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Prolog

As universities continue to evolve in the digital age, the management of campus resources stands as a
critical component of daily operations, impacting both staff and student activities. Efficient allocation
and utilization of resources, such as campus halls, not only enhance the educational experience but
also streamline the administrative workload. This paper introduces an innovative platform designed
to address the inefficiencies plaguing the traditional methods of booking campus halls at a university.

The development of this platform was initiated to confront and rectify these inefficiencies, introducing
a streamlined and effective system tailored to the unique needs of a university. Traditional methods,
characterized by their lack of coordination, often led to confusion among university personnel and
hampered the effective use of shared spaces.

This thesis will explore the development, implementation, and implications of this booking system.
Through detailed analysis and real-world application, the paper will demonstrate how technology can
effectively replace outdated systems, offering a case study in enhancing administrative efficiency and
user experience in a university setting. The following chapters will delve into the technical archi-
tecture, user interaction, and the broader impact of the system on university operations, providing a
comprehensive overview of a modern solution to an age-old problem.

By examining this transformative approach, the thesis aims to contribute valuable insights into the
discourse on educational technology and administrative efficiency, fostering further innovation and
adaptation in university settings.

* Front-end: dim2409/Booking-Service

* Back-end: loatsi/BookingServiceBackend

* Live: booking.iee.ihu.gr
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Summary

This paper details the conceptualization and development of a digital booking platform specifically
tailored for managing the reservation of campus halls within a university setting. The project ad-
dresses prevalent inefficiencies in resource scheduling and seeks to provide a structured, secure, and
department-specific solution that leverages university credentials for access management and conflict
resolution.

The research employs a theoretical approach, grounded in systems analysis and design methodolo-
gies, to construct a platform that integrates seamlessly with existing university administrative struc-
tures. The system’s architecture enhances security, confidentiality, conflict resolution and ease of use,
significantly streamlining the booking process compared to traditional methods.

In conclusion, this paper highlights the transformative potential of digital solutions in streamlining ed-
ucational administrative processes. It suggests that the strategies outlined could be applied to broader
resource management challenges within universities. It provides insights into the efficacy of the de-
veloped booking platform and offers proposals for its improvement. It underscores the potential of
digital solutions to refine administrative processes within educational institutions.
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Abstract

EN

This thesis explores the development and implications of a new digital booking system designed to as-
sist and facilitate the management of campus hall reservations within a university setting. The primary
objective of this project is to replace outdated administrative processes with a streamlined, secure,
and user-friendly digital platform. This project was developed using a theoretical approach grounded
in systems analysis and design methodologies to architect a solution that leverages existing university
administrative structures, ensuring confidentiality and reducing booking conflicts.

The study establishes that the platform effectively addresses the identified inefficiencies in hall reser-
vation processes by providing a structured, secure, and department-specific scheduling system. This
has significant implications for improving administrative operations in educational settings, show-
casing the potential for digital solutions to improve efficiency and user experience within university
administration. The work contributes to the field by demonstrating how targeted digital solutions can
transform university administration and by proposing further system development.

EL

H tapotioa dtatpiPn eEeTalel TV 0VATTUED KOL TLG ETLITTMOELG EVOG VEOU P1PLAKOV GUOTNUOTOG
KPATNONG, OYXESLOLOUEVOL YLO. VO, BEATLOOEL TN SLOLELPLON TWV KPOTNOEWV cBovomy 0T0 TAULOLO
£VOg TAVETLOTNULOV. O KUPLOG 0TOYOG BUTOV TOU £DYOV ELVOL 1] AVTLKATAOTOON TOV TTOPWYNUEVDY
SLOLKNTLKMV SLOSLKAOLMDVY UE L0 0LOQPOAT KOL PLALKT) TTPOG TOV XPNOTN YNeLokn hotgopuo. To
£pY0 aUTO 0ELOTTOINOE Lo OEWPNTLKY) TPOCGEYYLON PBOOLOUEVT] 08 UEBOSOLOYLEG AVAALONG KOl
OYESLAOUOV GUOTNUATWYV VL0, VO dNULOVPYNOEL oL ADOT TOU EVOMUATHOVETOL OTLG VITAPYOVOES
SLOLKNTIKEG SOUEG TOV TTUVETLOTNOV, EEACPAMTOVTOG TNV

EUTLOTEVTIKOTI|TO, KOLL LEUDVOVTAG TLG OUYKPOVOELG KPATHOEWYV.

H pehétn Swwtotmver OTL 1) TAOTQOPUO. OVTLUETOIULEL TO VTOPYOVTO UELOVEKTIUOTOL
oTLG dLadLkaoleg KpAtTnong albovomv TOPEXOVTAG EVO SOUNUEVO, OOQPAAEG KOL ELOLKA
TPOCUPUOOUEVO CVOTNUO. AVTO €YEL ONUOVILKEG ETITTOOELG 0T BEATLMON THG SLOLKNTLKNG
AELTOVPYELAG, OVOOELKVIOVTOG TN SUVATOTNTO TV YNPLOK®OV AMIOEWV VA EVIOYVOOVV TNV
OTTOSOTLKOTITA KO TNV EUTTELPLO. TWV YPNOTMV 0T SLOLKNON TOV TTAVETLOTI|ULWDV.



H gpguva ouuBAarleL GTOV TOUED, OELYVOVTAG TTMG OL OTOYEVUEVEG PNPLOKEG AMIOELG WITOPOVV VO
UETAUOPPDOOVV T SLOLKNOT TWV TTAVETLOTNULOV KOL TIPOTELVOVTOG BEATLDOELS YLOL TEPUUTEPM
AVATTUET TOV CUOTHUATOG,.
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Chapter 1

Technology Analysis

In the rapidly evolving field of web development, choosing a framework significantly influences the
architecture, sustainability, and user experience of applications. A framework, by definition, serves
as a foundational structure designed to support the development of software applications. It provides
a pre-defined skeleton or template which developers can modify selectively by adding or customizing
features. This approach utilizes common resources such as libraries and toolkits, ensuring consistency
across different parts of the application.

When developing a robust web application, the choice of technology stack—Angular for the frontend
and Laravel for the backend was crucial. These frameworks were not selected at random; instead,
they were chosen based on specific criteria that align with the long-term goals and functional needs
of the project. This section of the paper will delve into the reasons behind the selection of these
technologies, comparing them against other popular frameworks based on several critical criteria:
community support, ease of migration, and performance.

1.1 The Role of Frameworks in Web Development

Frameworks simplify the development process by providing a generic, yet customizable system. De-
velopers can build upon the base functionality provided by the framework, focusing on adding unique
features rather than reinventing common functionalities. This not only accelerates the development
process but also reduces costs by minimizing the effort needed to create complex functionalities from
scratch. The structured nature of frameworks ensures that applications are built with clean, maintain-
able code that adheres to industry standards, guaranteeing reliability and scalability.

Moreover, frameworks dictate the flow of control within the application, meaning they manage the
order of processing. This inversion of control simplifies the management of dependencies and the
execution flow, particularly in complex applications that handle multiple user interactions and data
transactions, such as a booking system.
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1.2 Criteria for Framework Evaluation

The criteria selected for evaluating web development frameworks in this project are foundational to
its success and sustainability:

e Community Support: An active community is paramount to the longevity of a framework.
Community support ensures that the framework stays updated with the latest web standards and
security patches. It also provides a reservoir of resources for troubleshooting, shared knowl-
edge, and pre-built modules or plugins, which are crucial for extending the functionality of the
application over time.

» Ease of Migration: The ability to adapt to evolving needs without extensive overhauls is es-
sential for any application expected to serve over a long period. Frameworks that allow easy
migration to newer versions without significant downtime or rewriting of code stand out as
particularly suitable for an educational institution’s dynamic environment. This involves fewer
dependencies and a modular architecture that can evolve as needs change.

* Performance: For an application expected to handle multiple simultaneous user requests, such
as booking and managing events, performance is a critical measure. A framework that can
handle high loads, process requests efficiently, and provide rapid responses enhances user sat-
isfaction and contributes to the overall success of the application.

1.3 Structure of the Analysis

This analysis will compare Angular and Laravel with their contemporaries, dissecting how each crite-
rion has influenced the choice of these frameworks for the development of the service. By examining
these frameworks under the lenses of community support, popularity, migration ease, and perfor-
mance, this section aims to provide a comprehensive understanding of why Angular and Laravel were
the optimal choices for this project.

1.4 Frontend Frameworks Comparison: Angular, React, and
Vue

As web technologies continue to evolve, the decision of selecting the right frontend framework be-
comes pivotal for the success of any web application. The development of the service, designed to
manage bookings for campus halls through a dynamic calendar interface, brings unique challenges
that require careful consideration of the framework’s features. This section will explore and compare
three leading frontend technologies: Angular, React, and Vue, focusing on their community support,
performance, and code stability.
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1.4.1 Why Compare Angular, React, and Vue?

Angular, React, and Vue stand out in the web development landscape for their capabilities and widespread
adoption. Each offers distinct advantages and caters to different development philosophies and project
requirements [[1].

Angular

* Launched by Google in 2010 [2]

* Structured and extensive community support system [|1]

* Over 1.7 million developers and contributors [2]

* Strong online presence with forums, blogs, tutorials, and courses [|1]
* Comprehensive and regularly updated documentation [[1]]

* Rich set of development tools like Angular CLI [2]

React

* Developed by Facebook in 2013 []1]]

» Large ecosystem with independent developers and agencies [|1]

¢ Extensive contributions on GitHub [3]

* Abundance of resources including tutorials and start-up projects [3]

* Online support through forums, Stack Overflow, and social media [4]

* Created by Evan You in 2014 []1]]

* Exponential growth in community [|1]

* Smaller but open and inclusive community [5]

» Highly active on GitHub [3]

* Rich ecosystem of plugins and companion libraries [3]

* (lear and thorough documentation [[1]]
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1.4.2 Community Support
Angular

Launched by Google in 2010, Angular offers a structured and extensive community support system.
With over 1.7 million developers and contributors, Angular enjoys a vast online presence, including
forums, blogs, tutorials, and courses. Its documentation is comprehensive and regularly updated.
Additionally, Angular offers a rich set of development tools like Angular CLI [2].

React

Developed by Facebook in 2013, React has a large ecosystem with contributions from independent
developers and agencies. The framework sees widespread activity on GitHub and provides a plethora
of resources, including tutorials and start-up projects. Online support is available through forums,
Stack Overflow, and various social media platforms [#4].

Vue

Created by Evan You in 2014, Vue has experienced exponential growth in its community. While
smaller compared to Angular and React, Vue’s community is open and inclusive, with high activity on
GitHub. Vue benefits from a rich ecosystem of plugins and companion libraries, and its documentation
is clear and thorough [5].

Table 1.1: GitHub Repository Metrics
Angular React Vue

Stars 83.9k 7.9k 32.7k
Forks 22.2k 6.4k 5.9k
Watchers 3.1k 199 746

Contributors 1614+ 1622+ 332+

1.4.3 Ease of Migration

This section evaluates the ease of migration for Angular, React, and Vue, examining their approaches
and tools for managing upgrades.

Angular

Angular, developed by Google, underwent a significant redesign with Angular 2+ in 2016, marking
a transition from Angular]S to a more robust framework using TypeScript. This shift was strate-
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gic, positioning Angular for long-term viability. Angular’s release cycle is highly structured, offering
major updates every six months with backward compatibility guarantees, ensuring smooth transi-
tions between versions. Additionally, Angular follows a long-term support (LTS) model, providing
essential updates and security patches for older versions for extended periods, thus offering stability
and reliability. The Angular CLI plays a pivotal role in simplifying upgrades by automating tedious
tasks, checking for common errors, and offering recommendations for necessary changes, ultimately
minimizing disruptions and reducing migration risks. This comprehensive approach to version man-
agement and tooling support makes Angular particularly suitable for enterprise-level applications and
complex projects requiring a strategic and forward-thinking migration approach [2].

React

React, developed by Facebook, adopts a flexible approach to migrations by ensuring backward com-
patibility with its library updates, allowing developers to adopt new features without immediate over-
hauls of existing code. The use of codemods assists in this process by automating the refactoring of
code to new patterns, facilitating periodic updates with minimal disruption. While React’s flexibility
is advantageous for many projects, it can lead to ambiguity in larger, more structured projects where
consistent behavior across versions is crucial. Developers are tasked with devising careful migration
strategies to ensure that component updates do not introduce unexpected issues, requiring meticulous
planning and execution to maintain stability and consistency [4].

Vue

Vue, known for its developer-friendly approach, offers clear and detailed upgrade paths, making mi-
grations generally straightforward and accessible. The framework’s design allows for incremental
adoption, beneficial for projects requiring gradual integration or updates, enhancing flexibility and
developer convenience. Vue’s community provides extensive documentation and tools like the Vue
CLI to support migrations, ensuring developers of all skill levels can navigate the process effectively.
However, Vue’s relatively smaller ecosystem and lighter touch approach may necessitate more hands-
on management during migrations, especially for larger scale applications. Developers may need to
invest additional effort to maintain consistency and stability compared to Angular’s comprehensive
features and enterprise-focused tooling [J].

1.4.4 Performance

This section analyzes the performance characteristics of Angular, React, and Vue, considering factors
such as rendering efficiency and scalability.
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Angular

Angular is a TypeScript-based framework known for its comprehensive approach to building appli-
cations. It employs a full-fledged MVC architecture, effectively separating concerns for fine-tuned
control over application behavior and rendering. A standout feature is Ahead-of-Time (AoT) compi-
lation, which converts TypeScript and HTML into efficient JavaScript during build time, significantly
improving startup speed and responsiveness. It also supports Server-Side Rendering (SSR) through
Angular Universal, enhancing perceived load time and aiding SEO by rendering applications on the
server [2].

React

React uses a Virtual DOM for efficient component updates by recalculating differences before ren-
dering. Its component-based architecture and JSX integration allow for dynamic user interface de-
velopment in the same file as JavaScript logic. Performance efficiency often depends on application
complexity, with initial load times potentially lagging behind Angular’s AoT compilation. React’s
flexibility and less opinionated structure may lead to varied implementations and efficiency levels,
impacting performance predictability [4].

Vue

Vue offers efficient performance through its Virtual DOM and reactive data binding system, suitable
for small to medium-sized projects. Performance remains commendable due to its simplicity and
minimalistic approach, tracking dependencies for selective re-rendering. However, scalability may
pose challenges, particularly in larger applications with complex state management and frequent DOM
updates. The lack of built-in mechanisms like AoT compilation, as in Angular, may impact initial load
time and runtime efficiency in very complex applications [5].

1.5 Front-end Conclusion

This analysis assesses web development frameworks for a university event booking platform, con-
cluding that Angular is the most appropriate choice. This decision is based on a detailed evaluation
of community support, migration ease, and performance. Below are the key factors that substantiate
Angular’s suitability for this project:

e Community and Support: Angular is developed and maintained by Google, which provides
a significant advantage in terms of reliability and ongoing development. The framework has
a large and active community which contributes to its vast array of learning resources, and
tooling, notably the Angular CLI. This extensive support system ensures Angular’s viability and
continuous improvement, crucial for maintaining an operational booking system.
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Categories Angular React Vue
Type Framework Rich library to Library
create Ul
Maintained By Google Facebook Evan You and
core team
Initial Release September 2016 | March 2013 February 2014
Development Based on Based on Based on HTML
Approach TypeScript JavaScript and JavaScript
Ideal For Large-scale apps | User interfaces Single-page apps
with rich features | based on Ul
components
Developer- Structure-based Ensures flexible Focuses on the
friendly approach development separation of
concerns
Written In TypeScript JavaScript JavaScript

Table 1.2: Comparison of Angular, React, and Vue

* Migration Strategy: Angular offers a structured approach to upgrades and migrations, fea-
turing regular release cycles and backward compatibility. Its long-term support (LTS) model
provides essential updates and security patches for older versions, minimizing the impact of
upgrades on existing system functionality. This approach reduces the risks and costs associated
with maintaining the system, making Angular suitable for long-term projects within dynamic
environments like universities.

* Performance Capabilities: Angular is equipped to handle complex applications through mech-
anisms like Ahead-of-Time (AoT) compilation, which optimizes the application’s performance
by compiling TypeScript and HTML into JavaScript during the build phase. Angular also sup-
ports Server-Side Rendering (SSR), enhancing load times and search engine visibility. These
features are critical for ensuring that the booking system operates efficiently under varying load
conditions.

* Framework Completeness: Angular provides a complete solution for application develop-
ment, which includes built-in capabilities for managing forms, routing, and state. This reduces
the need to integrate multiple external libraries and simplifies overall system maintenance. For
a university setting, where resource constraints are common, Angular’s all-in-one nature allows
for more streamlined development and lower long-term maintenance costs.

* Stability and Scalability: Angular’s enterprise-level features ensure that the booking platform
is both stable and scalable. This framework is capable of supporting the platform’s growth and
the integration of new features as needed. Angular’s stability and capacity for expansion make
it a strategic choice for educational institutions planning for future enhancements.

In summary, Angular is identified as the most fitting framework due to its robust support network,
efficient migration strategies, performance optimization, and comprehensive development tools. An-
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gular’s features align well with the university’s requirements for a sustainable, adaptable, and efficient
system, making it the recommended choice for this project.

Question Angular | Vue.js | React.js
Is only js import sufficient to get started? No Yes Yes
Server-side rendering Yes Yes Yes
The ability to write and maintain a large quantity of complex code Yes Partly Partly
Should the developer rely on third party packages? No Partly Yes
Data state management Yes Yes Yes

Table 1.3: Comparison of Angular, Vue.js, and React.js

1.6 Backend Frameworks Comparison: Laravel vs. Node.js

In the realm of web development, selecting the right backend framework is crucial for the successful
implementation and long-term maintenance of web applications. For our university booking system,
which requires robust, reliable, and scalable solutions, the choice of backend technology is especially
significant. This comparison evaluates Laravel and Node.js, two leading technologies with distinct
approaches and capabilities.

1.6.1 Community Support
Laravel

Founded by Taylor Otwell in 2011, Laravel has quickly grown to become one of the most popular PHP
frameworks. Extensive and active community contributes to a broad range of robust packages and
tools, evident in its vibrant forums and social media presence. Rich educational resources, including
comprehensive and regularly updated official documentation, extensive video tutorials from Laracasts,
and a plethora of blogs and online courses [6] [7].

Node.js

Launched in 2009 by Ryan Dahl, Node.js has a vast and diverse community due to its use of JavaScript,
one of the most widely used programming languages. Largest package manager (npm) hosts thousands
of open-source libraries which foster a rich development environment and a wide array of tools and
plugins that enhance productivity. Highly active on GitHub with a significant number of contributors
continually improving the core and its peripherals, ensuring that new features and optimizations are
regularly available. Wide range of learning materials available including official documentation and
courses tailored to different expertise levels [§] [9].
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1.6.2 Performance
Laravel

Processing Model: Laravel uses a synchronous processing model, which processes tasks sequentially
within its PHP environment. This model can introduce latency but is supported by Laravel’s cache
system that can speed up responses for frequent requests. Tools for Optimization: Laravel includes
features such as caching, queuing, and session management, which are designed to improve perfor-
mance under load. Its architecture also supports horizontal scaling, allowing it to manage increased
loads by distributing them across multiple servers. Database Interaction: Laravel’s Eloquent ORM fa-
cilitates database queries with concise syntax, which can speed up development. View Compilation:
Laravel’s Blade templating engine precompiles views into plain PHP, caching them until they change,
which minimizes overhead on subsequent requests [6] [[10].

Node.js

I/0 Model: Node.js operates on an event-driven, non-blocking I/O model, enabling it to handle mul-
tiple requests concurrently. This model is effective for applications that require high concurrency
and real-time data interaction. Execution Engine: Node.js utilizes the Google V8 JavaScript engine,
which compiles JavaScript directly into machine code. This feature enhances execution speed, par-
ticularly for processing numerous requests simultaneously. Microservices Architecture: Node.js is
suited for microservices architecture due to its lightweight and efficient execution, which allows dif-
ferent parts of an application to scale independently. Real-time Capabilities: Node.js is optimal for
applications that need to manage a lot of real-time data, such as applications involving web sockets
for live interactions [8] [9].

1.6.3 Code Stability and Maintainability

Laravel

Structured MVC Architecture: Laravel follows the Model-View-Controller (MVC) architecture, which
helps in organizing code in a structured way. This separation of concerns facilitates easier mainte-
nance and debugging, as developers can focus on specific areas of the application without impacting
others. Convention Over Configuration: Laravel’s philosophy of convention over configuration means
many decisions are predefined by the framework. This reduces the amount of boilerplate code devel-
opers need to write and maintain, leading to a more stable codebase. Built-in Tools: Laravel provides
several built-in tools for common tasks such as migration, testing, and routing. These tools are tightly
integrated and maintained as part of the framework, ensuring consistency and reducing the likelihood
of conflicts that can arise with third-party plugins. Comprehensive Documentation and Community
Best Practices: Laravel’s extensive documentation and community-driven best practices guide devel-
opers in writing consistent, secure, and maintainable code. This support helps in maintaining code
quality, especially as new developers join the project [6] [7].

10
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Node.js

Modular Design: Node.js encourages a modular design through its extensive use of packages via npm.
While this can enhance flexibility and customization, it may also lead to challenges in maintainabil-
ity due to dependency management and version control issues. Asynchronous Programming Model:
Node.js’s asynchronous programming model can complicate code maintenance, especially for those
not familiar with JavaScript’s callback and promise patterns. This model can lead to "callback hell,”
where nested callbacks result in complex and hard-to-maintain code. Dynamic Typing: JavaScript’s
dynamic typing can lead to more runtime errors and less predictable code behavior, which can affect
stability. This issue can be mitigated by using TypeScript with Node.js, but it requires additional
setup and maintenance. Community and Ecosystem: The vast Node.js community provides numer-
ous packages that can solve almost any problem; however, the quality and longevity of these packages
can vary. Developers must carefully manage package selection and updates to maintain code stability

[LLT [8].

1.6.4 Scalability
Laravel

Queue System: Laravel includes a built-in queue system that helps defer the processing of a time-
consuming task until a later time, which can improve request handling and user response times. This
feature is vital for operations that can be processed in the background, enhancing the application’s
scalability. Caching Mechanisms: Effective use of caching can significantly reduce the load on the
application, thereby improving response times and scalability. Laravel supports popular cache back-
ends like Redis and Memcached directly, which can be essential for scaling applications. Database
Indexing and Eloquent ORM: While Eloquent ORM makes database interactions easy and readable,
Laravel also supports advanced features like indexing, which can optimize query performance and
scalability when handling large volumes of data [6] [[10].

Node.js

Non-blocking and Asynchronous Nature: Node.js excels in scalability due to its non-blocking and
asynchronous I/0 model. This allows Node.js applications to handle a large number of simultane-
ous connections with low overhead, making it ideal for real-time applications that require intensive
I/O operations. Microservices Architecture Compatibility: Node.js is well-suited for microservices
architectures, which are inherently scalable. Different components of the application can be scaled in-
dependently based on demand, which is efficient for managing resources and can improve application
performance and resilience. Load Balancing: Node.js can be integrated with load balancers to dis-
tribute incoming network traffic across multiple instances. This distribution helps in handling more
requests simultaneously, enhancing the application’s ability to scale. Community and Third-party
Tools: The vast Node.js community offers a plethora of tools and libraries that support scalability.

11
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These tools can help in monitoring, logging, and dynamically scaling applications based on the load

[L1] [8].

Feature Laravel Node

Created 2011 2009

Category Language (PHP) Framework JavaScript Runtime Environment
Ease of Coding Concise Long

Popularity 0.35% websites 4.2% websites

Engine Blade Template Engine Google’s V8 JavaScript

Package Manager Composer Package Manager Node Package Manager (npm)
Execution Synchronous Asynchronous

Execution Speed  Powerful and lightweight Faster and lightweight
Concurrency Multi-threaded blocking I/0 Event-driven non blocking I/0
Performance Slower Faster

Web Server Doesn’t require Apache and IIS

Database 4 (MySQL, PostgreSQL, SQLite, SQL) Relational and Conventional
JSON json.encode JSON.stringify() and JSON.parse
Latest Version Laravel 9 Node 18.3.0

Community Small but rising; shares PHP community Vast online community

Table 1.4: Comparison of Laravel and Node

1.6.5 Conclusion: Why Laravel Over Node.js

Selecting the right backend framework for the university booking system required a thorough exami-
nation of both the technical requirements and the strategic needs of the application. After a detailed
comparison between Laravel and Node.]s, it became evident that Laravel is the more suitable choice.
The decision was guided by several key factors that align closely with the operational, developmental,
and maintenance goals of the project. 1. Structured and Maintainable Codebase 2. Long-Term Main-
tainability and Stability 3. Scalability Aligned with System Needs 4. Performance and Efficiency 5.
Development and Operational Cost 19 Chapter 2. Technology Analysis In conclusion, while both Lar-
avel and Node.js are capable frameworks with their respective strengths, Laravel’s advantages in terms
of code maintainability, structural integrity, scala- bility appropriate to the project’s needs, and lower
overall cost make it the optimal choice for the university booking system. This decision supports the
system’s requirements for a stable, maintainable, and scalable application, ensuring it remains robust
and functional as it evolves to meet future demands. This strategic choice aligns with the project’s
goals of long-term viability and ease of management, ensuring that the system continues to serve
effectively, with minimal disruption and high reliability.
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Problem Analysis

2.1 Current Booking Management System

The university currently relies on an Excel spreadsheet for managing bookings of campus halls. This
spreadsheet is accessible to all university staff.

2.1.1 Spreadsheet System Efficiency

» Users manually register hall reservations, leading to inefficiencies and potential errors due to
the volume of scheduling data.

» Without proper calendar tools, users struggle to manage bookings, risking booking conflicts and
underutilization of resources.

* The lack of information about event types and expected attendance complicates the prioritiza-
tion of bookings and hall selection.

2.1.2 Conflict Management

* Conflicts between multiple bookings for the same hall are common and identifying them re-
quires manual detection in the spreadsheet, leading to inefficiencies.

* Resolving conflicts involves communication among staff members and the secretary’s office,
which is time-consuming and uncoordinated.

13
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2.1.3 Recurring Bookings and Administrative Oversight

* Manual registration of recurring bookings is inefficient and prone to errors as there is no central-
ized system that can handle recurring bookings efficiently and provide administrative oversight.

» The absence of moderators overseeing the system results in arbitrary alterations by staff mem-
bers.

The current system leads to issues in managing bookings and confusion among users. Lack of proper
tools for calendar management, conflict detection, and administrative oversight exacerbates the inef-
ficiencies. By analyzing the current booking management system, it’s evident that there are several
shortcomings that hinder efficient scheduling and conflict resolution. The proposed system aims to
address these issues by introducing a comprehensive solution that offers enhanced functionalities for
users and administrators alike.
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System Solution for Reservation Conflict
Management

3.1 Introduction

In order to solve the above mentioned reservation and conflict management problem of the department,
a system solution was proposed. The system in question is the subject of this paper and it aims to
aid administration as well as faculty to make better use of the communal lecture halls. To achieve
this, the booking system was designed to have two main functionalities. One that would allow users,
depending on their type, to peruse a calendar with listings of all the lectures and events happening in
campus halls across campus as well as make their own reservations and host these lectures or events.
This would consist of the client side of this system and solve half the problem by creating a central
hub that informs the public of the campus time slot schedule when it comes to conference halls. In
addition it would provide a convenient portal between the faculty that want to reserve these halls
and the administration. The other functionality concerns the management side of this system that
would allow the administrations to manipulate the schedule of the hall time slots according to demand
and need. Also, to correctly inform these management decisions the system would provide relevant
statistics about the kind and frequency of use for each hall thus allowing management to determine
the best schedule configuration at each given time.

Furthermore, one of the most significant purposes of this system is to offer a better alternative solution
to the existing one. Therefore the system had to also be capable of detecting timing conflicts between
bookings, as well as provide a simple and efficient way of resolving them. We believe that we have
achieved this through the development of the web app this paper pertains to and will further explain
its use and construction below.
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3.2 Similar Solutions

Several existing solutions were examined as potential solutions, with their various features tailored
to different needs. Understanding these systems helped in identifying the gaps and justifying the
development of a custom solution that caters to specific requirements such as security, functionality,
and adaptability.

3.2.1 Microsoft Calendar

Accessible through platforms like Delos365 for users with academic credentials, Microsoft’s Calendar
[12] is a prominent solution for similar cases. With seamless integration with other Microsoft Office
tools, it provides scheduling features, reminders, and collaboration capabilities. However, it is not a
custom application, and this lack of customization can be a limitation for specific use cases. The rigid
structure may not adapt well to specialized needs, and the reliance on Microsoft’s ecosystem could
pose security and accessibility concerns.

3.2.2 SuperSaaS

SuperSaasS [|13] offers a comprehensive scheduling platform with a wide array of features. This service
supports various types of bookings, user management, and payment processing, making it suitable
for both educational and commercial purposes. Despite its versatility, SuperSaaS might not meet
all the unique requirements of an academic environment. The general-purpose design can lead to
unnecessary complexity and potential security vulnerabilities.

3.2.3 Google Calendar

Google Calendar [14] is a widely-used tool with user-friendly interface and integration with Google
services. It supports recurring events, detailed scheduling, and sharing options, making it a popular
choice for personal and professional use. Nonetheless, its limitations include dependency on Google’s
infrastructure and a lack of specialized features as well as rigidity on its account based structure. These
limitations make it impossible to be used as a solution for the concerning problem.

3.2.4 Justification for a Custom Booking System

The existing solutions, while functional, often fall short in areas crucial for a specialized booking
system. Key factors necessitating a custom solution include:

 Security: Ensuring data privacy and secure access control is essential, especially in this academic
settings where sensitive information is handled.
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* Functionality: Custom features tailored to specific needs, such as room based structure and
specialized user roles are essential for optimal performance.

» Adaptability: The ability to adapt the system to evolving requirements without being constrained
by a third-party platform’s limitations is crucial for long-term sustainability.

* Cost: A custom solution can be more cost-effective in the long run by eliminating subscription
fees and allowing for targeted investments in necessary features.

* Data Ownership: Having control over the generated data over time will allow for unique as-
sessments in the efficacy of management and provide insights otherwise impossible without a
specialised solution.

By developing a custom booking system, we address these critical aspects, providing a tailored solution
that enhances efficiency, security, and user satisfaction. This approach ensures that the system evolves
in alignment with specific needs and institutional policies.

3.3 Objectives

The main objectives of the proposed system are as follows:

* Help administration and faculty optimize the use of communal lecture halls.

* Provide users with the ability to view event calendars, make reservations, and host events.
* Assist administration in scheduling hall time slots based on demand and need.

* Provide relevant statistics to inform management decisions.

* Detect and resolve timing conflicts across bookings efficiently.

3.4 Functionalities

The proposed system offers two main functionalities:

1. User Functionality: Allows users to browse event calendars, make reservations, and host events.

2. Management Functionality: Enables administration to alter schedule hall time slots and access
relevant statistics.
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3.5 First Functionality: Calendar and Booking

In order to fulfill the first purpose of this system a calendar component is required, in particular
one that is capable of showcasing multiple events per day as well as allowing for the insertion of
additional components on top of it that inform the user further with details for each given event. The
user should be able to traverse through months and have a complete view of past present and future
events. They should be able to see the specific time each event will take place along with any other
relevant information. This functionality would be available to all users regardless of role and would
constitute the central hub of information regarding the conference hall schedule. The next part of this
functionality provides the ability to schedule a booking and is meant for faculty users who want to
make use of the campus conference halls. The faculty user should be able to navigate the calendar and
choose the day and time that fits their needs and then schedule an event for that date and time. They
should be able to add relevant information and pick any room they please as well as have the option
to create a recurring event across multiple rooms and days of the week as well as on different times.

3.5.1 Calendar Display

The calendar component should fulfill the following requirements:

* Showcase multiple events per day.

Allow for the insertion of additional components for event details.
» Enable users to traverse through months.

* Provide a complete view of past, present, and future events.

3.5.2 Booking

The booking feature is meant for faculty users who want to make use of the campus conference halls.
Faculty users should be able to:

* Navigate the calendar.

* Choose the day and time that fit their needs.

¢ Schedule an event for the selected date and time.

Add relevant information to the event.
* Pick any available room.

* Optionally, create recurring events across multiple rooms, days of the week, and different times.
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This feature grants faculty users complete freedom of choice for their events and puts the burden of
resolving any occurring conflicts on the system and the managing administration. It encourages more
event activity throughout the campus and increases the usage of all conference halls.

3.6 Second Functionality: Management and Conflict Resolution

The second functionality concerns the managing administration. Having the burden of resolving the
oncoming conflicts the system should assist and provide a powerful tool in the resolution of conflicts
and management of the conference hall time schedule.

3.6.1 Booking Oversight

Each room within the booking system would have overseeing moderators. These moderators should
have access to view all pending and approved bookings, along with relevant information such as the
room, date and time of the event, and the user who made the request.They should be able to add to,
edit, approve or reject any of the existing bookings and thus have complete ability to alter the existing
state of the calendar schedule when it comes to the room they moderate.

3.6.2 Conflict Detection and Resolution

Additionally and more importantly the system should be able to detect upon the creation or editing of
an event whether a conflict occurs with any existing bookings. If so it should separate these bookings
and allow the moderator to resolve the conflict in any of the following ways:

» Separate conflicting bookings and present them to the moderator for resolution.

* Allow the moderator to choose from the following conflict resolution options:

1. Keep any of the conflicting bookings and reject the rest.

2. Edit conflicting bookings and move them to a different time slot or room to resolve the
conflict.

3. Utilize a combination of the above two methods for conflict resolution.

It is important to note that the system must be able to detect and inform of any conflicts that arise
when the moderator edits the bookings so as to avoid the creation of even more conflicts.
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3.6.3 Database Integration for Statistic Charts

An important addition to this functionality involves leveraging the system database to provide useful
information to moderators about the frequency and state of bookings in their relevant rooms. This is
achieved through dynamic statistic charts, which should provide the following information:

* Booking frequency of each hall based on a time range (e.g., hour of day, day of week, etc.).
* Frequency of the duration of bookings in a given room based on a time range.

* Occupancy rate for a hall in a range of time, calculated by the amount of time a hall is or is not
available for booking compared to its total capacity for booking in a given time range.

These statistics should be presented with the option to dynamically change the sample in order to avoid
and filter for extenuating circumstances such as periods with extreme amounts of activity or extreme
lack there of. The information provided by these charts would allow the moderators to make informed
decisions when it comes to managing the schedule, determine which rooms are over or under utilized
and which time periods tend to be free so as to provide a convenient slot to place conflicting bookings.

3.6.4 Solution Conclusion

Thus in conclusion the system will holistically act as the solitary portal to inspecting the campus event
schedule as far as it concerns the conference halls from the side of the attendees. It will act as the portal
to request the reservation of the space of a campus conference hall from the side of the event organizer
whether that be faculty or administration. And thirdly, it will act as a tool that the administration can
use to both manage the space and time slots of campus conference halls as well as determine the state
and efficiency of the system at any given time using the provided statistics.
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Database Breakdown

The database is an essential structural part of the system and had to be robust in its design so as
to support the aforementioned functionalities as well as allow further improvements and additions
that will be implemented in the future. The schema was designed following Laravel’s Model-View-
Controller architecture and MySQL was utilized to persistently store and manage the application’s
structured data. In general, this includes the following central entities:

* Models: Models represent the data and business logic of the application. In Laravel, models
are PHP classes that typically correspond to database tables. They encapsulate data access and
manipulation logic, making it easy to interact with the database [[15].

* Views: Views are responsible for presenting data to the user. In Laravel, views are typically
Blade templates that contain HTML mixed with PHP code []16].

* Controllers: Controllers handle the incoming requests, process the data, and return the appro-
priate response. They serve as an intermediary between models and views, coordinating the
application’s flow [[17].

It is worth noting that names of models and controllers must fit Laravel’s strict naming conventions to
ensure normal functionality of the framework. In our case, the design relied heavily on the following
models and relationships.

4.1 Models

* User model: The user model that holds all relevant information about users participating in
the system. Its most significant contribution to the system’s functionality is to identify and
authenticate the users during their activity.

* Role model: The role model defined the various roles in the system and the privileges provided
to them.
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* Semester model: The semester model consists of a start and end attribute as well as a flag

4.2

attribute to signify the one that is current. Functionally all newly created bookings are created
in the current semester.

Room model: The room model holds all associated information about the conference hall
existing on campus. It holds an associated color attribute that is used for visual representation
purposes in the calendar component.

Booking model: The booking model represents the central object of all functionality and its
more essential attributes include:
— The triplet that comprises the date and time of any given booking (date, start, end).

— The status which denotes the state of the booking as it pertains to the management’s de-
cision regarding it, i.e., An active booking is one that has been approved based on the
management’s ruling and thus will take place at the given time and place.

— Publicity which determines whether the booking is visible to the public or just to the
relevant participants.

— Type which denotes whether the booking is a normal or a recurring one.

Recurring Model: Essentially an instance of the booking model, this model exists for grouping
and functional purposes. As will be explained in the following sections, recurring bookings are
not created in the booking model until approved by a moderator in order to avoid overpopulating
the schedule with illegitimate bookings. The recurring model holds all essential information for
the bookings that will be created once it is approved.

Day model: The day model is used to store the relevant days of the week for each recurring
booking along with its start and end times.

Key Relationships

User-Role Relationship: Users are associated with distinct roles governing their permissions
and responsibilities within the system. This relationship enables role-based access control
(RBAC), ensuring proper authorization and security.

Booking - Room: Each booking belongs to a single room.
Booking - Semester: Each booking belongs to the semester in which it was created.

Room-Building-Department: Each room belongs to a building and a building can belong to
many departments.

Recurring-Day: Each recurring booking is associated with a number of days that mark the
specific days of the week as well as the times that the recurring booking is taking place.
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* Booking-Recurring: When a recurring booking is approved, the system automatically creates
the corresponding normal booking throughout the semester and associates them together using
a unique foreign id. This allows for the editing of a single recurring booking without interfering
with the rest.

4.3 Database Schema
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Figure 4.1: Database schema

Database Conclusion

In conclusion, the database design forms the backbone of the booking system, providing a compre-
hensive foundation for its functionality and future scalability. By adhering to Laravel’s Model-View-
Controller architecture, we have structured our database schema to seamlessly integrate with the ap-
plication’s logic and presentation layers.

The models encapsulate the essential data and business logic of the system, from user management to
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booking management. Relationships between these models define the intricate connections within the
system, enabling efficient data retrieval and manipulation.

Key entities such as users, roles, semesters, rooms, and bookings are modeled to accurately represent
the real-world concepts they embody. Additionally, normalization techniques ensure data integrity
and minimize redundancy, enhancing the database’s efficiency and maintainability.

The defined relationships facilitate role-based access control, resource allocation, and management of
recurring bookings, ensuring proper authorization and streamlined functionality.

Overall, our database design not only meets the current requirements of the booking system but also
lays the groundwork for future enhancements and expansions. By adhering to best practices and
leveraging Laravel’s features, we have created a resilient and versatile database structure poised to
support the system’s evolution and growth.
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Front End

This chapter introduces the technologies and logic used in the construction of the front end part of
the application. Beginning with a brief introduction to the frameworks and libraries used and con-
tinuing with an analysis of the core components and other noteworthy modules and functionalities.
The purpose of this chapter is to explain the thought process and reasoning behind the design of the
application as well as explain the benefits and constraints of the technologies used.

5.1 Technologies Used

5.1.1 Angular

Developed by Google, Angular is a design framework used to construct single-page applications. At
its core, Angular is a component-based framework adhering to modular principles of constructing
applications. In essence this means that Angular applications are primarily built using elements called
components, which can be any unified and autonomous part of an application that can work indepen-
dently or as part of an architecture tree with parent elements, descendants, and siblings. Typically, a
component mainly consists of:

* The template, which is written in HTML and is responsible for what is rendered in the browser.

* The scripting that handles all the necessary actions for the function of the component, written
in TypeScript.

Angular offers efficient and developer-friendly two-way data binding within and between components.
Additionally, it provides a built-in router that handles navigation that adheres to the single-page princi-
ple. Sections of Angular applications are defined as routes, and the router is responsible of navigating
between them. A route is essentially a component that contains all relevant children components for
the particular section. It is structured in the same way as a regular component and is declared in
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the application’s routing module. In that module, route locations are defined along with the specific
component that is loaded when the user navigates to said route. In order to share logic between com-
ponents, Angular utilizes services which are defined by a TypeScript class and are used to inject code
from a single source of truth.

After version 15, Angular introduced a new organizational parameter based on standalone compo-
nents, contrasting the previously used module-based logic. This new pattern was followed for the
booking service as it allowed the construction of more independent and scale-able components while
avoiding the need to construct the underlying module architecture. In the old configuration, a module
class would need to be constructed to handle all component dependencies while now this can be done
in the component itself.

This application has benefited from the use of this framework as it not only offers a set of standardized
configurations and libraries but also a productive and consistent way to structure code. This ensured
a smooth and efficient developing process as well as allowing future scaling of the application.

5.1.2 Angular Material

Angular Material is a UI component library designed and developed by Google to equip Angular with
pre-constructed general-purpose components. These components ensure consistency in both look and
feel across the application. They follow the Material Design specification, which is Google’s open-
source design system. Angular Material also provides straightforward and extensive APIs for each
component, something that allows vast configuration and customization to adapt each component as
needed. Every basic element of this application was built using this library, some examples include:

¢ Forms

Input fields
¢ Buttons

* Date pickers

The use of this library shortened development time and helped ensure a consistent user experience
throughout the application.

5.1.3 Angular Calendar

The main calendar component used in the application is a pre-built package installed component
developed by Matt Lewis. The component provides multiple views (month, week, day) as well as
event functionalities for displaying and updating events. It uses the Date format configuration for these
events and allows for extensive customization. The customization implemented for this application will
be explained in following sections.

26



Chapter 5. Front End

5.1.4 Chart JS

Chart JS is an open-source JavaScript-based library used to display dynamic charts and allows for
customisation via a variety of options. It is compatible with all popular JavaScript frameworks in-
cluding Angular. In this application, it was utilized to construct the dynamic statistical charts for the
frequencies of bookings, and their function will be further explained in following sections.

5.2 Component Breakdown

This section will go in-depth about the development and function of some of the more structurally
significant components of the application.

5.2.1 Routes

Beginning with the following, the application is sectioned into these routes:

* Home Route: Contains the calendar and all its functions including the booking request forms.

* Moderator Dashboard: Contains lists of all booking categories and conflicts along with pag-
ination, sorting, and filters to ease the managing process. It is the main hub of function for the
moderator of a room. It includes conflict resolution, all kinds of booking management, as well
as the option to add an event.

* Room Management: This route contains functionality that allows the system administration to
manipulate the state of the available rooms without having to manipulate the database directly.

* Semester Management: This route acts in the same way but for semester management. New
semesters can be added or edited. Worth noting that this is where the current semester is defined.

* User Booking Management: This route is meant to allow the user to manage their own book-
ings prior to approval.

* Statistics: This route contains the general and the dynamic statistical charts that aid the mod-
erator in managing the system.

5.2.2 General statistics

The general statistics that are included in the statistics route are the following:

1. Total bookings in the current month, semester, week.
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Figure 5.1: General Statistics
2. The three busiest rooms this semester and this week along with the amount of bookings for
each one.
3. Rate of booking approval along with the amount of bookings approved out of the total.
4. Capacity indicators for the current week and month.
5. The remaining time-slots in hours for the current week and month.

6. The mean booking duration for the current semester.

5.2.3 Moderator Dashboard Components

Before moving to the components, it is worth mentioning the Moderator Dashboard structure as it
plays a role in many of the following components and vice versa. The dashboard is comprised of
three tabs that contain separate components corresponding to different categories that are as follows:

* Normal Bookings: for all regular non-conflicting bookings.

* Recurring Bookings: for the recurring bookings displayed as groups. It is worth noting that
when a recurring booking is approved, its individual bookings can be displayed in the normal
bookings list but the collective group that refers to all of them is displayed in this list. This way
either an individual can be manipulated or the entire collection.

* Normal Conflicts: a list of sets of conflicting bookings, separated into time-slots.

* Recurring Conflicts: a list of sets of recurring conflicts.

5.2.4 Card List

Another noteworthy clarification is that recurring bookings can conflict as a group when they, as a
group, are stepping on the same days and hours but an individual booking of theirs conflicting with a
normal booking will not cause a recurring conflict but rather a normal one.
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Figure 5.2: Moderator Dashboard

5.2.5 Calendar Component

In some part this component’s event type informed the construction of this app’s event structure.
Even still some customisation was required in order to make this component match the particular
needs of this application. By far the most significant customisation was configuring the calendar to fit
the specified dimensions regardless of number of days in the month. Originally the calendar would
dynamically generate the cells for each day of the month in the same dimension ignoring the total
number of days in the month. This caused the calendar to increase in overall size depending on the
number of days in the month. In order to resolve this a custom event binding function captures the
month value when the scrolling of the calendar event is emitted. From there the number of days is
calculated relative to the starting day of the week, this determines the amount of cells required to
display the entire month. In order to set the overall height of the calendar to a consistent amount, the
required height is divided by the cell count, in the style class for the calendar cells, using a variable.

5.2.6 Card List

Being one of the central components in the structure of the application, the card list is a custom
component created using the Angular Material card component structure. Leveraging Angular’s data
binding mechanisms, it was constructed in a modular way. By providing the component with an
iterable set of items that poses a correct configuration of properties (i.e., bookings, rooms, etc.), it is
possible to display a list of multiple items quickly and effortlessly in any part of the application. The
card list was used to display the lists of bookings in the Moderator Dashboard route, the rooms in the
Room Management route, and even the semesters in the Semester Management route. It consists of
a title along with an optional color icon, a subtitle that is used to display secondary information, and a
set of buttons that are used for certain actions. The buttons emit events that are captured by the parent
components and execute the actions as a response.

It is worth noting that one of these buttons can be a select toggle button used for multiple item control
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Figure 5.3: Calendar component

as will be explained in other components. The items are passed to this component from the parent
and are bound, meaning reactive to changes applied to the set. This allows for dynamic adjustment of
the information displayed on the screen. This also means that the component had to be designed in
an independent way and is thus not responsible for any action. Essentially it is simply a container and
event emission is used to inform the parent components of user action.

5.2.7 Conflict

The Conflict component is another custom component responsible for rendering the bookings that
comprise a particular conflict. Because the number of conflicting bookings is not certain, an Angular
Material expansion panel is used. This panel has an open and closed state allowing for a compact
option when showing multiple conflicts and letting the moderator decide which one to tackle first
by seeing a more holistic picture. In its open state, the panel consists of a card list of all conflicting
bookings for the particular room and timeslot on a particular date. The bookings are colored according
to the action that will be applied to them when the moderator presses the resolve conflict button, the
configuration is as follows:

* Green: This booking will be kept no matter what.
* Red: This booking is conflicting and will be discarded.

* Blue: This booking has been edited and is no longer conflicting so it will be kept.

The logic behind this follows the following algorithmic steps. First, the first booking in the list is
given the flag toKeep this signifies the green state mentioned above and is used in later checks. If the
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moderator chooses to edit one of the rest, the new timing parameters are sent to the backend via the
APT and the system checks for conflicting bookings at that particular time slot. Provided that there are
no conflicting bookings there, the booking is given the flag Resolved which is associated with the blue
color mentioned above. When the moderator is happy with the state of the resulting set and they press
the resolve button, the list of bookings is sent to the backend with all the edited changes and flags.
The backend checks these flags and takes the necessary actions and updates the bookings accordingly.

5.2.8 Control Card

This custom component was constructed in order to give the option to the moderator to handle multiple
bookings en masse. It consists of a select all toggle button that toggles the selected flag for all items
in a list, a set of action buttons, and a set of pagination controls. Essentially this allows the moderator
to choose how many items they see on the screen using the pagination controls, select multiple if not
all of them and take the desired action en masse.

5.2.9 Filters

Another very structurally important part to the functionality of the application is the custom com-
ponent Filters. The template consists of an Angular Material chip list which is a list of toggle-able
buttons that correspond, in this case, to options passed to the backend API and are used to filter the
content of the returning response. When a list of items is first loaded the front end sends an empty
request to the appropriate endpoint. This tells the backend that no filtering is to be applied to the
returning set, thus the entire list is returned. When a chip is pressed the request is sent anew with an
appropriate set of options for all the selected chips. This allows for multiple option filtering and the
backend simply filters for all the requested options. When the set is returned it is dynamically updated
in the child component utilizing Angular’s data binding mechanisms.

A complete list of the filters is as follows:
* Room filter: filters by room, the list is retrieved from the API depending on the intended use.

For example, the rooms for moderation should only include the ones the particular moderator
moderates.

* Status filter: filters by booking status, active, pending, or canceled.
» Type filter: filters by booking type, normal, or part of a recurring group.

* Publicity filter: filters by booking publicity, which is whether the booking is available to the
public.

* Months filter: filters by month of year.
* Days filter: filters by day of the week.

» Lecture type filter: filters by lecture type.
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5.2.10 Statistic

The statistic is a custom component used to display the dynamic statistical charts. It uses Chart.js
which utilizes the canvas HTML element to render various chart types. The component contains
a main menu control that selects the statistic type. This component is dynamically generated in the
Statistics route with a press of a button. It is possible to generate multiple statistics on screen, allowing
for a more complete view of the desired information. Adding to this is the option to compare statistics
between rooms on the same chart. These two options allow for the ability to no only compare rooms
but also sample sizes and different options.

A complete list of the available statistics is as follows:

* Hour of Day - Frequency: the amount of bookings for a particular room each hour of the
specified day of the week.

* Day of Week - Frequency: the amount of bookings for a particular room for each day of the
week.

* Day of Month - Frequency: the amount of bookings for a particular room for each day of the
specified month.

* Month of Semester - Frequency: the amount of bookings for a particular room for each month
of the specified semester.

* Day of Week Duration - Frequency: the amount of bookings grouped by their duration for a
particular day of the week.

* Month Duration - Frequency: the amount of bookings grouped by their duration for a particular
month.

* Occupancy by Day of Week: the amount of hours a room has been occupied on a given day of
the week.

* Occupancy by Month: the amount of hours a room has been occupied in a given month.
* Occupancy by Semester: the amount of hours a room has been occupied in a given semester.

* Occupancy by Date Range: the amount of hours a room has been occupied in a given date
range.

* Date Range - Frequency: the amount of bookings for a particular room for each day of the
specified date range.

* Date Range Duration - Frequency: the amount of bookings grouped by their duration for a
given date range.

In addition, it contains various menus with necessary options for each particular statistic. These in-
clude:
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* Room picker: contains a list of rooms. Multiple ones can be selected, and each will create a
separate dataset to be displayed in the chart.

» Day picker: a list with each day of the week. Multiple ones can be selected which will increase
the range of the query to apply all the selected days.

* Month picker: a list with each month of the year. Multiple ones can be selected which will
increase the range of the query to apply all the selected days.

* Semester picker: a list of all semesters contained in the system. Multiple ones can be selected,
and doing so will essentially increase the sample for each statistic allowing for either a more
holistic or constrained view of the statistic.

* Date picker: an Angular Material date picker that allows the selection of a date range. This is
used in the date range statistics.

» Type picker: a list of all available booking types allowing the filtration of the statistics by each
type specifically.

5.2.11 Dialogs

Dialogs are modal type components of Angular Material. They appear over the rendered page and
act on their own independently until closed. In the context of this application they are used to inform,
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get consent to actions, create and update items. The most noteworthy of the dialog components is the
Booking Form Dialog. This is a custom draggable dialog that contains a form used to either create
or update bookings. When opened from the calendar the dialog is initialized without data and thus
the form is empty. When opened from the moderator dashboard to edit a booking, the booking is
passed to the dialog and its data fills the form accordingly. Upon submission the dialog closes and the
booking is created or updated accordingly by sending the appropriate request to the API. Analogous
dialogs exist for rooms and semesters while all the rest are for displaying messages or asking the user
to confirm an action.

5.3 Services

Services in the Angular framework are responsible for exchanging data or code between components.
Each service is called in the constructor part of the component class. A service can have multiple
functions and it acts as a gate to all of them when called.

In this application, the following services exist:

* Booking Service: Responsible for retrieving all relevant booking data while also submitting
requests that alter the data in the database. In addition to all the functions that communicate
with the API, it also includes a mapping function that maps the returning bookings so they are
able to be inserted into the calendar component.

 Dialog Service: Used to open all the dialog components for the application. It has a separate
function for each dialog, and these functions set the dialog data, size, and any other necessary
attributes.

* Filter Service: Retrieves all necessary parts for the operation of the filters. By providing it
with a list of the desired filters, it returns a list with the labels and action calls for each one of
the filters.

* General Service: Reserved for all necessary communication with the API that doesn’t strictly
fit into any of the other services.

* Room Service: Similar to the booking service, this one is responsible for all relevant data
exchange relating to rooms.

* Sidebar Service: Responsible for retrieving the items that fill the sidebar.

« Statistic Service: Has a double function. On one hand, it retrieves all the statistics with their
associated picker options, and on the other, it handles all the back and forth to retrieve the
statistic datasets from the API.
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Back End

As mentioned above, Laravel is a prominent PHP web framework renowned for its adherence to the
Model-View-Controller (MVC) architectural paradigm. It was used to build the backend system for
this application as it offers a comprehensive suite of tools and functionalities essential for crafting
sophisticated web applications. In general, typical Laravel project architecture was followed with the
bulk of development being in the construction of an API to support database manipulation, conflict
detection, and the generation of statistical data using MySQL queries.

6.1 Architecture Overview

Following MVC principles, the application’s backend is constructed mainly by using the following
parts:

* Routes: Used for mapping URLSs to controller actions. These routes direct incoming requests
to the appropriate controllers which then execute the relevant actions.

* Controllers: Controllers contain the application’s logic for processing requests and generating
responses. Controllers interact with models to retrieve or manipulate data and return appropriate
responses to the frontend for presentation.

* Models: Models represent the data structure of the application, encapsulating database tables
and their relationships. Models interact with the database through Laravel’s Eloquent ORM
(Object-Relational Mapping), which is an intuitive interface for performing CRUD (Create,
Read, Update, Delete) operations.

» Database Migrations and Seeders: Laravel’s migration and seeding system is used to manage
database schema manipulation and database data initialization. Migrations were used to define
the database schema using PHP, while seeders were used to insert test and base data into the
database.
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6.2 API Overview

In order to construct the application, API endpoints were defined as routes. The frontend part of
the application handles user action and data retrieval through these endpoints. All API endpoints are
defined in the web . php file to allow access via HTTP, and the following is a list of the available
endpoints and the actions they perform:

6.2.1 Booking Associated Endpoints

* /getBookings: Retrieves and filters bookings based on various parameters. This route is used
to retrieve bookings that are displayed in the moderator dashboard.

» /getRecurring: Retrieves and filters recurring booking groups based on various parameters.

» /getConflicts: Retrieves and filters conflict groups based on various parameters. The groups
are checked for and created on the spot, the logic for this is explained further below.

 /getRecurringConflicts: Retrieves and filters recurring conflict groups based on various pa-
rameters.

* /checkConflict: Checks for conflicts when editing a booking for conflict resolution. A similar
process is followed when creating a booking to assign a conflict id. The logic will be explained
below.

* /resolveConflict: Used to resolve conflicts between bookings based on various parameters,
such as rescheduling or canceling conflicting bookings.

* /resolveRecurringConflict: As above but for recurring booking groups.

 /getActiveBookings: Retrieves active bookings from the database. This route is used to re-
trieve upcoming or ongoing public bookings for the calendar component to display.

 /getUserBookings: Retrieves bookings associated with a specific user.
* /createBooking: Creates a new booking in the database.

* /approveBooking: Approves a pending booking request.

* /cancelBooking: Cancels a booking.

* /editBooking: Edits an existing booking.
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6.2.2 Room Associated Endpoints

/getRooms: Retrieves rooms from the database based on various parameters.
/getDepartments: Retrieves departments.

/getBuildings: Retrieves buildings.

/getAllRooms: Retrieves all rooms from the database.

/createRoom: Creates a new room in the database.

/deleteRoom: Deletes a room from the database.

/editRoom: Edits an existing room.

/getModeratedRooms/id: Retrieves rooms moderated by a specific user.
/getPossibleModerators/: Retrieves possible moderators for rooms.

/getAllSemesters: Retrieves all semesters from the database.

6.2.3 Semester Associated Endpoints

/createSemester: Creates a new semester in the database.
/updateSemester: Updates an existing semester.

/deleteSemester: Deletes a semester from the database.

6.2.4 Statistic Associated Endpoints

/roomHourOfDayOfWeekFrequency: Retrieves statistics on room booking frequency by
hour of a specific day of the week.

/roomDayOfWeekFrequency: Retrieves statistics on room booking frequency by day of the
week.

/roomDayOfMonthFrequency: Retrieves statistics on room booking frequency by day of the
month for a specific month.

/roomMonthOfSemesterFrequency: Retrieves statistics on room booking frequency by months
of a given semester.

/roomDateRangeFrequency: Retrieves statistics on room booking frequency within a specific
date range.
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/roomDayOfWeekDurationFrequency: Retrieves statistics on room booking duration fre-
quency by day of the week.

/roomMonthDurationFrequency: Retrieves statistics on room booking duration frequency
by month.

/roomDateRangeDurationFrequency: Retrieves statistics on room booking duration fre-
quency within a specific date range.

/roomOccupancyByDayOfWeekPercentage: Retrieves statistics on room occupancy by day
of the week.

/roomOccupancyByMonthPercentage: Retrieves statistics on room occupancy by month.
/roomQOccupancyBySemester: Retrieves statistics on room occupancy by semester.

/roomQOccupancyByDateRange: Retrieves statistics on room occupancy within a specific date
range.

/generalStatistics: Retrieves all general statistics about bookings in the application. These
statistics are used in the statistics dashboard.

/getOccupancyCharts: Retrieves occupancy charts for visualization in the statistics dashboard.
/bookingTotals: Retrieves total booking counts for visualization in the statistics dashboard.

/approvalRate: Retrieves the approval rate of bookings for visualization in the statistics dash-
board.

/meanDuration: Retrieves the mean duration of bookings for visualization in the statistics
dashboard.

6.3 Booking Controller

The vast majority of the applications logic for managing the booking system exist within this controller
in the form of functions, each one responsible for one action in the system. Their broad categories are
split between normal, recurring and conflicting bookings. These categories are generally separated
on whether the action is about retrieving data, manipulating the database in some way or some other
miscellaneous action. Since these functions comprise the core of the application their logic will be
analyzed in depth in this section.

6.3.1 Filtering and Pagination

Since almost every function in this controller utilizes filtering and pagination to limit the responding
data within a particular set we should start by explaining how this is implemented in a broad sense.
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Every function is accessed through an endpoint via a POST HTTP request, carrying a payload in said
request that contains all the necessary information about how to filter the corresponding response.
This information is carried in the form of an array of objects, with a key index specifying the specific
filter to be applied and an associated array of values to filter by. Using an array for the values allows
for the use of Laravel’s Eloquent mechanism to filter between multiple values. For example, to filter
the bookings for two specific rooms the ids for those specific rooms would be passed in the room ids
array to be used in the whereln part of the query that retrieves the bookings. Typically all filter arrays
are filled with a default value if a value is not provided in the request. This default value is usually a
set of all possible values that effectively means that the response is not filtered by that particular filter
category. As for the pagination part of this process, Laravel has an integrated mechanism for applying
pagination to a set of returning entries. Every request carries a set of two values that are relevant to
that pagination. The page index that signifies the page that needs to be retrieved and the amount of
entries each page should have. It is important to note that each time a filter is updated these values
are reset so as to retain consistency in the pagination of the results without missing any of the entries
between pages.

Table 6.1: Booking Controller Function Filter Support

Functions Filters —

room | lecture type | months | days | type | publicity | status
index v v v v v v v
getRecurring v X X v X v v
getUserBookings 4 X X X X X X
getActiveBookings 4 X X X X X X
getConflicts v X v v X X X
getRecurringConflicts | v X X 4 X X X

6.3.2 Index Functions

Controllers typically correspond to their synonym model and the index function is normally responsible
for retrieving the entries of that particular model from the database. In the case of this application
multiple get functions were implemented within the same controller since they belonged in the same
semantic category. All these functions typically follow this structure:

1. Set filter and pagination values to requested or default values.

2. Query the Model for the desired entries.

3. Map the resulting set into the correct form.

4. Return the response.
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6.3.3 Get Conflicts

As the conflicts pose a particularly important part of the application each action concerning them
should be analyzed. For the retrieval of normal conflicts the first step remains the same as the other
get functions. Afterwards all bookings that match the specified filters are retrieved and grouped by
their conflict id. Bookings with the same booking id are conflicting with each other, this id is applied
to them during the creation of one of those bookings. This process will be explained in detail later.
Once the conflicting bookings are retrieved they are mapped into grouped object arrays based on their
conflict id. Finally they are returned as the response, this process is the same for both normal and
recurring bookings .

6.3.4 Store Functions And Conflict Generation

In this subsection we present the process that is followed on the creation of a new booking as well as
the detection and generation of conflicts for both normal and recurring bookings. Initially the same
function is triggered for both types and a flag is used in the case of the recurring. Both functions
begin by validating the inserted data, ensuring data integrity. Then an entry is created using the
corresponding eloquent model. In the case of normal bookings on the creation a scope constraint is
defined that triggers when creating a new booking. This constraint is responsible for scanning the
database for conflicting bookings. It retrieves all bookings for the particular room that are between
the start and end times of the same date as the booking that is being created. If it finds any it checks
for an existing conflict id and applies to the new booking. If there are conflicting bookings that do
not have an existing conflict id then a new one is generated and applied to all. This is the case when
two bookings are not conflicting with each other but a third one is inserted in between and conflicts
with both. In this case all three bookings are grouped together. In the case of the recurring booking
a similar constraint is applied but it goes through the Day model in order to detect conflicts. The
function that is responsible for creating a recurring booking also creates the corresponding entries in
the Day model. This model holds the room, day name, start and end values for each day of the week
that the recurring booking will take place. This was necessary to allow recurring bookings to take
place in separate rooms during the week. The constraint function retrieves the days of the recurring
booking that is being created and checks their hours against those of existing days of the week that
are for the same room. If it finds conflicting days it marks the recurring bookings with either a new or
existing conflict id. Note that these constraints are also triggered in the case of editing to detect and
generate conflicts.

6.3.5 Approve Recurring Booking

The case of approving a recurring booking also bears a brief explanation as it is a special case and
functions in a more complex way than one might think at face value. Recurring bookings are set
separately from normal bookings until they are approved. As explained above the Day model holds the
information about the occurrences of the recurring booking and there they exist alone until approval.
When a moderator approves a recurring booking the function in question iterates through the days
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associated with the booking and creates a regular booking for each week of the current semester on
that particular day and time. Of course the normal conflict detection and generation constraints still
apply for these bookings and any newly created conflicts that include them are treated as normal with
each of them as individual bookings.

6.3.6 Check Conflict

This function is used to scan existing bookings for conflicts with a date and time, prior to resolving
a conflict. When a moderator wants to resolve a conflict they have the option of editing any of the
conflicting bookings in order to achieve this. In order to inform the moderator if the choice they made
when editing is a valid one, meaning it doesn’t create any new conflicts, the system gives the edited
date and time to this function. Essentially this function then runs the relevant queries to detect whether
or not there are bookings on that date and time in that particular room. In either case it returns a flag
with the appropriate response and the booking is marked in the front end accordingly informing the
moderator of the validity of their choice.

6.4 Statistics Controller

This controller contains all functions that are responsible for querying the database to retrieve the
necessary datasets for the application’s statistics dashboard. In this section, the logic behind these
statistical functions will be broken down and analyzed. The basic idea behind these functions is to
assist in determining the state and rate of efficiency in the system and how well the hall resources are
being utilized, as well as informing management decisions concerning the forming of the schedule. In
general, the sample is set by default to the current semester with the option to include any and all of the
stored semesters as a sample. This allows the information to remain flexible and able to meet changes
in the state of the system as well as expand or narrow its scope. Adding to this, the endpoints return
separate datasets for each room provided, to be used in the same charts to compare between. There is
also the option to filter by booking time in order to limit the information to only include the relevant
bookings. Finally, all datasets include a form of the data as a percentage of the total depending on the
sample which can be toggled between on the front end using a button.

6.4.1 Booking Frequency

Separated by unit of time, these functions return datasets concerning how many bookings occurred
by room on a specific range of time. They are the following:

* roomHourOfDayOfWeekFrequency
* roomDayOfWeekFrequency

e roomDayOfMonthFrequency
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¢ roomMonthOfSemesterFrequency

e roomDateRangeFrequency

These functions utilize options that can change the range they examine, for example, which months or
which day and multiple ones can be selected at once. They start by retrieving the desired options from
the request, then they iterate through each of the wanted rooms in order to create a separate dataset
for each one. Afterwards, depending on the type of time range each function is for, relevant labels are
constructed and are placed into an array. For example, the roomHourOfDayOfWeekFrequency
function creates a label for each working hour in a day. Then the total amount of relevant bookings
is calculated for the given sample which is used to calculate the percentage of each frequency. Af-
terwards, a query is constructed that utilizes the Illuminate library to select the unit of time that is
measured from the start column of the Booking model and to count the amount of bookings for each
fraction of the unit. The query also filters for lecture type, sample, and approved bookings. Finally,
the query groups by the selected unit range. Then the frequency and its percentage representation is
mapped into arrays, making sure that the index of these arrays correspond to the correct index of the
labels array. Some more mapping is done for organizational purposes and the process is repeated for
each room. Finally, the result containing all said datasets is returned.

6.4.2 Booking Duration Frequency

Similar to the above, these functions concern the frequency of the duration of bookings by room on a
specific time range. They sample the current semester by default and in general support all the options
that the above functions support as well. They are the following:

* roomDayOfWeekDurationFrequency

¢ roomMonthDurationFrequency

* roomDateRangeDurationFrequency
The process these follow is essentially the same as the above but they calculate the duration of each
booking using the [lluminate library again and utilizing the start and end columns of the Booking

model. The rest stays the same and the returned datasets are again separated by room and they are
used in line charts on the front end.

6.4.3 Room Occupancy

These functions are used to calculate the amount of time a room is occupied in a given time range.
They support the cumulative addition of multiple rooms allowing for the direct comparison of these
rates on the same chart. They also use the current semester as the default sample while allowing similar
options as the functions above. They are the following:
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¢ roomOccupancyByDayOfWeekPercentage
¢ roomOccupancyByMonthPercentage
e roomOccupancyBySemester

* roomOccupancyByDateRange

They begin by retrieving the relevant options from the request and then begin the iteration through
the specified rooms. Then they calculate the total amount of time slots that exist in the specified time
range and sample in order to calculate the percentage. The total essentially increases when rooms or
more time options are added. The relevant bookings are then retrieved and counted. Finally, after
some organizational mapping, the resulting datasets are returned to be used on pie charts on the front
end.

6.4.4 General Statistics

The following functions are used to construct the general statistics that exist on the top of the statistics
dashboard. Their purpose is to provide some general information about the state and performance of
the halls and the system itself. These are these functions and the logic behind their result.

* bookingTotals: This function calculates the total amount of bookings in the current semester,
month, and week. It uses Carbon, an API extension of DateTime to calculate the current month
and week and retrieve the bookings that fall within those. The semester is retrieved from the
Semester model and using its id the relevant bookings are retrieved easily.

* approvalRate: This function returns the number of approved and canceled bookings on
the semester and status. It begins by retrieving the current semester and the total number of
all the bookings in said semester. Then the counts for the bookings in said semester that have
been approved and canceled are calculated and the percentage rate is calculated using the total.
Finally, the results are mapped and returned.

* meanDuration: This function calculates the average duration of bookings within the current
semester. It uses the AVG and TIMESTAMPDIFF function in MySQL to calculate the average
duration of bookings in the semester and returns that number.

* bussiestRoomsand bussiestRoomThisWeek: The bussiestRooms function uses
the familiar process to calculate the frequency of bookings in the current semester for all rooms.
It then groups them by room and orders them by that frequency in descending order. Then it
takes three of them, meaning the three busiest rooms this semester by amount of bookings.
Finally, the bussiestRoomThisWeek function is the same as the above but it only returns
the single most busy room for the current week.

* weekCapacityIndicator andmonthCapacityIndicator: These functions calcu-
late the remaining hours in the current week and month, adjust them based on existing bookings,
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computes a capacity indicator percentage, and returns an array with the capacity indicator, the
remaining hours in the week, and the dividend percentage. Essentially, they return the amount
of time slots that are still available for the current month and week.

generalStatistics: This function collects all general statistics in order for the system to
be able to retrieve them collectively from a single endpoint.

getOccupancyCharts: This function utilizes the previously defined occupancy functions
to calculate the occupancy rate for the current week, month, and semester for all rooms. These
are used in the top right charts of the statistics dashboard.
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Conclusion

The objective of this thesis was to develop and evaluate a digital booking platform tailored for man-
aging campus hall reservations in a university setting. This platform was designed to address the
inefficiencies inherent in traditional booking systems, primarily reliant on manual processes such as
Excel spreadsheets, which are prone to errors and operational challenges. The digital solution pro-
posed in this work not only sought to overcome these shortcomings but also aimed to enhance the
administrative operations within educational institutions through improved resource management.

The development of the platform was grounded in a thorough analysis of both front-end and back-end
technologies, culminating in the selection of Angular for the front-end and Laravel for the back-end.
This choice was justified through a comparative study of technology frameworks, evaluating criteria
such as community support, ease of migration, performance, and long-term maintainability. Angular
was selected for its robust structure and reliable upgrade path, which align with the long-term strategic
goals of university administration. Similarly, Laravel was chosen for its scalability and efficiency
in managing complex queries and data integrity, which are crucial for the backend operations of a
booking system.

The system was designed to feature two main functionalities: user functionality that allows faculty
and staff to efficiently manage their event scheduling and reservations, and management functionality
that enables administrative oversight and conflict resolution. This dual functionality ensures that the
platform not only supports everyday users in their operational needs but also provides administrators
with the tools necessary to oversee and optimize the use of resources.

The implementation of this system was anticipated to significantly reduce the time and effort re-
quired to manage bookings, mitigate errors due to manual entry, and enhance the overall user experi-
ence through an intuitive and user-friendly interface. The platform’s capability to handle conflicts in
scheduling and its robust statistical tools further assist administrators in making informed decisions
that optimize resource allocation and usage.

Despite these advancements, the study acknowledges several limitations. The scope of the technology
evaluation was confined to popular frameworks, potentially overlooking emerging technologies that
might offer additional benefits. The system’s performance was also evaluated in a controlled setting,
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which might not fully capture the complexities and unpredictable user behaviors in a live environment.
Additionally, while the system is designed for scalability, actual deployment could reveal unforeseen
challenges that could affect system performance or user satisfaction.

7.1 Future Research

For future research, it would be beneficial to explore the integration of more advanced technologies
such as artificial intelligence and machine learning to predict peak times and suggest optimal book-
ing periods. Further studies could also assess the user adoption rate across different departments,
identifying specific barriers to uptake and developing strategies to enhance user engagement with the
platform. Lastly, a longitudinal study on the platform’s impact on administrative efficiency and re-
source utilization could provide deeper insights into the long-term benefits and areas for improvement
in digital booking systems within university settings.

In conclusion, this thesis contributes to the field of educational administration by demonstrating the
potential of digital solutions to enhance the efficiency and effectiveness of university operations. It lays
the groundwork for future innovations in digital administration, encouraging continued exploration and
development in this vital area.
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User Tutorials

This appendix provides a brief tutorial for creating and editing bookings step by step from the point
of view of a regular user. The basic tutorial will cover the creation of a regular booking while the
rest of the sections will cover the creation of recurring bookings as well as the editing of any booking
created by the user.

A.1 links

* Front-end: dim2409/Booking-Service
» Back-end: loatsi/BookingServiceBackend

* Live: booking.iee.ihu.gr
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A.2 Basic Tutorial

A.2.1 Step 1: The homepage
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#°
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Types
Lecture Seminar Monday Tuesday Wednesday Thursday Friday Saturday Sunday
+ + + 10 + X} + X + 4 + 5
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From the homepage calendar you can navigate and pick the date at which you want to create a booking
and by pressing the + button on that specific date.

A.2.2 Step 2: The booking creation form
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-
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After pressing the + button a dragable dialog appears, you can notice the date field is already loaded
with the date selected form the previous step.
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A.2.3 Step 3: Filling the fields
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The marked fields are the ones required to create a valid booking. If these fields are not filled a booking
will not be created. The rest of the fields can remain empty. After all necessary fields are filled you
can press the create button to create the booking.

A.2.4 Step 4: The Booking has been created

Booking created successfully.

Close

Provided all the information was valid the system will respond with this success dialog informing you
that the booking has been created.
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A.2.5 Step 5: Inspecting the created booking
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Afterwards provided the booking was marked public and is not conflicting with an existing booking,
it will be visible in the homepage calendar.

A.2.6 Step 6: Opening day cell view

0 i
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By pressing on the day cell a section opens up that displays the title and hour of all bookings at that
particular day. Here you can see your newly created booking.
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A.2.7 Step7:
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Inspecting booking information

May 2024 < Taday >
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+ + + 10 + 2@ + 2@ + il + 5

Booking Title x B

21 May 2024, 08:00

Event URL: sample-url.com

+ 6 Sample Info 10 +
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From the open day view you can press any of the listed bookings to view additional information

concerning it. As
booking.

you can see a dialog appears that lists all the provided information regarding the

52



Appendix A. User Tutorials

A.3 Creating a recurring booking

A.3.1 Step 1: Switch to Recurring Form
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To create a Recurring Booking one needs to follow the same steps as above to get to the booking form
dialog and then locate the Recurring check switch pictured here.

A.3.2 Step 2: Recurring Days
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Once the dialog switches to its recurring version the available days are pictured here.
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A.3.3 Step 3: Days, times and rooms
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Then which days,times and rooms on which the booking should occur each week can be selected.

A.3.4 Step 4: Created Successfully

Recurring booking created successfully.

Close

After pressing create the system once again informs after creating the booking. In the case of recurring
bookings a moderator has to approve the relevant bookings in order to create their regular booking
instances.
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A.3.5 Step 5: Inspect Created Bookings
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Once a moderator has done so and provided the booking was marked public the bookings can be seen
in the homepage calendar.

A.4 User Edit Booking

A.4.1 Step 1: Navigate to My Bookings

p— A INTERNATIONAL
2l UNIVERSITY
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Monday Tuesday Wednesday Thursday Friday Saturday Sunday
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From the homepage by clicking on the sidebar buttons the sidebar opens and there is the option to
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navigate to the My Bookings page.

A.4.2 Step 2: Open Edit Booking Form
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In this page a list of the bookings created by the User can be seen. By pressing the pencil symbol the
edit booking form will open.

A.4.3 Step 3: Inspect Booking Form
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Here all existing relevant information for the booking can be seen.
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A.4.4 Step 4: Make desired changes

— A INTERNATIONAL
=@ 5T R
£

UNIVERSITY
Update Booking %
Select All Select actions

(o)
Bonking Tite®
New Title W
Public tems perpage: | 10~ 1-1001143 >
Attendance* Typer
<20 T Lecture T
Date st £na
5/20/2024 08:00 09:00

@ sample Title ) @ 9 e e

ANEGavEpoc | Monday 20/05 20241

Room v
Mo info

Booking infa

@ Sample Title (@] e e e

ANEGavpog | Monday 27/05 20241
4

| *
@ sample Title (0] e G e

ANEEavBpoc | Monday 3/06 20240t

Mo info

Mo info

Change the value of any field to update the booking accordingly and press update.

A.4.5 Step 5: Booking Updated
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Once the booking has been updated the system will inform you as pictured here.

No info
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A.4.6 Step 6: Inspect Changes
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Then the booking list will be refreshed and the updated information can be seen.
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Moderator and Admin Appendix

In this chapter all the functions available to the moderators and administrators of the system will be
walked through and explained.

B.1 Moderator Dashboard Map

Bellow is a general map of all the available features of the moderator dashboard.
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0~ «
e Yy~ HELLEN

NIVERSITY

1 Normal Bookings Conflicts @ Recurring Conflicts Recurring Bookings
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Status

Pending Active

Cancelled @ Recurring two o 0 ° °

AreCavbpoc | Monday 27/05 2024 12:00 - 12:30 | Active | Public
Type c asd
Normal Recurring
Months C]
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1. Tab control buttons. Each tab contains a list for the corresponding type of entity.

2. Filters by which to filter the listed entities. They work by clicking them to toggle them and
multiple once can be selected
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3. Filter control button. It deselects all filters for the specific category
4. Sorter controls. These sort the listed entities based on the selected option

5. Select Actions. These are controls that apply actions to all selected items. Either approval or
deletion are the typical options. The circle button is used to select all displayed items of the
current page

6. Pagination Control. This controls the pagination, including the page index and page size.
7. Create Item. This button opens the corresponding item creation form.

8. Item information.

9. Select button

10. Item actions. Typically include info,edit and delete.

B.2 Conflict Resolution

This sections explains the necessary steps and options to resolve a booking conflict. These steps are
for the resolution of a regular booking conflicts but the same basic flow can be followed for recurring
booking conflicts.

B.2.1 Step 1: Navigate to Conflicts tab
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Tnheknaibevong ANEGVOPOC Conflicting Bookings. o v

Type ANEEQVEpPOC Conflicting Bookings. L] v

Normal Recurring ARSEQVOPOC Conflicting Bookings [:] v

ANsEavbpog Conflicting Bookings ° v
ANEavpog Conflicting Bookings [ v
JuL AUG SEP oinmog Conflicting Bookings o v
ocT NOV DEC innnoe Conflicting Bookings. [ v

oAupria Conflicting Bookings ° v

Monday Tuesday
Oxupria Conflicting Bookings ) v

Wednesday

Thursday Friday AtBouaa TnAekn aibeuone Conflicting Bookings [ v

Saturday  Sunday

Here you will see a list of collapsible components with the name of the room that the conflicting
bookings take place.
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B.2.2 Step 2: Expand conflict list

— /47 INTERNATIONAL
=@ ENW

Z UNIVERSITY
Normal Bookings Conflicts @ Recurring Conflicts Recurring Bookings
Sort by
Rooms Day createdw  Date
@ Axécavbpog
diATTIOq
Ohvpriia ltems perpage: | 10 1-100196 >
@ AiBovoa
TnAekmaidevong ANEEWDBPOC conflicting Bookin gs [ ] v
Type Resolve Confli
Normal Recurring
@ Kpdtnon 1477 B
Month; Pending
JAN FEB e Utsunt possimus hie aut molestias laboriosam a ab.

JuL AUG SEP @KPdTnUn 1223 0 ° 5

Wednesday 6/12 2023 11:00- 17:00 | Approved

Dolore sed quierror numquam veritatis rem

Monday  Tuesday

ARézavBpoc Conflicting Bookings [ v
Wednesday

. AREEAVDPOC conflicting Bookings [ v
Thursday Friday
Saturday Sunday AREEAVDPOC Conflicting Bookings [ v

Once clicked the component expands to show a list of all conflicting bookings that are part of this
conflict group. These are all the bookings that conflict with each other for the specific room,date and
time. Highlighted above are the following:

1. Conflict Resolution button. Once this button is pressed the system will resolve the booking
according to the selected options. In this case it would keep the green colored booking and
delete the red colored one.

2. Green color denotes the booking that will be kept.

3. Red color denotes the booking that will be deleted.
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B.2.3 Step 3: Change Booking to Keep

— A INTERNATIONAL
:e gﬂ%mm\u
N

2 UNIVERSITY
Normal Bookings Conflicts @ Recurring Conflicts Recurring Bookings
Sort by
Rooms 9 Day created v Date
@ ANegavbpog
dimog
Ohvpmia Items perpage: | 10 ¥ 1-100f19 >
@ AlBovoa
Tnheknaibevong AREgaVGpOC Conflicting Bookings ) v

Normal | Recurring
O Kpdtnon 1477 o °

Months c Wednesday 6/12 2023 09:00- 12:00| Pending

JAN FEB MAR Utsunt possimus hie aut molestias laboriosam a ab.

JuL AUG SEP @ Kpartnon 1223 e °

Wednesday 6/12 2023 11:00- 17:00| Approved
Dolore sed qui error numquam veritatis rem.

Days c

Monday Tuesday

AREgaVGpOC Conflicting Bookings ) v
Wednesday
2 AREgaVGpOC Conflicting Bookings ) v
Thursday Friday
Saturday Sunday AREEavEpOG Conflicting Bookings '] v

Clicking on a booking marks it as the one to keep while marking the rest as the ones to delete.

B.2.4 Step 4: Open edit Booking Form

— e /S INTERNATIONAL
= 4,/ HELLENIC
2

UNIVERSITY
MNormal Bookings Conflicts @ Recurring Conflicts Recurring Bookings
Sort by
Rooms ¢ Daycreatedw  Date
@ mrégavbpog
dilmnog
Ohupria Items per page | 10 ¥ 1-100f 196 >
@ Aidovoa
Tnheknaidevong ArEgaVEpOC conflicting Bookings o ~
Normal Recurring .
O Kpdtnon 1477
Bmtin 9 Wednesday 6/12 2023 09:00- 12:00 | Pending
JAN FEB MAR Ut sunt possimus hic aut molestias laboriosam  ab.

JuL AUG SEP @ Kpdrtnon 1223 e °

Wwednesday 6/12 2023 11:00-17:00 | Approved

Dolore sed qui error numgquam veritatis rem

Days ¢

Monday  Tuesday

AREEQVBpOC Conflicting Bookings [ M
Wednesday

2 ANgEQVBpOG Conflicting Bookings o v
Thursday Friday
Saturday Sunday Axégavbpog Conflicting Bookings [:] ~

Pressing the pencil button will open the edit booking form where the booking’s timing can be adjusted
to resolve the conflict.
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B.2.5 Step 5: Adjust timing accordingly

— AJ INTERNATIONAL
=Y « JEP S
ViR

Y
2 UNIvERsITY

Normal Bookings

Rooms

@ AkéEavbpog
®LAmTIOg
Ohupria

@ Aidovoa
TnAeknalbevong

Type
Normal ~ Recurring
Months
JAN FEB  MAR
APR  MAY  JUN
JuL o AUG SEP
oCT  NOV  DEC
Days
Monday  Tuesday
Wednesday
Thursday ~ Friday

Saturday Sunday

Update Booking x .

Sorthy

Booking Titler

D; ted :
ay create Kpétnon 1477 url
Public
Attendance® Tree
50-100 - Lecture -
E——— Date statt end
i f12/7/2023 09:00  _ 12:00
®!
Room
wiednt AREEavBpog -
Utsur
— Booking info =
Ut sunt possimus hic aut molestias labariosam a ab laborum quo
o commodi reprehenderit.
viedn|
Dolore -~

ANEEQvEpOC

ANEEQvEpOC

ANEEQYGpOC

Contiieung BooKINgs v v

Recurring Bookings

1-1007196 >

Moving the date of the booking will cause these two bookings to no longer be conflicting. Once the
update button is pressed the system inspects the new date and time to determine whether it conflicts
with any existing bookings.

B.2.6 Step 6: Inspect and Resolve

— A INTERNATIONAL
=@ <

Y
27 UNVERSITY

Normal Bookings

Rooms

@ Ahétavbpoc
dlAumToq
Ohupmia

@ Aidovoa
Tnieknaldeuong

Type
Normal ~ Recurring
Months

JAN FEB MAR

Days

Monday  Tuesday

Wednesday
Thursday ~ Friday

Saturday Sunday

Conflicts @ Recurring Conflicts
Sorthy
Day created v Date
ANEEQYBpOC Conflicting Bookings ) v

Resolve Conflict i=

@) Kpdatnon 1477

Thursday 7/1

22023 09:00-12:00| Pending

Utsunt possimus hic aut molestias laboriosam a ab

@ Kpdtnon 1223

wednesday 6/12 2023 11:00- 17:00 | Approved

Dolore sed qui error num quam veritatis rem

AXEEQVBpOC

AXEEQVBpOC

ANEEQV PO

Conflicting Bookings ° ~
Conflicting Bookings ° ~
Conflicting Bookings ] ~

Recurring Bookings

1-100f19%6 >

Here it is visible that the system has found that the edited date and time is available and has thus colored
the edited booking blue. The blue color marks resolved bookings. Now by pressing the resolve button

the changes made in the edit will be save and the conflict group will be resolved.
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B.2.7 Step 7: Confirm

Are you sure you want to resolve this conflict?

It is important to pay attention when resolving conflicts as deleted bookings can not be restored by the
system.

B.2.8 Step 8: Conflict Resolved

— A INTERNATIONAL
= 9 % HELLENIC

UNIVERSITY

Normal Bookings Conflicts Recurring Conflicts Recurring Bookings
Sorthy
Reome <¢ Day created v Date
@ Axécavbpog
© dikmTog
0 DAvpria ltems perpage | 10~ 1-100719 >
@ Aibovoa

Tnkeknaibevong

Type c
Normal Recurring

Months c d
JAN FEB MAR

Monday Tuesday
Wednesday
Thursday Friday

Saturday Sunday Confliet Resolved

Once the changes are finalised the systems informs the user and refreshes the lists.
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B.2.9 Step 9: Inspect Changes

_ AP INTERNATIONAL
=@ 5

Y
2 UNIVERSITY

Normal Bookings Conflicts Recurring Conflicts Recurring Bookings
Pending Active o
@ Kpatnon 1477
Cancelled AMEEavOpOC| Thursday 7/12 2023 09:00- 12:00 | Pending | Public
- & Ut sunt possimus hic aut molestias laboriosam a ab...
Normal Recurring
Months ¢ . o
® Kparnon 1456
JAN FEB MAR Anegavbpoc | Thursday 7/12 2023 20:00 - 20:00| Pending | Public
APR MAY JUN Laborum et ea incidunt animi at nisi.

JuL AUG SEP

oot nov  (DEC
® Kpatnon 1183 © °°°°

ays) 9 ANEEavOpoc| Thursday 21/12 2023 08:00-10:00 | Pending | Public
Monday Tuesday Autem beatae voluptatem enim dignissimos officia d...
Wednesday
Thursday Friday

® Kpatnon 1223 9 Q ° °

ANEEavBpog | Wednesday 6/12 2023 11:00- 17:00| Active| Private

Saturday Sunday

Publicity <¢ Dolore sed qui error numquam veritatis rem.

Public Private

@ Kpdrnon 1097 ] M—
Here we can see the previously conflicting bookings now existing normally in the list of normal book-
ings with the updated date and time.

B.3 Approve Recurring

In this section we break down the specific steps needed to approve a recurring booking and thus create
its normal booking occurrences.
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B.3.1 Step 1: Navigate to the Recurring Bookings tab

— AP INTERNATIONAL
=0 g,)\émmw
£/

UNIVERSITY

Recurring Bookings |

Select All Selectactions

° 00

Normal Bookings Conflicts @kS Recurring Conflicts
Sorthy
e ¢ Day created v
® Argtavbpog Date
dikimTog
Ohuprtia Items perpage | 10 v 1-10f1
@ Aidovoa
Tnhekmaibeuong °
Status c
Pending Active
j - 9000
e @ Recurring Test
AlBouoa Tokekmaibevone Wednesday - 08:00 | Pending | Public
Days c Na info
Monday Tuesday
Wednesday

Thursday Friday

Saturday Sunday
Publicity @
Public Private

In this tab contains a list of all the recurring booking groups.

B.3.2 Step 2: Press Approve Button

p— S INTERNATIONAL
=@ F

2 UNIVERSITY

Normal Bookings Conflicts @ Recurring Conflicts Recurring Bookings
Sorthy SelectAll  Selectastions
(REEme ¢ Day created v (0]
@ AxéCavbpog Date
dLATTIOq
OAvpnia ltems per page: | 100~ 1-10f1
@ Aldovaa
Tnhekmalbevong °
Status ¢

Pending Active
Recurring Test
Cancelled ® 9
AiBouca Tnheknaibeuone Wednesday - 08:00 | Pending | Public
Days c No info

Monday Tuesday

Wednesday
Thursday Friday
Saturday Sunday

Publicity [}
Public Private

Pressing this button begins the approval process.
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B.3.3 Step 3: Confirm Choice

Are you sure you want to confirm this booking?

Approving a recurring booking will create normal booking instances in every week of the semester.
This means that approving recurring bookings can quickly fill the available time slots in a semester.

B.3.4 Step 4: Receive System Confirmation

— /SR INTERNATIONAL
= e %g\ HELLENIC

UNIVERSITY

Normal Bookings Conflicts Recurring Conflicts Recurring Bookings
Sort by SelectAll  Select actions
Rooms ¢ Day created v Lo}
—/

@ Aregavdpog Date

© dikimmog

@ OAvpriia Items perpage: | 10 v 1-10f1

@ Aidovoa

TnAeknaibe vong
Status c

Pending Active

Cancelled
Days c

Monday = Tuesday
Wednesday

Thursday ~ Friday

Saturday Sunday
Publicity c
Public Private

Booking Status Updated

Once the approval process is done and all the normal booking instances are created the system notifies
and refreshes the lists.
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B.3.5 Step 5:

Inspect Results

— A INTERNATIONAL
=@ fFumy

Y
27 UNIVERSITY

Normal Bookings

Conflicts

Rooms
@ Arégavbpog
oihnmog
Ohvumiia

@ Aidovoa
TiAeknaidevong

Lecture Types
Lecture Seminar

Teleconference

Other
Status
Pending  Active
Cancelled
Type
Normal ~ Recurring
Months

Sort by

Daycreatedw  Alphabetical

Date

Recurring Conflicts

Items per page:

Recurring Bookings
SelectAll  Selestastions

(o]

1w~ 1-100f 1081 >

@ Recurring Test

AiBouou TnhexaiGeuong | Wednesday 22/05 2024 08:00 - 09:00 | Active | Public

Na info

@ Recurring Test

AiBouou TnhexaiGeuong | Wednesday 29/05 2024 08:00 - 09:00 | Active | Public

Na info

@ Recurring Test

AiBouou TnhexTaiGeuong | Wednesday 5/06 2024 08:00- 09:00| Active | Public

Na info

(o]

- 900

c 000

The normal booking instances can be observed in the list of the Normal Bookings tab.

B.4 Statistics

This section explains the basic flow of actions that create the statistical charts. The exact information
provided by each stat and the available options for each are explained in the main text of this paper.
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B.4.1 Step 1: Navigate to the Statistics page

/W& INTERNATIONAL
%S HELLENIC
247 UNIVERSITY

A Home May 2024 <  Today >
@ Moderator View Monday Tuesday Wednesday Thursday Friday Saturday Sunday
+ + o + 1 + 20 + 30 + 10 + 5

B s cs Kpérnon 501 KpéTnon 1202 - 8:00 Kpénon 665 - 18:00

@ Semester Management

I 8 I 9@ + 10 @

Kptrnon 113 - 20:00 Kpnon 113

11 e + 12

B Room Management

KpéTnon 665 - 18:00

.4 My Bookings Kpicnon 984 - 20:00

] aF

Kpérmnon 1289 -

+ 15 @ +

Kpéanon 561

+ 20 + + 23 + 24 + 25 + 26
+ 27 + + 30 + 31 + +
Using the sidebar select the Statistics option.
B.4.2 Step 2: Add new chart
=0 f R
Total Bookings Busiest this Semester This Week Room OCCU panCieS
Iy L/ y,
; Sprin
Approval Rate Indicators Remaining Mean Duration Week Aprll 2%24g
Week Week Month ’
8% (1005 50% in week
Approval Rate Capacity Indicator ~ Capacity Indicator inMonth Accumulative Room Ocupancies

Press button to add new statistic

By pressing the highlighted + button a new chart can be added.
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B.4.3 Step 3: Select Chart Type

— A INTERNATIONA
=@ S
ZA UNIVERSITY

in Week

inMonth Accumulative Room Ocupancies

Press button to add new statistic +

Pick Statistic

I sarvle Chart

Pressing the highlighted button opens the menu containing all the statistic types.

B.4.4 Step 4: Pick from menu

=0 ;2‘5 BRI

UNIVERSITY

in Week

inMonth Accumulative Room Ocupancies

Press button to add new statistic +

Hour of Day - Fr P
Day of Week - Fr

Day of Manth - Fr

Manth of Semester - Fr
Day of Week Duration - Fr
Manth Duration - Fr
Occupancy by Day of Week
Oceupancy by Manth
Occupancy by Semester
Occupancy by Date Range
Date Range - Fr

Date Range Duration - Fr

Picking any of these options will retrieve the associated data set for this particular statistic type.
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B.4.5 Step S: Statistic generated

— A INTERNATIONAL
Zh L

ONIVERSITY

185 100% 50% inweek

Approval Rate Gapacity Indicator  Capacity Indicator in Month

Accumulative Room Ocupancies

Press button to add new statistic +

Pick Statistic Room Dayof Week Semester Type %

W #40v8p0¢ - Monday Booking Hours Frequency
12

Now that the chart is generated additional options can be selected.

B.4.6 Step 6: Second Statistic

— e )/' INTERNATIONAL
= %S HELLENIC
U7 UNIVERSITY

48% 100% 50 inWeek

Approval Rate Capacity Indicator ~ Capacity Indicator in Month

Press button toadd new statistic

Accumulative Room Ocupancies

Pick Statistic Room Dayof Week Semester Type %

W #9¢0v5p0¢ - Monday Booking Hours Frequency
12

| l
19 20

Now that a second statistic has been added the size of the first has been reduced. This is the general
configuration for any number of generated statistics.
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B.4.7 Step 7: Select second type

A INTERNATIONAL
2. U

C
NIVERSITY
in Week
48% 100% 50%
Approval Rate Capacity Indicator  Capacity Indicator in Month Accumulative Room Ocupancies
Press button to add new statistic +
Pick Statistic Room Dayof Week Semester Type % Pick Statistic
W #4£uv0poc - Monday Booking Hours Frequency . I 5ample Chart

12
09

0
08
07

8
06
o 05
0.4

4
03
2 02
| | | | "

0
8 q 0 " 12 13 1 15 16 I 18 19 2 0

By selecting a second type and generating a new chart comparison between samples, options and
rooms can be made much more easily.

B.4.8 Step 8: Inspect charts

e »/" INTERNATIONAL
4,/ HELLENIC
E /N

NIVERSITY
in Week
48% 100% 50%
Approval Rate Capacity Indicator  Capacity Indicator in Month Accumulative Room Ocupancies
Press button to add new statistic +
Pick Statistic Room Dayof Week Semester Type % Pick Statistic Room Semester Type %
W e i S ey

12 a0
Ed

0
el

8
2

6 2
15

4
0

| I
5

: | | | | :

8 q 0 1" 12 13 1 15 16 I 18 19 2 Monday Tuesday Wednesday Thursday Friday Saturtay sungay

The type of the generated chart can be seen in the highlighted areas.
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B.4.9 Step 9: Remove chart

A INTERNATIONAL
5 pam
i Dy

-0

om
in Week

o 726/1500 . . s
144nr

Approval Rate Gapacity Indicator  Capacity Indicator in Month

Accumulative Room Ocupancies

Press button to add new statistic +

Pick Statistic Room Dayof Week Semester Type %

W #3£40v5p0¢ - Monday Booking Hours Frequency

12 40
10

8

| :

Pick Statistic Room Semester Type %

M #¢50v0poc Booking Frequency by Day ofWeek

Manday Tuesday Wednesday Thursday Friday Saturday sunday

By pressing the highlighted button the corresponding chart is removed.

B.4.10 Step 10: Original size configuration

A INTERNATIONAL
5 pam
i Dy

=0

om
in Week

48 726/1 500 100% 50%
144nr
Approval Rate Gapacity Indicator  Capacity Indicator in Month

Accumulative Room Ocupancies

Press button to add new statistic +

Pick Statistic Room Semester Type %

I #)50vipoc Booking Frequency by Day of\Week

Mongay Tuesday Wednesday

20
15
W . . . .
5
0

Thursday

Friday Saturday sunday

Now that only one chart is in the row the original size configuration is restored.
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B.5 Running Queries on the Database

In order to exercise full control over the state of the system, the option of direct manipulation of the
database is available to the Administrator. This section provides the steps necessary to run any SQL
query to the database as well as provide a direct example for creating additional departments and
buildings as well as associating them using the pivot table buildingDepartment.

B.5.1 Prerequisites

In order to be able to follow the bellow steps, the Administrator should have access to the server that
runs the system and knowledge of how to operate a bash environment.

B.5.2 Step 1: Connect to MySQL

Assuming the Administrator has logged into the server and is ready to execute the desired commands
the first step they should follow is to connect to the database via MySql by typing the following.

mysql -u bookingservice -p

) booking@booking: ~
if omysgl -u bookingservice -pg

Afterwards the Administrator will be prompted for the password to the database.
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B.5.3 Step 2: Selecting the Database

After logging into the database, we need to specify on which database the sql queries will be run. We
do this by typing the following.

USE bookingservice

$ mys=gl -u bookingservice -p

Commands end with ; or ‘g.
vour MariaDB connectlon id
Server version: 18.11.6-MariaDB-8+deb12ul Debian 12

Copwright {c) 2888, 2818, Oracle, MarlaDB Corporation Ab and others.

ype ‘help;" or "%h" for help. Type "%’ to clear the current input statement.

MariaDB [({none)]: USE bookingservice

The system will then inform whether the selection has changed.

B.5.4 Step 3: Running a Query

Now we can run any SQL query we want and directly inspect or manipulate the database. For example
we can see all the entries of the room table by typing the following.

SELECT * FROM rooms;
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B.6 Creating Departments, Buildings and Associating them

This section provides steps for the insertion of new buildings and departments as those are the only
models of the database that can’t be managed through the interface of the system.

B.6.1 Step 1: Insert Building

To insert a building run the following query.

INSERT INTO buildings (name) VALUES (’Building A’);

) boo king@booking: ~fBookingServiceBackend

Database changed
Ma B [bookingserwice]: SERT INTC builldings {name) WALUES {'Bullding A');
Query OK, 1 row affecte ) Sec)

MariaDB [bookingserwice]: o

Replace 'Building A’ with the appropriate name. Info can also be provided for the info column.

B.6.2 Step 2: Insert Department

To insert a department run the following query.

INSERT INTO departments (name) VALUES (’Department 1°);
£ bao king@booking: ~/Booking3erviceBackend
Database changed

MariaDB [boockingserwice]» IMSERT INTO departments (name) WALUES {"Department 1°);
Query OK, 1 row affected (B.881 sec)

MariaDB [bookingserwice]s

Replace 'Department 1’ with the appropriate name. Info can also be provided for the info column.

76



Appendix B. Moderator and Admin Appendix

B.6.3 Step 3: Find the required IDs

In order to connect any building and table we need to know their IDs. In order to do this we run the
following.

SELECT * FROM buildings; and SELECT * FROM departments;

Mo Info
| mMuLL

!
!
!
!
!
!
!
!
!
!
!
i
!

1fo

| Mo Info
| Department 1 | NULL

Then we can choose the entries we want to connect and continue to the next step.

B.6.4 Step 4: Insert Entry to Pivot Table

The actual connection is made using the pivot table. So we need to add an entry to this table using
the following.

INSERT_INTO building_department (building_id, department_id) VALUES (4, 3);
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| MULL

1
z

Tunuatoc
A

ipLo
ldin

Replace the values 4 and 3 with the IDs of the building and department that you want to connect.
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