastically reduces backend
development time. Appwrite offers a self-hostable suite of services accessible via SDKs, including a
real-time database, user authentication, file storage, and serverless functions, allowing developers to

build complex, scalable backends with minimal effort [37].

3.7 Security in Mobile Applications

3.7.1 The Mobile Threat Landscape (OWASP) Mobile application security is a critical
domain that requires proactive defense. The OWASP Mobile Top 10, updated for 2024, serves as
the industry-standard guide by identifying the most prevalent and critical security risks. These include
threats such as improper credential usage on the device, insecure authentication and authorization
schemes, insecure communication over networks, and insufficient cryptography, all of which can lead to

severe data breaches [3§].

3.7.2 Core Defense Mechanisms: Authentication and Data Protection A
multi-layered defense strategy is essential for protecting mobile applications against the evolving threat
landscape. This approach combines multiple security controls to create overlapping layers of protection.

For authentication, modern Android provides several robust mechanisms:
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Figure 3.5: Security architecture layers and principles for modern applications. Source: @]
e BiometricPrompt API: Offers a secure and standardized way to implement biometric authen-
tication using fingerprint, face recognition, or iris scanning

o FIDO2/WebAuthn: Support for passwordless authentication using hardware security keys or

platform authenticators

e OAuth 2.0 / OpenID Connect: Industry-standard protocols for secure authentication and

authorization

o Multi-Factor Authentication (MFA): Implementation of multiple authentication factors for

enhanced security

For data protection, comprehensive strategies must address both data at rest and data in transit:

Data at Rest Protection:

e Android’s Jetpack Security library provides AES-256 encryption for files and SharedPreferences
o Android Keystore system for secure key generation and storage in hardware security modules

e SQLite encryption using SQLCipher for database protection

e Encrypted SharedPreferences for sensitive configuration data
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Data in Transit Protection:

e Mandatory TLS 1.3 for all network communications

¢ Certificate pinning to prevent man-in-the-middle attacks

o HTTP Public Key Pinning (HPKP) for additional transport security

e End-to-end encryption for sensitive data exchange

3.7.3 Best Practices and Advanced Techniques Beyond the core security mechanisms,
a comprehensive security strategy includes multiple additional layers of protection and proactive security
measures.

Runtime Application Self-Protection (RASP): Modern Android applications can implement

runtime protection mechanisms to detect and respond to attacks in real-time:
o Root/jailbreak detection to identify compromised devices
e Anti-tampering mechanisms to detect code modification

e Debugger detection to prevent runtime analysis

Emulator detection to block testing in insecure environments
Code Protection and Obfuscation:

o R8/ProGuard for code shrinking, optimization, and obfuscation
o Native code obfuscation for critical algorithms

o String encryption to protect sensitive constants

e Control flow obfuscation to make reverse engineering more difficult

3.7.4 Best Practices and Honeypots Core security best practices for modern Android
development include a comprehensive approach to application security throughout the development

lifecycle:

e Secure Data Storage: Encrypting sensitive data at rest using Android’s Jetpack Security library

with AES-256 encryption and secure key management through the Android Keystore system

¢ Secure Communication: Enforcing TLS 1.3 for all network traffic, implementing certificate
pinning to prevent man-in-the-middle attacks, and using HTTP Strict Transport Security (HSTS)

headers

e Strong Authentication: Utilizing the ‘BiometricPrompt‘ API for secure biometric authenti-
cation, implementing standard protocols like OAuth 2.0 and OpenID Connect, and supporting

multi-factor authentication
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o Code Hardening: Using advanced code obfuscation tools like R8/ProGuard, implementing anti-

tampering mechanisms, and protecting critical algorithms through native code obfuscation

e Input Validation: Implementing comprehensive input validation and sanitization to prevent
injection attacks, using parameterized queries for database operations, and validating all user

inputs on both client and server sides

Advanced Security Techniques: Mobile honeypots represent an advanced security technique that
can provide valuable threat intelligence and early warning systems. These decoy systems are designed

to attract and analyze attacks, providing insights into attacker behavior and emerging threats:

e Decoy Data: Fake sensitive information designed to trigger alerts when accessed
e Fake API Endpoints: Non-functional endpoints that log unauthorized access attempts

e Behavioral Analysis: Monitoring for suspicious user behavior patterns that may indicate ac-

count compromise

e Threat Intelligence: Collecting data on attack patterns and techniques for improving overall

security posture

The implementation of mobile honeypots requires careful design to avoid impacting legitimate users

while providing effective threat detection capabilities [40)].

3.8 Testing Strategies

3.8.1 The Testing Pyramid as a Guiding Principle A robust and efficient testing
strategy is essential for ensuring application quality. Modern Android development follows the "Testing
Pyramid” model. This principle advocates for a large base of fast and isolated unit tests, a smaller
middle layer of integration tests that verify interactions between components, and a very small number
of slow, end-to-end U tests at the top. This structure optimizes for fast feedback during development

while maintaining high confidence in the application’s correctness [41].

3.8.2 Key Testing Tools and Frameworks The standard toolkit for implementing the

testing pyramid in Android includes:

e Unit Tests: Using JUnit5 and a mocking library like MockK to test individual classes (e.g.,
ViewModels, Repositories) in isolation on the local JVM.

e Integration Tests: Testing how components work together, such as verifying Room database

queries or the interaction between a ViewModel and its data source.

e UI Tests: Using the Espresso framework or, for declarative Uls, the dedicated Jetpack Compose

testing APIs to automate user flows and verify UI behavior on an emulator or real device.
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3.9 Performance and Optimization

3.9.1 Memory Optimization Poor memory management leads to sluggishness and crashes.
Key practices include avoiding memory leaks by using lifecycle-aware components, using memory-
efficient data structures like ‘SparseArray‘, and analyzing memory usage with tools like the Android

Studio Profiler and LeakCanary to identify and fix leaks.

3.9.2 Network Efficiency Network operations can be slow and drain the battery. Best prac-
tices include batching network requests to reduce chattiness, implementing an intelligent caching strat-
egy to avoid re-fetching data, using efficient data serialization formats like Protocol Buffers, and com-

pressing request and response bodies.

3.9.3 Battery Conservation Battery life is a primary user concern. Developers can conserve
battery by using ‘WorkManager‘ for deferrable and constrained background tasks instead of long-running
services, requesting location updates judiciously and with the appropriate level of accuracy, and ensuring
the app does not hold unnecessary wake locks. Google’s Battery Historian tool is essential for diagnosing

power consumption issues [42].

3.10 Conclusion

This chapter has provided a comprehensive examination of the modern Android development land-
scape. The journey from traditional, imperative approaches to the current ecosystem—defined by
Kotlin, declarative Uls with Jetpack Compose, and robust architectural patterns like MVVM with
Clean Architecture—represents a fundamental shift towards building more resilient, scalable, and main-
tainable applications. Having established this technical foundation for the mobile platform, the next
chapter, “Artificial Intelligence Technologies,” will delve into the Al-driven features that provide

the intelligence and personalization at the core of the Al-Khabir platform.






Chapter 4

Artificial Intelligence Technologies

4.1 Introduction

This chapter explores the core artificial intelligence technologies powering the Al-Khabir platform. We
begin with the foundational principles and historical context of AI, then progress to the recent paradigm
shift driven by generative models. We will examine the state-of-the-art, how these powerful models are
customized for specific tasks, and their application in sophisticated systems like chatbots, recommenders,
and autonomous agents. Finally, we address the practical challenges of deploying and maintaining these

technologies reliably in production.

4.2 The Rise of AI: A Historical Perspective

Artificial intelligence is not a new idea. Throughout history, humans have imagined mechanical men and
autonomous machines capable of thought and decision-making. Understanding the evolution of AT helps
us appreciate how foundational techniques and innovative ideas converge to solve modern problems. Its
journey is best understood not as a simple timeline, but as a series of distinct eras marked by dominant

philosophies, funding cycles of boom and bust, and critical technological breakthroughs.

e 1950s-1970s — The Founding Era and Symbolic AI’s Promise: The birth of Al is often
marked by the 1956 Dartmouth Workshop, where the term “artificial intelligence” was coined.
This initial era was dominated by the philosophy of Symbolic AI, or "Good Old-Fashioned AI”
(GOFAI). Researchers believed intelligence could be achieved by manipulating symbols based on
formal rules and logic, a vision supported by the creation of the LISP programming language.
This led to great optimism and the development of early programs that could solve logic puzzles.
In parallel, a competing Connectionist approach emerged, inspired by the brain’s structure,
which led to Frank Rosenblatt’s Perceptron. However, this early promise hit a wall. Symbolic Al
struggled to handle the ambiguity of the real world, and a highly influential 1969 book, Perceptrons,
mathematically detailed the profound limitations of early neural networks, contributing to a period

of deep funding cuts known as the first "AI Winter” [43].

23
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e 1980s-2000s — The AI Winter and Quiet Progress: During a long period of reduced funding

and interest, crucial research continued in the background. The most significant development was
the popularization of the backpropagation algorithm, which provided a method to effectively
train multi-layered neural networks, directly addressing the core limitations that had stalled the
connectionist approach [44]. While expert systems saw some commercial success, this era was
defined by key milestones that showcased the potential of both paradigms. In 1997, IBM’s Deep
Blue, a symbolic system, defeated world chess champion Garry Kasparov. Concurrently, connec-
tionist approaches demonstrated their power with TD-Gammon mastering backgammon through
reinforcement learning. The 2000s saw Al become more mainstream with practical applications
like face recognition and IBM Watson’s victory on Jeopardy!, which combined symbolic knowledge

retrieval with statistical natural language processing.

2010s-Present — The Deep Learning Revolution: The current AI boom was ignited not by
a single idea, but by a powerful convergence of three key factors that allowed the connectionist

approach to finally realize its potential:

1. Big Data: The availability of massive, human-labeled datasets created via the internet. The
canonical example is ImageNet, a database of millions of labeled images that provided the

necessary "fuel” for training data-hungry models [45].

2. Parallel Compute: The widespread adoption of Graphics Processing Units (GPUs), origi-
nally for gaming, provided the immense computational power required to perform the parallel

calculations needed to train deep neural networks in a feasible timeframe.

3. Algorithmic Breakthroughs: Building on decades of research, deep learning architectures
matured. In 2012, a deep convolutional neural network named AlexINet achieved a landmark
victory in the ImageNet competition, drastically outperforming all prior methods and proving

the undeniable power of deep learning at scale [46].

This moment marked the definitive triumph of the data-driven, deep learning paradigm. It led to
a rapid succession of breakthroughs, such as DeepMind’s AlphaGo mastering the complex game
of Go by combining deep learning with reinforcement learning [47]. This revolution is the direct
precursor to the Transformer architecture and the foundation models that are central to modern

AT and platforms like Al-Khabir.

4.3 How AI Works

This section provides a foundational understanding of the mechanisms that enable AT systems to learn,

reason, and perceive the world, forming the bedrock of intelligent applications like Al-Khabir.

4.3.1 Learning from Data (Machine Learning) Machine Learning (ML), a core subset

of AI, empowers systems to autonomously learn patterns and relationships from data, improving their

performance over time without being explicitly programmed for each specific task [48, 49]. This adaptive
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capability is crucial for systems that need to evolve with new information. The primary learning

paradigms include:

Machine Learning

|

Supervised Unsupervised Reinforcement
Learning Learning Learning

¢ Continuous value .
Agent learns to interact

prediction Clustering/Labeling with environment to
e Class/Label based on similarity )
hrt achieve a reward
Prediction

Figure 4.1: Overview of the three main machine learning paradigms

e Supervised Learning: Models are trained on datasets where each data point is meticulously
labeled with a correct output or target variable. The objective is to learn a mapping function
from input features to the desired output, enabling the model to predict outcomes for new, unseen

inputs [49].

— Common Tasks:

* Classification: Predicting a discrete category or class (e.g., spam detection, image recog-
nition, medical diagnosis of a disease).
* Regression: Predicting a continuous numerical value (e.g., house price prediction, stock

market forecasting, temperature prediction).

— Key Algorithms: Linear Regression, Logistic Regression, Support Vector Machines (SVMs),
Decision Trees, Random Forests, k-Nearest Neighbors (k-NN), and various forms of Neural

Networks [49, b(].

— Example: Training a model with a large dataset of images of cats and dogs, each clearly
labeled as ”cat” or "dog.” The model then learns to differentiate between the two, allowing

it to accurately identify them in new, unlabeled images.

e Unsupervised Learning: In contrast to supervised learning, models are given unlabeled data
and must discover inherent structures, hidden patterns, or relationships within the data itself [49].

There is no explicit ”correct” output to learn from.

— Common Tasks:

x Clustering: Grouping similar data points into clusters based on their intrinsic properties

(e.g., customer segmentation, document categorization).
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x Dimensionality Reduction: Reducing the number of input variables while preserving
as much relevant information as possible. This simplifies models, reduces noise, and
aids visualization (e.g., Principal Component Analysis - PCA, t-Distributed Stochastic
Neighbor Embedding - t-SNE).

x Association Rule Mining: Discovering interesting relationships or co-occurrences between
items in large datasets (e.g., "customers who buy X also tend to buy Y,” often used in

market basket analysis).
— Key Algorithms: K-Means Clustering, Hierarchical Clustering, DBSCAN, Principal Com-

ponent Analysis (PCA), Apriori Algorithm [48; 49].

— Example: Analyzing customer purchasing data without predefined categories to identify
natural groupings of customers with similar buying habits, which can then be used for tar-

geted marketing.

« Reinforcement Learning (RL): Reinforcement Learning involves an agent that learns to make
a sequence of optimal decisions by interacting with an environment. The agent receives feedback
in the form of rewards for desirable actions and penalties for undesirable ones, with the ultimate

goal of maximizing its cumulative reward over time [4§].

— Key Components:

x Agent: The learner or decision-maker.
* Environment: The world with which the agent interacts.

x State: The current situation of the agent in the environment.

*

Action: The moves made by the agent.

Reward: Immediate feedback from the environment, indicating the desirability of an

*

action.

*

Policy: The strategy that the agent uses to determine its next action based on the current

state.

— Common Tasks: Game playing (e.g., Chess, Go, Atari games), robotics (e.g., navigation,
manipulation, grasping), autonomous driving, resource management, and complex control

systems [b1].

— Key Algorithms: Q-Learning, SARSA, Deep Q-Networks (DQN), Policy Gradients (e.g.,
REINFORCE, Actor-Critic methods) [49, b0].

— Example: Training an AT agent to play a video game. The agent receives points (rewards) for
completing objectives and loses points (penalties) for failures, gradually learning the optimal

strategy through trial and error.

4.3.1.1 Semi-Supervised Learning Semi-supervised learning is a hybrid approach that leverages

both a small amount of labeled data and a large amount of unlabeled data during training [49]. This
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paradigm is particularly useful when obtaining large quantities of labeled data is expensive, time-
consuming, or impractical. The unlabeled data can help the model learn more robust features and

improve generalization.
e Techniques: Self-training, co-training, generative models, graph-based methods.

e Applications: Web page classification, speech recognition, and medical image analysis where

only a subset of data is annotated by experts.

4.3.2 Neural Networks and Deep Learning While often mentioned as algorithms within
machine learning, Artificial Neural Networks (ANNs) and their advanced form, Deep Learning, warrant

a dedicated discussion due to their transformative impact on modern AI [0, 52].

4.3.2.1 Artificial Neural Networks (ANNs) ANNs are computing systems inspired by the bi-
ological neural networks that constitute animal brains. They are designed to recognize patterns and

relationships in data through a process of learning [4g].

Input Hidden Hidden
Layer Layer1 Layer 2

Output
Layer

Figure 4.2: A simplified representation of an Artificial Neural Network

e Structure: ANNSs consist of interconnected nodes, often called "neurons,” organized into layers:

— Input Layer: Receives the raw data.
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— Hidden Layer(s): Perform computations and transformations on the input data. A network

can have one or many hidden layers.

— QOutput Layer: Produces the final result of the network.

e Operation: Each connection between neurons has an associated "weight,” which represents the
strength of the connection. During training, these weights are adjusted to minimize the difference
between the network’s output and the desired output. An ”activation function” introduces non-
linearity, allowing the network to learn complex, non-linear relationships in data (e.g., Sigmoid,

Rectified Linear Unit - ReLU, Tanh) [49, 50].

4.3.2.2 Deep Learning Deep learning is a specialized subfield of machine learning that utilizes
Artificial Neural Networks with multiple hidden layers—hence, "deep” architectures [62]. The depth of
these networks allows them to learn hierarchical representations of data, extracting increasingly abstract

and complex features at successive layers [50].
e Advantages:
— Automatic Feature Extraction: Unlike traditional ML, deep learning models can automatically
learn relevant features from raw data, reducing the need for manual feature engineering.

— Scalability: They perform exceptionally well with vast amounts of data, often outperforming

shallower models as data volume increases.
— Versatility: Applicable across diverse domains, including image, text, audio, and sequential
data.

« Key Architectures:

— Convolutional Neural Networks (CNNs): Primarily used for image and video processing.
— Recurrent Neural Networks (RNNs): Designed for sequential data like text and time series.

— Transformers: Revolutionized Natural Language Processing and are increasingly used in

computer vision [50].

4.3.3 Reasoning and Decision Making Beyond simply learning patterns, Al systems also
employ various reasoning mechanisms to make informed decisions and draw logical conclusions based
on their acquired knowledge. This capability is vital for tasks requiring problem-solving and strategic

thinking [4§].

4.3.3.1 Symbolic AT (GOFAI - Good Old-Fashioned AI) Symbolic Al, often referred to as
GOFALI, represents knowledge explicitly using symbols, rules (e.g., if-then statements), and formal logic

(e.g., predicate calculus). It aims to mimic human reasoning by manipulating these symbols [4§].

e Techniques:
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— Expert Systems: Computer programs designed to emulate the decision-making ability of a
human expert in a specific domain, often using a rule-based inference engine.

— Logic Programming: Programming paradigms (e.g., Prolog) where programs are expressed in
terms of facts and rules about problems, and computation proceeds by attempting to prove

theorems from these facts and rules.

o Strengths: High explainability (decisions can be traced back to specific rules), precision in well-

defined and constrained domains.

e Limitations: Brittleness in the face of uncertainty, incomplete knowledge, or novel situations;
difficulty in acquiring and representing common-sense knowledge; challenges with scalability for

very complex domains.

4.3.3.2 Probabilistic Reasoning Probabilistic approaches deal with uncertainty by representing
knowledge and relationships using probabilities [48]. This allows Al systems to make decisions even

when information is incomplete or ambiguous.
e Techniques:

— Bayesian Networks: Graphical models that represent probabilistic relationships among a set
of variables using a directed acyclic graph. They are powerful for modeling causal relation-
ships and performing inference under uncertainty.

— Hidden Markov Models (HMMs): Statistical models used for modeling sequential data, where

the system being modeled is assumed to be a Markov process with unobserved (hidden) states.

o Applications: Medical diagnosis, spam filtering, speech recognition, natural language under-

standing, and financial modeling.

4.3.3.3 Knowledge Representation and Ontologies Knowledge Representation (KR) is a field
of Al dedicated to representing information about the world in a form that an AI system can use to

solve complex tasks [18]. Ontologies are a specific form of knowledge representation.

e Concept: Ontologies formally define concepts, categories, properties, and the relationships be-
tween them for a specific domain. They provide a shared vocabulary and a structured way to

organize knowledge.

e Importance: Enables shared understanding across different systems, facilitates data integra-
tion, supports more sophisticated reasoning and inference, and enhances the explainability of Al

decisions.
o Languages: OWL (Web Ountology Language), RDF (Resource Description Framework).
4.3.4 Perception and Interaction This area focuses on enabling machines to perceive and

interact with the physical and digital world in ways similar to humans, allowing them to gather infor-

mation and respond appropriately [4§].
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4.3.4.1 Computer Vision Computer vision is a field of AI that enables machines to ”see,” interpret,
and understand visual information from images and videos [@, @] It aims to replicate the capabilities

of the human visual system.

e Core Goal: To extract meaningful information from visual inputs and use it for decision-making

or further processing.
o« Key Tasks:

— Object Recognition/Detection: Identifying and precisely locating specific objects within an
image or video frame (e.g., detecting cars, pedestrians, or faces).

— Image Segmentation: Partitioning an image into multiple segments (sets of pixels) to simplify
or change its representation into something more meaningful and easier to analyze (e.g.,

distinguishing foreground objects from the background).

— Facial Recognition: Identifying or verifying a person from a digital image or video frame,

often used for security or authentication.

— Scene Understanding: Analyzing the content of an entire visual scene, including objects,
their spatial relationships, and the overall context (e.g., understanding that an image depicts

a "kitchen” or a "street scene”).

— Image Generation & Manipulation: Creating new images from textual descriptions or modi-

fying existing ones (e.g., style transfer, image restoration).

e Dominant Technology: Convolutional Neural Networks (CNNs) are the cornerstone of modern
computer vision due to their exceptional ability to learn hierarchical visual features (from basic

edges and textures to complex shapes and entire objects) directly from raw pixel data [@, @]
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Figure 4.3: Conceptual Layers of a Convolutional Neural Network (CNN).

4.3.4.2 Natural Language Processing (NLP) Natural Language Processing (NLP) is a branch
of AI that equips machines with the ability to understand, interpret, generate, and respond to human

language (both text and speech) in a meaningful and valuable way [@, @]
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¢ Core Goal: To bridge the communication gap between humans and computers, allowing for more

natural and intuitive interactions.
o Key Tasks:

— Language Understanding (NLU): Analyzing text to extract meaning, including sentiment
analysis (determining emotional tone), intent detection (identifying the user’s purpose), entity
recognition (extracting key pieces of information like names, dates, locations), and question

answering.

— Language Generation (NLG): Formulating coherent, grammatically correct, and contextually
appropriate responses in human language (e.g., text summarization, machine translation,

dialogue creation, content generation).

— Speech Recognition (Automatic Speech Recognition - ASR): Converting spoken language into

written text.

— Text-to-Speech (TTS): Converting written text into synthesized spoken language.
e Dominant Technologies:

— Traditional NLP: Techniques like TF-IDF (Term Frequency-Inverse Document Frequency),

n-grams, and statistical models for simpler tasks.

— Deep Learning Models: Recurrent Neural Networks (RNNs), Long Short-Term Memory
(LSTM) networks, and Gated Recurrent Units (GRUs) were significant for sequential data.
More recently, Transformers (e.g., BERT, GPT, T5) have revolutionized NLP due to their
attention mechanisms, which allow them to weigh the importance of different words in a

sentence, and their ability to handle long-range dependencies in text [50, 53].

4.3.4.3 Speech and Audio Processing Beyond just converting speech to text, this field encom-

passes a broader range of tasks related to understanding and generating audio [48].

e Concept: Involves analyzing, interpreting, and synthesizing audio signals. This includes tasks like
speaker identification (recognizing who is speaking), emotion recognition from voice, sound event
detection (identifying specific sounds like glass breaking or a doorbell), and music information

retrieval.

e Techniques: Often involves converting raw audio signals into visual representations like spec-
trograms (which show frequency content over time) and then applying deep learning techniques

similar to those used in computer vision or sequential data processing [5(].

e Applications: Voice biometrics, smart home devices, call center analytics, and assistive tech-

nologies.
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4.4 The Generative AI Revolution and Foundation Models

The last few years have marked a paradigm shift in AI, driven by the development of very large, pre-
trained models. These are known as **Foundation Models**: models trained on broad data at scale
that can be adapted to a wide range of downstream tasks [b4]. This approach, centered on a ”pre-train,
then adapt” methodology, has become the dominant force in Al development, powered primarily by the

Transformer architecture.

4.4.1 The Transformer Architecture and the Rise of LLIMSs The introduction of the
Transformer architecture was a watershed moment for sequence-processing tasks, particularly in NLP
[65]. Its core innovation, the self-attention mechanism, allows the model to weigh the importance
of different tokens in the input sequence when processing and generating text. This ability to capture
complex, long-range dependencies far more effectively than previous recurrent (RNN) or convolutional
(CNN) architectures was the key that unlocked massive scalability.

This architectural breakthrough enabled the creation of Large Language Models (LLMs). LLMs like
GPT-3 [56], LLaMA [57], and PaLM [B§] are pre-trained on terabytes of text and code. This extensive
pre-training imbues them with powerful emergent capabilities for zero-shot and few-shot learning, al-
lowing them to perform tasks they were not explicitly trained on simply by being prompted in natural
language. Further improvements via instruction tuning and reinforcement learning from human feedback

(RLHF) align these models to follow instructions and produce safer, more helpful responses.

4.4.2 Beyond Text: Multimodal Foundation Models The principles of large-scale
pre-training have expanded beyond text to encompass multiple data modalities. Multimodal foundation
models are trained to understand and process information from different sources simultaneously, such as
text, images, and audio. By learning joint representations, these models can perform tasks that require
cross-modal understanding. For example, a model like Flamingo can analyze an image and answer free-
form questions about its content, demonstrating a deep, grounded understanding of the visual world
described through language [59]. This capability is essential for creating more holistic Al systems that

can perceive and interact with the world in a human-like manner.

4.4.3 Case Study: Key Strengths of the Qwen Model Family The Qwen model
family, developed by Alibaba Cloud, serves as an excellent example of a state-of-the-art, open-source
foundation model series that pushes the boundaries of performance and accessibility [60, 61]. The

strengths of the Qwen series highlight key trends in modern Al:

e Strong Multilingual Capabilities: From its inception, Qwen was designed with a focus on
both English and Chinese, later expanding to be robust across a wide array of languages, making

it highly suitable for global applications.

e Large and Flexible Context Windows: Newer iterations like Qwen1.5 support very large con-

text windows (e.g., 32,768 tokens), allowing them to process and reason over extensive documents,
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long conversations, or complex codebases without losing track of information. This long-context

ability is critical for sophisticated RAG and agentic applications.

o Advanced Vision-Language (VL) Models: The series includes powerful multimodal models
like Qwen-VL, which, in line with the trend described above, can understand and interpret both
text and images. This enables sophisticated applications such as visual question answering, image

captioning, and grounding textual commands in visual data.

e Openness and Adaptability: By being open-sourced with a permissive license and providing
a range of model sizes (from 0.5B to 72B parameters), the Qwen series empowers researchers and

developers to build upon and fine-tune models for specific use cases, fostering broad innovation.

4.5 Customizing and Grounding Foundation Models

While powerful, out-of-the-box foundation models have inherent limitations. They can produce factually
incorrect statements (”hallucinations”) and their knowledge is static, frozen at the time of their last
training [56]. To build reliable, production-grade applications, developers must employ techniques to

customize and ground these models.

4.5.1 Fine-Tuning: Adapting the Model’s Core Behavior and Knowledge
Fine-tuning is the process of taking a pre-trained foundation model and continuing its training on a
smaller, domain-specific dataset [62]. This process adjusts the model’s internal weights to specialize it.

There are two primary approaches:

¢ Full Fine-Tuning: All of the model’s parameters are updated during training. This approach can
achieve the highest performance but is computationally intensive and requires significant memory.
It carries a higher risk of ”catastrophic forgetting,” where the model loses some of its general

capabilities while over-specializing on the new data.

o Parameter-Efficient Fine-Tuning (PEFT): Instead of updating all parameters, PEFT meth-
ods freeze the original model weights and inject a small number of new, trainable parameters.
This dramatically reduces computational and memory requirements, making fine-tuning more ac-
cessible. A leading PEFT technique is Low-Rank Adaptation (LoRA), which adds pairs of
low-rank matrices to the Transformer layers. Only these small matrices are trained, and their
outputs are added to the outputs of the original frozen layers. This has proven highly effective at
achieving performance comparable to full fine-tuning with a fraction of the trainable parameters

63).

4.5.2 Prompt Engineering: Steering Models with Language Prompt engineering
is the practice of carefully designing the input text (the "prompt”) given to a language model to elicit a
desired and specific output. Rather than modifying the model’s weights through training, this technique

controls the model’s behavior by leveraging its existing capabilities. This has become a critical skill for
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developing with LLMs, as it allows for precise control without the computational cost of fine-tuning.

Key techniques include:

e Instruction Following: The most fundamental technique is providing clear, direct instructions
within the prompt. This includes specifying the desired format, tone, or constraints for the

response, such as instructing the model to answer a query based *only* on provided context.

e Few-Shot and Zero-Shot Prompting: LLMs have the emergent ability to perform tasks they
were not explicitly trained on. Zero-shot prompting involves asking the model to perform a
task without any prior examples. Few-shot prompting improves upon this by providing a small
number of examples (shots) of the task within the prompt, guiding the model on the expected

output format and reasoning process [b6].

o Chain-of-Thought (CoT) Prompting: To improve reasoning on complex tasks, CoT prompt-
ing encourages the model to generate a sequence of intermediate reasoning steps before giving a
final answer. By prompting the model to ”think step by step,” it can break down a problem into

smaller parts, often leading to more accurate results, a technique essential for agent planning [64].

4.5.3 Retrieval-Augmented Generation (RAG): Grounding Models in Exter-
nal Data Retrieval-Augmented Generation (RAG) is a powerful technique that grounds an LLM’s

responses in external, up-to-date knowledge without modifying the model’s weights [65].

4.5.3.1 The RAG Pipeline A typical RAG system consists of several stages:

1. Indexing: An external knowledge corpus (e.g., PDFs, web pages, database records) is processed.
Each piece of text is split into chunks, converted into a numerical vector representation (an “em-

bedding”) using a text embedding model, and stored in a specialized vector database.

2. Retrieval: When a user query is received, it is also converted into an embedding. The vector
database is then queried to find the chunks of text whose embeddings are most semantically similar

to the query embedding.

3. Augmentation: The most relevant retrieved text chunks are then inserted into the LLM’s
prompt, providing it with specific, targeted context. The prompt typically instructs the LLM

to answer the user’s original query based *only* on the provided context.

4. Generation: The LLM uses this augmented prompt to generate a response that is now "grounded”
in the retrieved information. This significantly reduces hallucinations and allows the model to an-

swer questions about proprietary or real-time data.

4.5.3.2 Advanced RAG The simple RAG pipeline can be enhanced with more sophisticated tech-
niques to improve relevance and accuracy. Modern ”Advanced RAG” systems may include query trans-

formations (rewriting the user’s query for better retrieval), routing (selecting the best data source or
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retrieval method for a given query), and hybrid search (combining semantic vector search with tra-
ditional keyword search). These methods aim to close the gap between the user’s question and the

retriever’s ability to find the most pertinent information [66].

4.6 Intelligent Systems in Action

This section showcases practical applications of the AI principles previously discussed, focusing on how
they enhance user experience and provide personalized interactions in systems like Al-Khabir. We delve
into the workings of recommendation systems and conversational Al, highlighting their core technologies,

evaluation methods, and challenges, before exploring the next frontier of autonomous agents.

4.6.1 Personalization Engines: Recommendation Systems Recommendation sys-
tems are sophisticated personalization engines designed to predict user preferences and provide tailored
suggestions for content, products, or services [48, 67]. They are critical for platforms like Al-Khabir to
enhance user engagement, discovery, and satisfaction by filtering vast amounts of information to present

relevant items to users.
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Figure 4.4: Comparison of Content-Based and Collaborative Filtering Mechanisms.

4.6.1.1 Core Recommendation Techniques
e Content-Based Filtering:

— Mechanism: This approach recommends items based on a comparison between the content
of the items and a user profile [67]. The user profile is typically built up from their past
interactions and explicit preferences for item attributes (e.g., genre, author, keywords). If
a user liked items with certain characteristics, the system will recommend other items that

share similar characteristics.
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— Pros: Doesn’t require data from other users (no "item cold-start” problem if item features

are available); can recommend niche items; provides explainable recommendations.

— Cons: Limited serendipity (tends to recommend items very similar to what the user already

likes); requires good feature extraction for items; can suffer from over-specialization.
+ Collaborative Filtering (CF):

— Mechanism: CF suggests items based on the past behavior and preferences of a large group
of users ("users who liked X also liked Y”) or similarity between items based on user ratings
("items liked by the same users are similar”) [49, 67]. It doesn’t require understanding item

content.

x User-Based CF': Identifies users with similar tastes to the target user and recommends
items those similar users liked.

x Item-Based CF: Calculates similarity between items based on how users have rated or
interacted with them. More common in practice due to scalability and more static item-

item relationships.

— Pros: Can generate highly serendipitous recommendations; doesn’t need item features; cap-

tures complex relationships.

— Cons: Suffers from the "user cold-start” and “item cold-start” problems (new users/items
have no interaction data); data sparsity can degrade performance; scalability for very large

datasets can be an issue.
e Hybrid Approaches:

— Concept: Combine two or more recommendation techniques (most commonly content-based
and collaborative filtering, but also potentially knowledge-based or demographic approaches)

to leverage their respective strengths and mitigate their individual weaknesses [67].

— Strategies: Can involve weighted combinations, switching between methods based on con-

text, or using the output of one model as input to another.

— Benefit: Generally provides more robust, accurate, and diverse recommendations, capable

of addressing issues like cold-start more effectively.

4.6.1.2 Advanced Recommendation Techniques Beyond classical methods, modern recommenders

often employ more sophisticated techniques:

e Matrix Factorization: Techniques like Singular Value Decomposition (SVD) are used to discover
latent features underlying the interactions between users and items. These methods are effective

in dealing with sparsity in the user-item interaction matrix [49, 67].

o Deep Learning for Recommendations: Neural networks, including autoencoders, CNNs (for

content features), and RNNs (for sequential recommendations), have shown significant promise
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in capturing complex patterns and non-linear interactions in user data [50, 68]. This includes

learning rich embeddings for users and items.

e Knowledge Graph-based Recommendations: Incorporating external knowledge from knowl-
edge graphs can enrich item and user representations, leading to more accurate and explainable

recommendations, especially for cold-start scenarios [68].

e Session-based and Sequential Recommendations: These systems model the sequence of
user interactions within a session or over time to predict the next item a user might be interested

in, often using RNNs or Transformer models [6§].

4.6.1.3 Evaluating Recommendation Systems The effectiveness of recommendation systems is

measured using various offline and online metrics [49, 67]:
o Offline Metrics (using historical data):

— Accuracy Metrics: Measure how well the system predicts user ratings or identifies relevant
items (e.g., Precision, Recall, Fl-score, Mean Average Precision (MAP), Normalized Dis-
counted Cumulative Gain (NDCG), Root Mean Squared Error (RMSE), Mean Absolute
Error (MAE)).

— Ranking Metrics: Evaluate the order of recommended items (e.g., NDCG, MAP).
— Beyond-Accuracy Metrics:

x Coverage: The proportion of available items the system can recommend.
*  Diversity: How varied the recommendations are for a user.
x Serendipity: The degree to which recommendations are surprising yet relevant and useful.

* Nowelty: How unknown or unconsumed the recommended items are to the user.
e Online Evaluation (A /B Testing):

— Concept: Deploying different versions of the recommendation system to different user groups
and measuring real-world impact on key business metrics (e.g., click-through rate (CTR),

conversion rate, user engagement, sales).

— Importance: Crucial for understanding the true impact on user behavior and business objec-

tives, which offline metrics cannot fully capture.

4.6.2 Talking to Machines: Chatbots and Conversational AI Chatbots and
broader Conversational Al systems, powered extensively by Natural Language Processing (NLP), aim to
simulate human-like conversations for diverse purposes such as information retrieval, task completion,
customer support, or entertainment [69, [74]. They are a cornerstone of Al-Khabir’s user interaction

strategy.
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4.6.2.1 Core Components of Advanced Chatbots Modern chatbots integrate several sophisti-

cated ATl components:

o Natural Language Understanding (NLU): The component responsible for interpreting the

user’s input and extracting meaning [69].

— Intent Detection: Identifying the user’s primary purpose or goal behind their message (e.g.,

"book a flight,” ”check weather”).

— Entity Recognition (Named Entity Recognition - NER): Extracting key pieces of information
(entities) from the user’s query that are relevant to the intent (e.g., "flights to London on

Tuesday”).

— Sentiment Analysis: Determining the emotional tone or attitude expressed in the user’s

message (e.g., positive, negative, neutral), which can help tailor responses.

— Coreference Resolution: Identifying all expressions in a text that refer to the same entity.

o Dialogue Management (DM): The brain of the chatbot, responsible for managing the flow

and coherence of the conversation [48, [70].

— State Tracking: Maintaining the context of the conversation across multiple turns, remem-

bering previous user inputs, system responses, and recognized entities.

— Policy Learning: Deciding the chatbot’s next action or response strategy based on the current
dialogue state, detected intent, and extracted entities. This can involve rule-based systems,

statistical models, or reinforcement learning.

o Natural Language Generation (NLG): The component that formulates a coherent, gram-
matically correct, and contextually appropriate response in human language [69]. This can range

from template-based responses to sophisticated text generation using deep learning models.

4.6.2.2 Types of Chatbots Chatbots can be broadly categorized based on their underlying tech-

nology and capabilities.

4.6.2.3 The Role of Large Language Models (LLMs) in Conversational AI LLMs have
revolutionized conversational Al by providing powerful capabilities for NLU and NLG [53, §9].

e Impact: Pre-trained on vast text corpora, LLMs learn intricate language patterns, common
sense knowledge, and even reasoning abilities to some extent. They can be fine-tuned for specific

conversational tasks or used in few-shot/zero-shot settings.

e Enhanced Capabilities for Al-Khabir: LLMs enable more natural and fluent dialogue, im-
proved question answering over diverse topics, the ability to provide detailed explanations, gener-
ate summaries, and offer more empathetic and context-aware interactions, significantly enhancing

conversational experiences.
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Chatbot Type

Description

Key Characteristics

Rule-Based Bots

Follow predefined conversational flows,
scripts, and keyword matching [[70].

Predictable but limited
in flexibility; struggle
with unseen variations
in user input [[70].

Retrieval-Based AI Chatbots

Select responses from a predefined knowl-
edge base or a large corpus of dialogue
turns based on the NLU’s understanding
of the user’s query.

More flexible than rule-
based systems but are
still limited to existing
responses.

Generative AI Chatbots

Generate new responses from scratch,
typically using sequence-to-sequence deep
learning models, including Large Lan-
guage Models (LLMs) [0, p3].

Offer the highest degree
of flexibility and can
handle novel queries,
leading to more nat-
ural, dynamic, and
human-like conversa-
tions [50, 53].

Table 4.1: Comparison of Chatbot Types with Separators

4.6.2.4 Evaluating Chatbot and Conversational AI Performance Evaluating dialogue systems

is a complex task, involving both automated metrics and human judgment [[70, [71]:

¢ Automated Metrics:

— NLU Metrics: Precision, recall, F1-score for intent detection and entity recognition.

— NLG Metrics:

x Word Overlap Metrics: BLEU, ROUGE, METEOR (compare generated text to reference

responses).

* FEmbedding-based Metrics: Cosine similarity between embeddings of generated and refer-

ence responses.

x Perplexity: Measures how well a language model predicts a sample of text (lower is

better).

— Task Completion Metrics: Success rate, efficiency in goal-oriented dialogues.

¢ Human Evaluation: Often considered the gold standard, involving humans assessing various

aspects of the conversation.

— Quality Dimensions: Coherence, fluency, naturalness, informativeness, task success, engage-

ment, user satisfaction, appropriateness, and consistency.

— Methods: Likert scales, pairwise comparisons, qualitative feedback.

4.6.2.5 Challenges in Conversational AI Despite significant advancements, building robust and

effective conversational Al systems presents several challenges:

e Maintaining Context: Ensuring long-term coherence and remembering relevant information

across extended conversations [[70].
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Handling Ambiguity and Nuance: Human language is inherently ambiguous; understanding

subtle meanings, sarcasm, and indirect requests remains difficult.

Knowledge Grounding and Factuality: Ensuring chatbots provide accurate, up-to-date, and

factual information, and avoiding “hallucinations,” especially in generative models [53].

Bias and Fairness: Mitigating biases learned from training data to ensure fair and equitable

interactions across different user groups [4g].

Scalability and Cost: Training large models and deploying them for real-time inference can be

computationally expensive.

Evaluation Difficulties: Defining comprehensive and reliable evaluation metrics that capture

all desirable aspects of a good conversation is an ongoing research area [[71].

User Trust and Adoption: Building user trust by ensuring reliability, transparency, and ethical

behavior.

4.6.3 The Next Frontier: Autonomous AI Agents Building upon the reasoning ca-

pabilities of LLMs, the next frontier is the development of autonomous agents. An Al agent is a system

that can perceive its environment, make plans, and execute actions using a set of available tools to

achieve a complex, high-level goal [72]. Modern agents use an LLM not just for conversation, but as

their core reasoning engine to direct their own behavior.

4.6.3.1 The Anatomy of an AI Agent An LLM-powered agent is comprised of several key com-

ponents working in synergy:

« Reasoning Engine: At the core is an LLM, which receives the high-level goal and information

about its environment and available tools. It is responsible for decision-making and orchestrating

the other components.

Planning: The agent must break down a complex goal into a sequence of smaller, manageable
steps. This can be achieved through prompting techniques. A simple form is Chain-of-Thought
(CoT), where the model is prompted to ”think step by step” to generate a logical sequence of
reasoning before acting [64]. More complex agents may generate dynamic, multi-step plans and

adapt them based on new observations.

Tool Use: To interact with the outside world, agents are given access to a set of ”tools,” which
are essentially APIs or functions. These can include web search, calculators, code interpreters,
or APIs for other software services. The agent’s LLM core decides which tool to use, with what
arguments, to gather information or perform an action. Models like Toolformer are specifically

pre-trained to learn how to call these APIs effectively [73].

Memory: Agents need memory to track progress, learn from past actions, and maintain context.

This includes a short-term memory (the immediate conversation history within the LLM’s context
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window) and a long-term memory, often implemented using a retrievable knowledge store like a
vector database, allowing the agent to recall information from past interactions or reference vast

document sets.

A popular framework that demonstrates these components working together is ReAct (Reasoning
and Acting), where the agent iteratively cycles through generating a thought (reasoning), choosing a

tool (acting), and processing the result (observation) until the final goal is met [@]

4.7 Al in Production: MLOps and Efficient Deployment

Successfully developing, deploying, and maintaining the AI systems discussed above requires a disci-
plined approach to both the operational lifecycle (MLOps) and deployment efficiency, especially for

mobile and edge devices.

4.7.1 The AI Deployment Cycle (MLOps) MLOps (Machine Learning Operations) ap-
plies DevOps principles to the machine learning lifecycle to ensure reliability, scalability, and continuous
improvement [@, @] It transforms the AI development process from an ad-hoc, experimental practice

into an automated, reproducible, and collaborative discipline [@, @]
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Figure 4.5: The Iterative MLOps Lifecycle
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The MLOps lifecycle is an iterative loop encompassing:

Scoping and Design: Translating business needs into a well-defined ML problem and establish-

ing success metrics.
Data Engineering: Building robust pipelines for data collection, validation, and versioning.

Model Development & Training: Tracking experiments, code, and hyperparameters for full

reproducibility [[7§].

Model Deployment: Safely rolling out models to production using strategies like canary releases

or A/B testing.

Monitoring, Maintenance, and Retraining: Continuously tracking model performance and

detecting data or concept drift to trigger automated retraining, thereby closing the loop.

4.7.2 Optimizing Al for Mobile and Edge Devices To deliver responsive and privacy-

preserving Al experiences, computation is often moved from the cloud to edge devices like mobile phones.

This requires significant optimization to overcome constraints in processing power, memory, and battery

life [79, 80]. Key strategies include:

Hardware Acceleration: Leveraging specialized silicon like GPUs, DSPs, and dedicated NPUs
(Neural Processing Units) such as Apple’s Neural Engine or Google’s Edge TPU [80].

Model Compression: Using techniques like pruning (removing weights), quantization (reducing

numerical precision), and knowledge distillation to create smaller, faster models [81].

Efficient Architectures & Frameworks: Designing inherently efficient models (e.g., Mo-
bileNets) and using specialized frameworks like TensorFlow Lite, PyTorch Mobile, and Core ML
for deployment [82, 83].

Federated Learning: For privacy-centric personalization, Federated Learning allows for model
training on distributed user data without the raw data ever leaving the device, sending only

aggregated model updates to a central server [84].

4.7.3 Responsible AI Considerations As the power and proliferation of Al systems grow,

ensuring their development and deployment are handled responsibly has become a paramount concern for

researchers, policymakers, and practitioners alike [85]. Responsible AT (RAI) is not a single technique but

a holistic approach that addresses the ethical and societal implications of these technologies throughout

their lifecycle. The core principles include:

o Bias and Fairness: Al models are susceptible to learning and amplifying societal biases present

in their training data. For example, facial recognition systems have shown significantly higher error
rates for women and people of color, a direct result of biased training datasets [86]. Addressing this

requires auditing datasets for representation, implementing algorithmic debiasing techniques (e.g.,
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re-weighting, adversarial debiasing), and continuously monitoring for fairness disparities across

different demographic groups after deployment.

o Transparency and Explainability (XAI): Many advanced ATl models, particularly deep neu-
ral networks, operate as ”black boxes,” making their internal decision-making processes opaque.
Transparency involves being clear about the system’s purpose, capabilities, and limitations. Ex-
plainability goes further, seeking to answer *why* a model made a specific prediction. Techniques
like LIME (Local Interpretable Model-agnostic Explanations) and SHAP (SHapley Additive ex-
Planations) are used to generate human-understandable explanations for individual predictions,

which is crucial for building user trust and debugging model behavior [87].

e Privacy and Data Protection: Al systems, especially those trained on user data, pose sig-
nificant privacy risks. Strong data governance is the first line of defense. Beyond that, privacy-
preserving machine learning (PPML) techniques are employed. Federated Learning, as dis-
cussed previously, trains models on decentralized data without exposing the raw data itself [84].
Another core concept is Differential Privacy, which provides a mathematical guarantee that
the output of an analysis will not reveal whether any single individual’s data was included in the

dataset, often by adding carefully calibrated noise [8§].

¢ Robustness and Safety: An Al system must be reliable and secure against manipulation, es-
pecially in safety-critical applications like autonomous driving or medical diagnosis. A key area
of research is defending against adversarial attacks, where an attacker makes small, often im-
perceptible, changes to a model’s input (e.g., changing a few pixels in an image) to cause a
confident but incorrect prediction [89]. Ensuring robustness involves stress-testing models, im-
plementing adversarial training, and designing systems that fail gracefully when they encounter

out-of-distribution or unexpected inputs.

4.8 Conclusion

AT technologies, as explored in this chapter, have demonstrably evolved from abstract theories to potent,
practical systems integral to modern platforms. From the foundational algorithms that trace back
decades to the generative foundation models and autonomous agents defining the current frontier, we
have seen how a confluence of intelligent algorithms and data-centric models work in concert. The
methods for adapting these models, from fine-tuning and retrieval-augmented generation to the complex
planning and tool-use of autonomous agents, represent the cutting edge of applied AI. When combined
with sophisticated MLOps practices for robust deployment and optimization techniques for mobile
devices, these elements collectively forge Al systems that are impactful, adaptive, and tailored to deliver
a continuously improving user experience on platforms like Al-Khabir. The journey of Al is ongoing,
and its continued advancement promises even more innovative and integrated capabilities for the future.

in thee next chapter we’ll talk about consiption study






Chapter 5

Conceptual Study

5.1 Introduction

The Al-Khabir platform aims to modernize Algeria’s artisanal sector by leveraging digital technologies,
particularly artificial intelligence (AI), to connect artisans with customers, enhance trust, and promote
economic sustainability. This chapter presents a conceptual study of the platform, outlining its design
through the lens of Unified Modeling Language (UML) to ensure a robust and systematic approach.
UML, a standardized modeling language, is employed to visualize and define the system’s structure and
behavior, facilitating clear communication among stakeholders. This chapter begins with an overview
of UML, including its definitions and historical evolution, followed by a presentation of the Al-Khabir
project. It then details key UML diagrams—use case and sequence diagrams—to illustrate the platform’s
functionality and interactions. Finally, a textual description summarizes the system’s operational flow,

aligning with the identified themes of Al-driven matchmaking, user-centric design, and digital inclusion.

5.2 Definitions and History of UML

5.2.1 Definitions Unified Modeling Language (UML) is a standardized, general-purpose model-
ing language used in software engineering to specify, visualize, construct, and document the artifacts of
software systems [90]. UML provides a rich set of graphical notation techniques to create visual mod-
els of object-oriented systems, enabling developers, designers, and stakeholders to communicate system

requirements and designs effectively. Key UML diagrams relevant to this study include:

o Use Case Diagram: Illustrates the interactions between users (actors) and the system, capturing

functional requirements from a user’s perspective.

e Sequence Diagram: Depicts the dynamic behavior of the system by showing how objects interact

over time to complete specific tasks, emphasizing the order of messages.

UML is particularly valuable for the Al-Khabir platform, as it supports the design of complex,

Al-driven systems with clear, structured representations of user interactions and system processes.

45
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5.2.2 History of UML UML emerged in the mid-1990s as a response to the growing need
for a standardized approach to modeling software systems, unifying various disparate methodologies
that existed at the time [90]. Its development was spearheaded by three prominent figures in object-
oriented analysis and design—Grady Booch, Ivar Jacobson, and James Rumbaugh—who combined
their respective methods (Booch Method, Object-Oriented Software Engineering, and Object-Modeling
Technique). This collaborative effort led to the release of UML 1.0 in 1997 under the stewardship of the

Object Management Group (OMG). Key milestones in its evolution include:

e 1997: UML 1.0 was released, establishing a unified standard for software modeling.

e 2000—2005: UML 2.0 introduced significant enhancements, providing better support for modeling
complex systems, including improved capabilities for dynamic behavior, architectural patterns, and

real-time systems.

e Present: UML remains a widely adopted standard across industries, with ongoing updates to
adapt to modern software development paradigms, including cloud computing, microservices, and

Al-driven systems.

For the Al-Khabir platform, UML provides a robust framework to model Al-driven matchmaking,
diverse user interactions, and system scalability, ensuring alignment with the project’s goals of digital

inclusion and sustainability.

5.3 Project Presentation

The Al-Khabir platform is a digital service platform designed to modernize Algeria’s artisanal sector.
It aims to connect artisans with customers through Al-driven service matchmaking, thereby addressing
key challenges identified in the literature, such as limited digital access, trust deficits, and economic
inefficiencies prevalent in the informal artisanal market. The platform’s core objectives are structured

around delivering specific value propositions:

e Service Matchmaking: To leverage Al algorithms for intelligent matching of customer needs

with artisan skills and availability, thereby optimizing the service discovery process.

e Trust-Building: To implement robust mechanisms such as transparent review systems, verified

artisan profiles, and secure payment processing to foster trust between all platform users.

e User-Centric Design: To ensure an intuitive and accessible interface that caters to users with

varying levels of digital literacy, promoting ease of use and adoption.

¢ Economic Sustainability: To support artisans’ livelihoods by reducing reliance on intermedi-

aries, expanding their market reach, and providing tools for professional growth.

e Digital Inclusion: To provide mobile-optimized access and simplified digital pathways to effec-

tively bridge the digital divide for artisans across Algeria.
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e Data Management: To utilize Al for efficient and ethical data handling, ensuring user privacy,

data security, and platform scalability.

The platform integrates advanced Al technologies, including personalized recommendation systems
and conversational chatbots, optimized for mobile deployment using MLOps methodologies. This con-
ceptual study employs UML to model these functionalities, providing a clear and systematic blueprint

for the platform’s development and implementation.

5.4 Use Case Diagrams

Use case diagrams capture the functional requirements of the Al-Khabir platform by illustrating inter-
actions between actors (users) and the system. The platform distinguishes between functionalities for

the client-facing application (Expert App) and the artisan-facing application (Craftsman App).

5.4.1 Client App Use Case Diagram (Customer View) This diagram illustrates the
functional requirements of the Al-Khabir platform from the perspective of a **Customer** (the user of
the "Expert App”). It focuses on how customers interact with the system to find, book, and manage
artisanal services, including general interactions and specific features like favoriting and chatting with

an FAQ bot.
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Figure 5.1: Al-Khabir Platform: Use Case Diagram for Client App (Customer View)

5.4.2 Craftsman App Use Case Diagram (Artisan View) This diagram illustrates
the functional requirements of the Al-Khabir platform from the perspective of an **Artisan** (the user
of the ”"Craftsman App”). It focuses on how artisans interact with the system to list their services,

manage bookings, receive payments, and build their online presence.
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Figure 5.2: Al-Khabir Platform: Use Case Diagram for Craftsman App (Artisan View)

5.5 Sequence Diagram

The sequence diagram illustrates the dynamic interactions between objects in the Al-Khabir platform

for specific scenarios, highlighting the flow of messages and the temporal order of operations.

5.5.1 Sequence Diagram Description Scenario 1: Customer Books a Service (as
depicted in textual flow below)

Objects:
e Customer: The user initiating the booking process.
¢ Platform Interface: The user-facing mobile or web application.

¢ AI Recommendation Engine: The component responsible for processing search queries and

generating recommendations.
o Artisan Database: The system component storing artisan profiles and service details.
e Payment Gateway: An external service handling secure financial transactions.
e Artisan: The service provider receiving and confirming the booking.
Sequence of Interactions (for Customer Books a Service Scenario):

1. Customer — Platform Interface: Sends a search query for a specific service (e.g., “pottery repair”).
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2. Platform Interface — Al Recommendation Engine: Forwards the customer’s query for processing.

3. Al Recommendation Engine — Artisan Database: Retrieves relevant artisan profiles based on

query parameters (e.g., location, skills).

4. Artisan Database — AI Recommendation Engine: Returns matching artisan data.

5. Al Recommendation Engine — Platform Interface: Sends personalized service recommendations

back to the interface.

6. Platform Interface — Customer: Displays recommended artisans/services.

7. Customer — Platform Interface: Selects an artisan and initiates the booking process.

8. Platform Interface — Artisan: Notifies the artisan of the new booking request.

9. Artisan — Platform Interface: Confirms availability for the requested service.

10. Platform Interface — Payment Gateway: Initiates the payment process for the service.

11. Payment Gateway — Customer: Requests payment details from the customer.

12. Customer — Payment Gateway: Provides payment information securely.

13. Payment Gateway — Platform Interface: Confirms successful payment.

14. Platform Interface — Customer: Confirms the booking completion to the customer.

15. Platform Interface — Artisan: Sends final booking confirmation to the artisan.

Notes on Sequence Diagrams:

o Lifelines: Represented as vertical dashed lines extending downwards from each object, indicating

their existence over time.

e« Messages: Horizontal arrows between lifelines depict messages or method calls. Synchronous
messages (closed arrowheads) indicate a response is awaited, while asynchronous messages (open

arrowheads) are notifications.

e Activation Bars: Rectangular bars on lifelines indicate the period during which an object is

actively performing an operation.

e Time Flow: Interactions are ordered chronologically from top to bottom.

This sequence diagram captures the dynamic flow of a core platform function, highlighting the role

of Al in matchmaking and the integration of secure payment processing.
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5.6 Textual Description of Key Use Cases

The Al-Khabir platform operates as a digital ecosystem connecting artisans and customers in Algeria’s
artisanal sector. The system begins with user registration, where customers and artisans create profiles
with relevant details (e.g., customer preferences, artisan skills). Customers initiate service discovery
by entering search queries, which the AI recommendation engine processes using data from the artisan
database to deliver personalized suggestions. Upon selecting a service, customers book an artisan,
triggering a notification to the artisan for confirmation. The platform integrates a payment gateway
to process secure transactions, ensuring trust and reliability. Post-service, both parties can provide
feedback, which the Al system analyzes to refine future recommendations. Admins moderate content
to maintain quality and resolve disputes. The platform is designed for mobile accessibility, with AI
models optimized via MLOps for performance and scalability. This workflow supports the platform’s
goals of digital inclusion, economic sustainability, and user-centric design, addressing the identified gaps

in Algeria’s artisanal landscape.

5.6.1 Detailed Use Case: Create a User Profile
a. Use Case Name: Create a User Profile

b. Summary: This use case describes the process by which a new user registers on the Al-Khabir
platform, creating a personalized profile to access services either as a customer seeking artisanal

services or as an artisan offering them.
c. Actors:

— Customer: A user who will utilize the platform to find and book artisanal services.

— Artisan: A user who will utilize the platform to offer their artisanal skills to customers.
d. Preconditions:

— The user does not yet possess an existing account on the Al-Khabir platform.

— The user has active access to the platform via a compatible mobile application or web inter-

face.
e. Postconditions:

— A unique user profile is successfully created and stored in the platform’s database.

— The user is authenticated and granted initial access to platform functionalities corresponding

to their selected role (customer or artisan).
f. Main Scenario:

1. The user initiates the account creation process by accessing the registration interface on the

Al-Khabir platform.
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2. The system presents an interactive account creation form, prompting for essential details in-

cluding name, email address, desired password, contact phone number, geographical location,

and a mandatory role selection (Customer or Artisan).

3. The user accurately completes all required fields in the form, explicitly selecting their intended

role and providing any role-specific information (e.g., an artisan might detail their skills and

services offered, while a customer might specify initial preferences).

4. The system performs an initial validation of the provided information, checking for format

correctness and completeness.

5. Upon successful validation, the system securely creates the new user profile within its central

database.

6. The system dispatches a confirmation message (e.g., an on-screen notification or an email) to

the user, affirming successful profile creation and providing instructions for their initial login.

g. Alternative Flows:

5.6.2

— A3: Invalid or Incomplete Information: If the user submits the form with incomplete,
incorrectly formatted, or invalid information (e.g., an invalid email address, missing manda-

tory fields, or a password that does not meet security criteria):

* The system immediately displays an explicit error or warning message, precisely indi-
cating the fields that require correction (e.g., “Please enter a valid email address” or
“Password must be at least 8 characters long and include a number”).

x The scenario then loops back to step 3, allowing the user to rectify the errors and resubmit

the updated form.

— A4: Existing Account Detected: If the system detects that an email address or phone

number provided by the user is already associated with an existing account:

* The system displays a message indicating that the account already exists and prompts

the user to log in or use the password recovery option.

* The use case terminates, or the user is redirected to the login interface.

Detailed Use Case: Search for Services

a. Use Case Name: Search for Services

b. Summary: This use case enables a logged-in customer to search for artisanal services on the

Al-Khabir platform. It leverages the integrated AI recommendation engine to provide relevant

and personalized suggestions based on the customer’s query and historical preferences.

c. Actors:

— Customer: The primary user initiating the search for artisanal services.
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— AT System: An internal system actor that processes search queries, interacts with the artisan

database, and generates personalized recommendations.
d. Preconditions:

— The customer has an active and verified account on the Al-Khabir platform.

— The customer is successfully logged into their Al-Khabir account.

— The platform’s artisan database contains a sufficient number of registered artisans with rel-
evant and up-to-date service details.

e. Postconditions:

— The customer receives a structured list of relevant artisanal services.

— The search results include Al-generated recommendations that are tailored to the customer’s

specific query and inferred preferences.
f. Main Scenario:

1. The customer navigates to the search interface within the Al-Khabir platform.

2. The system presents an intuitive search form, typically including fields for service type (e.g.,

”on

"plumbing,” "pottery restoration”), desired location, optional price range, and other filters

such as artisan ratings or availability.

3. The customer inputs their search criteria into the form and submits the query.

4. The system securely transmits the customer’s search query to the internal Al recommendation
engine for processing.

5. The AI recommendation engine processes the query, cross-referencing it with the artisan
database and applying sophisticated matching algorithms (e.g., based on skills, location,

past successful matches, and customer preferences).
6. The AI system compiles and returns a ranked list of matching services and personalized

recommendations to the platform interface.

7. The system dynamically displays the search results and tailored recommendations to the

customer in a clear and organized format.
g. Alternative Flows:

— A3: No Results Found: If the Al recommendation engine, after processing the query, does
not find any services or artisans that match the specified criteria:
* The system displays a polite ”"No results found” message.
*x The system may also suggest broadening the search criteria (e.g., removing location
filters, trying a more general service type) or provide links to popular service categories.
* The scenario loops back to step 3, allowing the customer to revise and resubmit their

query.
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— A4: Incomplete or Invalid Search Criteria: If the customer submits the search form
with incomplete or invalid input (e.g., an unsupported location, a vague service type, or

malformed input):

* The system displays an immediate error or warning message, guiding the customer to
correct the input (e.g., “Please specify a valid location” or “No services found; try broad-

ening your search”).

x The scenario resumes at step 3, prompting the customer to revise and resubmit the query.

5.6.3 Detailed Use Case: Book a Service
a. Use Case Name: Book a Service

b. Summary: This use case outlines the process by which a customer initiates and confirms the
booking of an artisanal service from a selected artisan on the Al-Khabir platform. To accommodate
local preferences and enhance trust, payment is primarily handled in-hand (cash or equivalent)

upon successful service completion.
c. Actors:

— Customer: The user who intends to book a specific artisanal service.

— Artisan: The service provider who offers the selected service and will fulfill the booking.
d. Preconditions:

— The customer has an active account and is successfully logged into the Al-Khabir platform.

— The customer has identified a desired service and artisan from the search results or recom-

mendations.

— The selected artisan is currently available to provide the chosen service.
e. Postconditions:

— The service booking is successfully confirmed and recorded within the platform.

— The artisan is formally notified of the new booking and the agreed-upon in-hand payment

method.

— Both customer and artisan receive confirmation of the scheduled service.
f. Main Scenario:

1. The customer selects a desired service from the search results or recommendations displayed

on the Al-Khabir platform interface.

2. The system presents a detailed service overview, including the artisan’s profile, estimated

price, availability, and an explicit agreement for in-hand payment upon service completion.
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3. The customer confirms the booking request, providing any necessary additional details such
as preferred date/time, specific delivery instructions, or special requirements. The customer
explicitly agrees to the in-hand payment arrangement.

4. The system securely transmits the booking request and associated details to the selected
artisan.

5. The artisan reviews the booking request and confirms their availability and acceptance of the
in-hand payment method via the platform.

6. The system then sends a final booking confirmation to both the customer and the artisan,
including a reminder of the agreed-upon in-hand payment process.

7. Upon successful completion of the service, the customer provides payment directly to the
artisan using the mutually agreed-upon in-hand method (e.g., cash).

8. The artisan confirms the successful receipt of payment to the system (e.g., via a confirmation
button or status update in their platform interface).

9. The system updates the booking status to "Completed” and may prompt both parties for
feedback.

g. Alternative Flows:

— A3: Incomplete Booking Details: If the customer submits the booking request with
incomplete or invalid details (e.g., missing preferred date, unclear instructions):

* The system displays an immediate error message (e.g., “Please specify a valid service
date and clear instructions”).

* The scenario loops back to step 3, allowing the customer to correct and resubmit the
booking details.

— A5: Artisan Unavailability /Payment Disagreement: If the artisan is unavailable for
the requested service or does not agree to the proposed in-hand payment method for that
specific booking:

x The system notifies the customer of the artisan’s unavailability or payment preference.

* The system may then suggest alternative artisans who are available and accept in-hand
payment for similar services.

* The scenario then loops back to step 1, allowing the customer to select a different service
or artisan.

— AT7: Non-Payment Upon Completion: If the customer fails to provide the agreed-upon
in-hand payment upon service completion:

* The artisan reports the non-payment issue to the system, which triggers a dispute noti-
fication to the platform administration (Admin).
* The system may temporarily suspend the customer’s ability to book new services and

prompts the customer to resolve the payment issue within a specified timeframe (e.g.,

24-48 hours).
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x If the issue remains unresolved, the Admin moderates the dispute, which may escalate

to account restrictions or permanent suspension for the non-complying party, as per

platform policies.

5.7 Class Diagram

The class diagram provides a static, structural view of the Al-Khabir platform. It illustrates the main

classes, their attributes and methods, and the relationships between them. This diagram serves as a

blueprint for the system’s database schema and object-oriented code structure, detailing how data is

organized and how different parts of the system are interconnected.
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5.7.1 Class Diagram Description The diagram highlights the core entities of the platform

and their relationships:

e User and Craftsman: User is a general class for any individual interacting with the system,
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containing basic profile information. Craftsman is a specialized type of User (indicated by the
inheritance relationship) with additional attributes such as skills, average rating, and a list of

services they provide.

Service: Represents the services offered by a Craftsman. Each service has a name, description,

price, and belongs to a specific Category.

Category: Organizes services into logical groups (e.g., "Plumbing,” ”Electrical Work”), facilitat-

ing search and discovery.

Booking: A central class that connects a User (as a client) and a Craftsman for a specific

Service. It tracks the booking status, confirmed time, and final price.

Review: After a Booking is completed, a client can write a Review, which is associated with that

booking and includes a rating and comments.

Chat and Message: Manages communication. A Chat is established between a client and a

craftsman and contains multiple Message objects.

ChatSummary: An Al-generated entity where the Qwen model summarizes a Chat and saves

the extracted key topics for quick reference.
Favorite: Allows a User to mark a Craftsman as a favorite for easy access in the future.

Notification: A system-generated message sent to a user, for instance, to confirm a booking or

signal a new message.

RecommendationService: A system service, stereotyped as «System Service», responsible for
Al-driven logic. It analyzes various data points (Chat, Review, UserInteraction) to generate

personalized Recommendations.

Recommendation: Represents a specific recommendation (e.g., a suggested service or craftsman)

generated for a User, including a relevance score.

UserInteraction: An analytics entity, stereotyped as «Analytics», that logs key user actions
on the platform (e.g., viewing a profile, saving a favorite). It serves as a primary data source for

the RecommendationService.

5.8 Conclusion

This chapter has presented the conceptual blueprint for the Al-Khabir platform, employing the Unified

Modeling Language (UML) to systematically define its architecture and functionality. Through detailed

Use Case diagrams, we have formally captured the functional requirements from the perspectives

of both the client and the artisan, clarifying the interactions between users and the system. The

Sequence diagrams have illustrated the dynamic behavior of the platform, mapping out the precise
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flow of messages and interactions for critical processes such as user profile creation and service booking.
Additionally, the Class diagram provides a static, structural view of the platform, detailing the core
entities (e.g., User, Craftsman, Service, Booking, and Recommendation) and their relationships, serving
as a blueprint for the system’s database schema and object-oriented code structure.

Collectively, these models provide a clear, structured, and comprehensive design that translates the
project’s core objectives—including Al-driven matchmaking, user-centric design, trust-building, and
digital inclusion—into an actionable software architecture. With this robust conceptual framework
established, the foundation is now set for the technical realization of the platform. The subsequent
chapter, “Implementation,” will detail the process of transforming this design into a functional, high-
performance application, covering the specific technologies, software stack, and development method-

ologies used to bring the Al-Khabir platform to life.



Chapter 6

Implementation

6.1 Introduction

The Al-Khabir platform represents a sophisticated dual-application mobile ecosystem, meticulously en-
gineered to establish a seamless connection between service-seeking clients and skilled craftsmen across
a diverse spectrum of trades, including plumbing, electrical work, and carpentry. This chapter pro-
vides a comprehensive technical exposition of the platform’s implementation, detailing the architectural
choices, development methodologies, and integrated technologies. Our approach emphasizes robustness,
scalability, and an intuitive user experience, adhering to modern industry standards.

The implementation is characterized by:

e A modern Android architecture, primarily leveraging Jetpack Compose for declarative, high-
performance user interfaces that adapt gracefully across devices.

e A scalable and secure backend infrastructure, predominantly powered by Appwrite Backend-as-a-
Service (BaaS), providing essential functionalities such as authentication, database management, and
real-time capabilities.

e Advanced Al-driven features, specifically face recognition, utilizing Keras and convolutional neural

networks (CNNs) to enhance security and user verification processes.

The platform’s development strategy is aligned with industry best practices in mobile development
and cloud computing, specifically addressing the unique domain-specific requirements of service-oriented

marketplaces with a paramount focus on scalability, performance, and user experience.

6.2 Development Environment and Tools

6.2.1 Hardware Infrastructure The development lifecycle of Al-Khabir benefited from a
hybrid infrastructure, strategically combining local workstations with powerful cloud-based resources.
This dual approach was critical in optimizing performance, particularly for computationally intensive
tasks, and ensuring scalability throughout the development and deployment phases.

The cloud infrastructure, notably the NVIDIA Tesla T4 GPU, was instrumental for the distributed
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Table 6.1: Compute Resources Utilized for Development and Model Training

Resource Type Configuration
Cloud (Google Cloud Platform)
- Compute 2x Intel Xeon @ 2.30 GHz
- Memory 12 GB DDR4
- Storage 55 GB NVMe SSD
- Accelerator NVIDIA Tesla T4 (16 GB VRAM)
Local Workstation
- Processor Intel Core i5-10400F @ 2.90 GHz
- Memory 24 GB DDR4 (3200 MHz)
- Graphics NVIDIA GTX 1650 SUPER (4 GB VRAM)
- Storage 1 TB HDD + 512 GB NVMe SSD

training of convolutional neural network (CNN) models. This setup achieved a significant 3.2x per-
formance improvement in training times compared to local resources, thereby enabling rapid iteration,

fine-tuning, and efficient deployment of the platform’s Al-driven features.

6.2.2 Software Stack The technology stack for Al-Khabir was meticulously selected to maximize

developer productivity, ensure high system performance, and facilitate long-term maintainability.

6.2.2.1 Frontend Components

¢ Kotlin 1.8: Adopted as the primary programming language for Android application development.
Kotlin’s modern features, conciseness, and strong type inference contribute to robust and maintain-
able code, significantly reducing common programming errors like null pointer exceptions.

o Jetpack Compose 1.4: The declarative Ul framework chosen for building the Android applica-
tions. Compose simplifies UI development by allowing developers to describe the Ul state, letting
the framework handle rendering and updates, leading to more responsive and maintainable user
interfaces.

e Android Studio Giraffe: The official Integrated Development Environment (IDE), providing com-
prehensive tools and support for Jetpack Compose, including live previews and efficient debugging

workflows, which accelerated Ul development.

6.2.2.2 Backend Services

o Appwrite: An open-source Backend-as-a-Service (BaaS) platform forming the backbone of Al-
Khabir’s server-side operations. Appwrite provides:
— JWT-based Authentication: For secure user management, including registration, login, and
session handling for both clients and craftsmen.
— NoSQL Database: Efficiently stores diverse data types such as craftsman profiles, service listings,
user details, and chat messages. Its flexible schema supports rapid iteration and scalability.
— Real-time Subscriptions: Essential for dynamic updates, enabling instant messaging and live

notifications across the platform.
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e Custom Python API (Flask-based middleware): Developed for specialized backend logic that
extends beyond Appwrite’s direct capabilities, potentially including complex business rules, integra-

tions with external services, or specific data processing tasks.

6.2.2.3 AI/ML Components

¢ Keras 2.12 with TensorFlow backend: The primary framework utilized for building, training,
and deploying the machine learning models, particularly the convolutional neural networks for face
recognition. Keras’s user-friendly API enabled rapid prototyping and deployment.

o Jupyter Notebook: Employed extensively for exploratory data analysis, model prototyping, and

iterative development of machine learning algorithms.

6.2.2.4 Administrative Interface

e Vanilla JavaScript (ES6+): Chosen for its lightweight nature and flexibility, enabling modular
frontend logic for the administrative dashboards.

o CSS3 with Flexbox/Grid: Provides a robust foundation for building responsive and maintainable
layouts, ensuring optimal viewing across various screen sizes for administrative tasks.

¢ Web Components: Utilized for creating encapsulated, reusable Ul elements, enhancing consistency

and development efficiency across different dashboard sections.

Platform Architecture

The Al-Khabir platform employs a modular three-tier architecture, meticulously designed to ensure
clear separation of concerns, enhance system scalability, and facilitate independent development and
deployment of components. This architecture comprises the mobile client and craftsman applications

(Frontend), Appwrite and Custom API (Backend Services), and integrated AI/ML components.

6.2.3 Mobile Applications The platform features two distinct, yet interconnected, mobile ap-
plications tailored for their respective user bases: the Client Application and the Craftsman Application.

Both leverage Jetpack Compose for their Uls and interact with the backend services.

6.2.3.1 Client Application Workflows The client application is designed to provide a compre-
hensive and user-friendly experience. The user interface guides the client through a series of intuitive

workflows for registration, authentication, service discovery, booking, and communication.
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Figure 6.1: User Registration Workflow.

The user registration workflow, illustrated in Figure EI, is a guided, three-step process. It begins
with (left) a standard form for personal data entry, followed by (center) a screen prompting the user to
capture a clear profile picture for identity, and concludes with (right) a screen for capturing a photo of

an official ID card to complete the verification process.
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Figure 6.2: Authentication and Recovery Workflow.

The authentication and recovery workflow is shown in Figure @ This flow includes (left) a clean
login screen for returning users, (center) a modal popup for securely resetting a forgotten password
via an email link, and (right) the main home screen displaying a persistent warning for users with an

unverified email address, enhancing account security.
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Figure 6.3: Profile Management Interface.

Figure @ illustrates the profile management interface. Users are presented with (left) a main profile
screen that serves as a central hub for account settings, which links to (center) a detailed settings menu.
From there, users can navigate to (right) the profile editing screen to update their personal information,

such as name, email, and location.
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Figure 6.4: Booking and Rating Workflow.

The end-to-end booking and rating workflow is depicted in Figure @ The process starts with (left)
a form to create a detailed service request for a specific craftsman, continues with (center) a booking
management screen with "Upcoming’ and "History’ tabs, and finishes with (right) a simple interface for

submitting a star-based rating and optional feedback.
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Figure 6.5: Real-time Price Negotiation Workflow.

Figure @ shows the real-time price negotiation workflow within the chat interface. It shows an
initial price proposal presented as a system message, followed by (center) a modal dialog allowing the
craftsman to propose a new price, and concluding with (right) a conversation summary popup that

confirms the agreement between both parties.
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Figure 6.6: Main User Interaction Screens.

Figure @ displays key user interaction screens. The screen on the left is the Home Screen, which
greets the user and presents craftsman suggestions and service categories for easy navigation. The center
screen shows the Favorites list, allowing users to quickly access their preferred craftsmen. The screen on
the right shows the In-Chat Job Completion workflow, which prompts the user to confirm a completed

job with ’Confirm’ and "Dispute’ options, ensuring a clear final step in the service process.
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6.2.3.2 Craftsman Application Workflows The craftsman application is tailored to empower
craftsmen with tools for managing their services, bookings, and communications, ensuring an efficient

and organized workflow.
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Figure 6.7: Craftsman Dashboard and Profile.

Figure @ illustrates the craftsman’s main dashboard and profile views. The screen on the left is
the dashboard, welcoming the craftsman and showing pending bookings. The center screen provides a
more detailed view with placeholders for monthly booking charts and a list of recent bookings. The
screen on the right is the craftsman’s personal profile, displaying key performance metrics like ratings,

reviews, and completed transactions, along with their personal details.
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Figure 6.8: Craftsman Booking Management Workflow.

Figure @ details the booking management workflow from the craftsman’s perspective. The screen
on the left displays a list of current bookings. Tapping a booking leads to the center screen, which
shows the booking details including the service, preferred time, and location. The last screen shows the

initial interaction in the chat view, where the craftsman has the option to ”"Accept” or "Reject” offer.
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Figure 6.9: Craftsman In-Chat Negotiation and Completion.

Figure @ showcases the negotiation and completion process within the chat for the craftsman. The
screen on the left shows the craftsman proposing a price to the client. The center screen displays a
system message confirming the client has accepted the proposal, and gives the craftsman an option to

"Finish the Job (Proof)”. The screen on the right shows the final confirmation request sent to the client

after the craftsman has submitted proof of completion.
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6.2.3.3 Administrative Interface The platform is managed through a comprehensive web-based
admin panel that provides administrators with the tools to oversee all aspects of the application’s

operations.

Admin Panel Database Users Functions Storage Messaging Reviews Admin Panel Database Users Functions Storage Messaging Reviews

“This frontend calls a backend API (e.g., ) which it s frontend calls a backend API (e.g, ‘htp://localnost:3000/apl...) which securely nteracts with Appwite.
Collections (Database) Functions

Users Craftsmen Chats Push notification with FCM updateFavoritesCount Review
10:users 10:crattsmen 0:chats I 2as3te 06 S—— o

0 documents 0 documents 0 documents o
Messages Bookings Notifications

10: messages 10: ookings 0: notfications

0 documents 0 documents 0 documents

Notification Settings Favorites Reviews

10:notfcation.settngs 10:68408c500T20c 75889 10: 68411c08003637165230

0 documents 0 documents. 0 documents

Figure 6.10: Admin Panel: Database and Functions Management.

Figure showcases the backend management interfaces. The view on the left displays the database
collections, offering an overview of the data structure. The view on the right lists the server-side functions

responsible for tasks like notifications.
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Note:
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Figure 6.11: Admin Panel: User Management.

The user management interface (Figure ) allows an administrator to view, edit, and delete all

registered users on the platform, ensuring full control over the user base.
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Figure 6.12: Admin Panel: Review Moderation Workflow.

The review moderation workflow (Figure ) provides tools for content quality control. The main
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view lists pending reviews, and a modal popup provides detailed information and actions to approve or

reject them.

6.2.4 Backend Services The backend infrastructure, primarily built on Appwrite, provides the

core functionalities and data management for the entire platform.

Role-based Access Control (RBAC): Implemented to securely manage permissions, support-
ing distinct roles for clients, craftsmen, and administrators, ensuring data integrity and preventing
unauthorized access.

NoSQL Document Storage: Appwrite’s flexible database is utilized for storing diverse data, in-
cluding detailed craftsman profiles, comprehensive service listings, user information, and chat message
archives. This NoSQL approach allows for rapid schema evolution and horizontal scalability.
Real-time Event System: Leverages Appwrite’s real-time capabilities to provide instantaneous
updates for critical features like chat messaging and notification delivery, ensuring a dynamic and

responsive user experience.

6.2.5 Al Integration The platform integrates an AI component for enhanced security and iden-

tity verification, specifically a face recognition pipeline optimized for both efficiency and accuracy.

1.

Image Acquisition: High-quality facial images are captured using the Android CameraX API,

ensuring optimal input for the recognition pipeline.

. Preprocessing: Acquired images undergo essential preprocessing steps, including normalization

to a standard scale and facial alignment to consistent anatomical points, minimizing variance and

enhancing model performance.

. Feature Extraction: A specialized 4-layer Convolutional Neural Network (CNN) is employed to

extract robust, discriminative features from the preprocessed facial images. This CNN is trained
using Keras with a TensorFlow backend.

Cosine Similarity Matching: For identity verification, the extracted features are compared against
a database of known features using cosine similarity. A predefined threshold of 0.85 is applied; scores
above this threshold confirm identity, ensuring a high degree of confidence while minimizing false

positives.

— Insert Diagram: AI Face Recognition Pipeline —

6.3 Performance Optimization

To ensure a high-performance and reliable user experience, the Al-Khabir platform incorporates several

advanced optimization techniques across its layers.

6.3.1 Network Layer

OkHttp: Utilized as the underlying HT'TP client for Android, enabling efficient network communi-

cation, supporting features like connection pooling and GZIP compression.
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e HTTP/2: Leveraged for multiplexing requests over a single connection, reducing latency and im-
proving overall network efficiency.

¢ Request Batching: Implemented for operations like profile updates or data synchronization, mini-
mizing the number of distinct API calls and thereby reducing server load and network overhead.

« Exponential Backoff Retry Policy: Ensures resilient network operations by intelligently retrying
failed requests with increasing delays, preventing network saturation during intermittent connectivity

issues.

6.3.2 UI Rendering

e LazyColumn: Employed for efficient rendering of large datasets, such as craftsman listings or
chat histories, by composing only the visible items, significantly reducing memory consumption and
improving scroll performance.

« rememberSaveable: Used for robust state preservation across Android configuration changes (e.g.,
screen rotation), preventing data loss and ensuring a seamless user experience without requiring data
re-fetching.

e Coil: An asynchronous image loading library integrated for memory-efficient and fast loading of
images, such as craftsman profile pictures and category icons, preventing OutOfMemory errors and

enhancing UT fluidity.

6.4 Conclusion

This chapter has provided a comprehensive technical exposition of the Al-Khabir platform, a dual-
application ecosystem meticulously designed to connect clients and craftsmen through a robust, scalable
architecture. By leveraging Jetpack Compose for building highly responsive and intuitive user inter-
faces, Appwrite as the foundational backend-as-a-service for secure data management and real-time
capabilities, and Kotlin as the primary language for application logic, the platform delivers a seamless
and efficient user experience. Furthermore, the integration of Keras for Al-driven face recognition,
supported by the powerful computational resources of Google Cloud Platform for model training,
underscores the platform’s commitment to security and advanced functionality. The system’s modular
design and thoughtfully crafted interfaces—including the intelligent home screen for service discovery,
efficient real-time chat, and administrative dashboards—collectively address the complex needs of a
dynamic service-oriented marketplace. Through the strategic integration of modern development tools
and adherence to best practices in performance optimization, Al-Khabir stands as a reliable, high-

performance solution for facilitating service-based engagements.






General Conclusion

This thesis successfully addressed the significant challenge of modernizing Algeria’s informal and frag-
mented artisanal services sector. The primary objective was to design, develop, and evaluate Al-Khabir,
an intelligent mobile platform engineered to bridge the gap between clients and skilled artisans, thereby
fostering greater market efficiency, trust, and economic inclusion.

The project culminated in the implementation of a sophisticated dual-application ecosystem, metic-
ulously crafted for both clients and craftsmen. By leveraging a modern technology stack—including
Kotlin as the primary language, Jetpack Compose for a declarative user interface, and a robust
MV VM architecture—the platform adheres to contemporary standards for building scalable and main-
tainable mobile applications. The backend, powered by the Appwrite an open source Backend-as-a-
Service platform, provides a secure and scalable foundation for essential services such as user authenti-
cation, data management, and real-time communication.

The core innovation of this work lies in the practical and targeted integration of artificial intelligence.
An Al-driven recommendation system was conceptualized to deliver intelligent and personalized service
matchmaking, moving beyond simple keyword searches to consider nuanced parameters like skills, lo-
cation, and user preferences. Furthermore, to address the critical need for trust, an Al-powered face
recognition for user identity verification.

From the initial conceptual study using UML to the final implementation, the Al-Khabir platform
was designed with a steadfast focus on user-centricity and digital inclusion. Intuitive workflows for
service discovery, real-time price negotiation, and booking management demonstrate a commitment to
creating an accessible and empowering tool for a user base with diverse levels of digital literacy.

In conclusion, the Al-Khabir platform stands as a comprehensive and robust solution that suc-
cessfully integrates advanced mobile development practices and applied artificial intelligence to solve
tangible, real-world challenges. It not only provides a technical blueprint for digitizing traditional service
economies but also serves as a catalyst for promoting the rich cultural heritage of Algerian artisanship
in the modern digital landscape. The work presented here establishes a strong foundation for future
enhancements, including more sophisticated AI algorithms and the expansion into new service domains,

ultimately paving the way for a more connected and efficient service ecosystem.
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