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In a modern educational environment, the efficient management of equipment represents a significant and often underestimated challenge for administrative staff. Schools, universities, and training centres maintain a wide variety of technical resources — laptops, projectors, tablets, monitors, and other devices — all of which must be distributed fairly, transparently, and in an organised manner among students and teaching staff. As institutions grow and their technology inventories expand, managing these assets manually becomes increasingly unsustainable, leading to inefficiencies that ultimately affect the quality of the educational experience.
The fundamental issue that this software solution addresses is the absence of a centralised, reliable system for booking and monitoring shared equipment. Without such a tool in place, administrative staff are left to rely on spreadsheets, paper registers, or informal communication — methods that are inherently prone to human error. The consequences are predictable and recurring: booking conflicts arise when two parties unknowingly reserve the same item for the same time slot; equipment sits idle and unused because nobody is aware of its availability; and tracking the full usage history of a device becomes a time-consuming and often fruitless exercise. These inefficiencies not only frustrate staff and students alike, but also represent a poor return on the institution's investment in technical resources.
To address these challenges, the proposed solution is a dedicated educational equipment management system, developed in the Python programming language. The system is designed specifically for front-desk and administrative staff, enabling them to manage the equipment inventory with precision, register and oversee student bookings, and receive automated alerts regarding availability or scheduling conflicts. Rather than introducing a complex graphical interface that would require installation, training, and ongoing maintenance, the system operates through a command-line interface (CLI) — an approach that is lightweight, fast, and accessible even to users without advanced technical knowledge.
The target scenario reflects a realistic institutional setting: an educational centre holds an inventory of several categories of equipment, including laptops, projectors, tablets, and monitors. Students can request these items for specific calendar dates, and administrative staff are responsible for approving, registering, and managing those requests. The system must therefore support a clear set of operations: adding new equipment to the inventory or removing items that are no longer in service; registering new bookings tied to specific students and dates; viewing a real-time snapshot of equipment availability; and receiving automatic notifications whenever a conflict or unavailability is detected — before it becomes a problem.
Through the implementation of this system, four principal objectives are pursued. First, the solution aims to significantly reduce the errors that arise from manual, paper-based booking processes. Second, it is designed to save administrative staff meaningful time that would otherwise be spent cross-referencing records and resolving conflicts reactively. Third, it ensures real-time visibility of equipment availability, giving both staff and decision-makers an accurate picture of resource utilisation at any given moment. Fourth, and perhaps most critically, it prevents double bookings entirely through automatic validation logic built into the booking registration process — ensuring that no item can be reserved by two parties simultaneously without immediate detection and notification.
Taken together, these objectives position the system as a practical, scalable solution to a challenge that many educational institutions face daily, yet rarely address in a structured or technology-driven way.


[bookmark: _Toc228089180]1. Analysis (Software Requirements)

This section presents a detailed analysis of the functional and non-functional requirements of the equipment management system, identifying the full range of behaviours, constraints, and quality criteria that the software solution must satisfy in order to meet the needs of its intended users.

[bookmark: _Toc228089181]1.1 Functional Requirements
Functional requirements describe the specific behaviours and operations that the system must support in order to fulfil its core purpose. Each requirement has been identified based on the practical needs of administrative staff working within an educational setting, and together they define the complete scope of what the system is expected to do.
Adding New Equipment
One of the foundational capabilities of the system is the ability to add new equipment to the inventory. Staff can access this functionality through a dedicated option within the Equipment Management menu. When a new item is entered, the system performs an immediate validation check to ensure that the equipment code does not already exist within the inventory, thereby preventing duplicates that could cause confusion or conflicts further down the line. For example, a member of staff might add a new laptop registered under the code Lap_06, or a projector listed as Proj_05. This validation step is essential to maintaining the integrity of the inventory and ensuring that every item tracked by the system corresponds to a unique, identifiable piece of equipment.
Registering Bookings
The booking registration functionality sits at the heart of the system. It allows administrative staff to assign a specific piece of equipment to a named student for a particular date. Before confirming and saving any booking, the system carries out a series of validation checks to ensure data accuracy and prevent errors. First, it verifies that the equipment code entered by the staff member exists within the current inventory. Second, it checks that the date provided conforms to the expected format — DD-MM-YYYY — and that it represents a valid calendar date. Third, and most critically, it checks whether a booking already exists for that combination of equipment and date. If a conflict is detected, the system immediately displays a clear and informative alert message and refuses to save the booking, ensuring that no item can be double-booked under any circumstances. Only when all three validations pass successfully is the booking recorded and confirmed.
Viewing Booking Records
The system provides staff with flexible options for reviewing existing booking data. Users can access the complete list of all bookings, presented in chronological order to support easy navigation and reference. Alternatively, staff can filter bookings by a specific date, which is particularly useful during busy periods when they need a focused view of what has been reserved on a given day. Complementing this is the main dashboard, which provides an at-a-glance overview of the system's current state: the total number of equipment items in the inventory, a breakdown of which items are currently free or occupied on the present day, the total number of bookings recorded across all dates, and a summary of any active alerts requiring attention. This dashboard is designed to give administrators immediate situational awareness without requiring them to navigate through multiple menus.
Automatic Low-Availability Alerts
To support proactive management, the system automatically generates notifications whenever equipment has already been booked on the current day. These alerts are surfaced in two places: within the main menu, where the number of currently active alerts is displayed prominently so that staff are aware of them from the moment they open the application, and within a dedicated alerts section that provides a more detailed breakdown of which items are affected. This dual-display approach ensures that no alert goes unnoticed, giving staff a clear and timely picture of the day's resource constraints before they become operational problems.
User-Friendly Interface
The system has been deliberately designed with simplicity and accessibility in mind. All menus are structured around numbered options, allowing users to navigate the application quickly and intuitively. Every action is accompanied by clear confirmation messages, and any input that fails validation is met with immediate, descriptive feedback explaining what went wrong and what is expected. This approach eliminates ambiguity and ensures that staff can use the system confidently from the very first session, without requiring any prior technical training or support.
Scalability
The codebase has been structured in a modular fashion, with distinct, self-contained functions responsible for managing equipment, handling bookings, generating alerts, and rendering the dashboard. This separation of concerns means that the system can be extended in the future without disrupting existing functionality. New modules — such as report generation, CSV data export, or user authentication — can be integrated cleanly alongside the existing components, making the system a viable long-term solution that can grow alongside the institution's needs.

[bookmark: _Toc228089182]1.2 Non-Functional Requirements

Beyond its core functionalities, the system must also satisfy a set of quality criteria that govern how it performs, rather than simply what it does. These non-functional requirements are equally important in determining whether the solution is truly fit for purpose in a real-world administrative context.
Reliability is ensured through consistent validation of all booking data before it is stored, meaning that the information held in memory at any given point during a working session is guaranteed to be accurate and free from internal contradictions or corrupted entries.
Performance is maintained by the use of straightforward in-memory data structures — specifically Python lists — which allow the system to respond instantly to any registration or query operation, regardless of the volume of data being handled during a session.
Security is addressed through two complementary mechanisms: storing all data in runtime variables rather than external files eliminates the risk of accidental modifications by outside processes, while rigorous input validation at every stage of the workflow prevents malformed data from causing unexpected system errors or crashes.
Accessibility is built into the very design of the interface. As a text-based, terminal-driven application, the system is compatible with any standard command-line environment and places no demands on the user beyond a basic ability to read menu options and type responses — making it genuinely usable by any member of administrative staff, regardless of their technical background.
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[bookmark: _Toc228089184]2.1 Flowchart

Frank Bunker Gilbreth and his wife Lillian Moller Gilbreth introduced the concept of Process Charts to the American Society of Mechanical Engineers (ASME) in 1921, through their work titled First Steps in Finding the One Best Way. This methodology provided a structured approach to analysing workflows with the aim of improving efficiency, and is widely regarded as the foundation of modern process diagramming [1]
A flowchart is a visual diagram that represents a process, algorithm, or workflow using standardised shapes and arrows. Each shape has a specific meaning — ovals mark the start and end, rectangles represent actions or steps, diamonds indicate decisions (Yes/No), and arrows show the direction of the flow.
Flowcharts are widely used in programming, business, and education to plan, document, and communicate how a process works in a clear and easy-to-understand way.
[image: ]

Fig1.  Flowchart - Equipment reservation System
[bookmark: _Toc228089185]2.2 Pseudocode
“Pseudocode is a very useful device for specifying the logic of a computer program (or some critical portion of a program) prior to that program actually being written, as well as for documenting the logic of a computer program after the fact” [2].
Below is a simple pseudocode illustrating the general working principles of the application.

START
  DISPLAY Menu:
"1. Add Equipment"
"2. Make a Reservation"
"3. View Reservation" 
"4. Search Reservation"
"0. Quit / Exit" 
  READ user option:
  IF option == 1: 
READ equipment data
VALIDATE unique ID number
SAVE equipment
  IF option == 2: 
SEARCH equipment availability
IF availability: 
      SAVE reservation
ELSE: 
      DISPLAY error: "Double Reservation" 
  IF option == 3:
DISPLAY all reservation
  IF option == 4: 
READ name/equipment to search 
SEARCH reservation in system
DISPLAY results
  TURN to main menu
  ASK: "Do you want to continue?" 
  IF Yes: 
       GO BACK to menu 
  IF No (0):
      STOP
 END
[bookmark: _Toc228089186]2.3 Implementation Decisions

2.3.1 Data structures used
The system uses two main data structures, both native to Python:
[image: ]

Equipment list (equipment): a Python list of strings (str), storing the unique codes of available equipment items. The choice of a list allows for simple addition and deletion of elements, as well as efficient iteration for display purposes.
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Bookings list (reservation): a Python list of dictionaries, with each dictionary containing the keys 'equipment', 'student', and 'date'. Dictionaries allow quick access to attributes by name, while the list provides flexibility in sorting and filtering.


The main variables of the system are:

	Variable
	Type
	Description

	equipment
	list[str]
	List of available equipment codes

	reservation
	List[dict]
	List of active booking

	date_str
	str
	Date in DD-MM-YYYY format

	opt
	str
	Option selected from the menu

	status
	str
	Equipmnet status: free / unavailable




2.3.2 Programming constructs

The code makes use of the following constructs:
Conditional statements (if/elif/else): used for validating user input, checking the existence of equipment, detecting booking conflicts, and displaying appropriate error messages.
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Loops (while/for): infinite while loops for menus (exited via 'break' when '0' is selected), and for loops for iterating through equipment and booking lists. 
[image: ]

Functions: the code is structured into modular functions (display equipment, add reservation, alerts, etc.), each with a single responsibility, facilitating readability and testing.
[image: ]
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Error handling (try/except): used when converting numbers for booking list selection (int()), preventing the application from crashing on invalid input.

[image: ]
List comprehensions: used for efficient filtering (e.g. [r for r in reservation if r['date'] == d]).
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2.3.3 Python modules and libraries used


	Module
	Import
	Justification

	datetime
	date, datetime, timedelta
	Retrieving the current date, validating the date format, and calculatind future dates (timedelta)

	(built-in)
	input(), print()
	Standard CLI interface, compatible with any operating system, with no external dependencies.







[bookmark: _Toc228089187]2.4 Testing and Debugging Report

2.4.1 The importance of testing in software development
Testing represents a critical and non-negotiable stage in the lifecycle of any software product. Without rigorous and systematic testing, errors can go unnoticed throughout development and only surface once the system is already in use — at which point they may cause data loss, unexpected or inconsistent behaviour, and a significantly degraded user experience that undermines confidence in the tool.
In the specific context of this equipment management system, the stakes are particularly concrete. An error in the booking logic, for instance, could result in the same piece of equipment being reserved by two different students for the same date — a double-booking that would create a genuine, real-world conflict within the educational centre, inconveniencing both staff and students and eroding trust in the system as a whole.
Structured testing addresses these risks across three complementary dimensions. Functional testing verifies that each individual feature behaves precisely according to its defined specifications — that bookings are saved correctly, that equipment is added as expected, and that the dashboard reflects accurate data at all times. Validation testing ensures that the system responds appropriately to invalid or unexpected inputs, such as incorrectly formatted dates or unrecognised equipment codes, handling them gracefully rather than crashing or producing silent errors. Finally, regression testing confirms that any new changes or additions to the codebase do not inadvertently break functionalities that were previously working correctly — preserving the reliability of the system as it evolves over time.

2.4.2 Types of programming errors
	Error Type
	Description
	Correction method

	Syntax (SyntaxError)
	The code does not follow the grammatical rules of the Python
	Identified at compile time, corrected according to the error message provided by the interpreter.

	Runtime (RuntimeError)
	Errors occurring during execution (e.g. NameError, TypeError, ValueError, IndexError)
	Try / except is used to catch predictable errors and display helpful messages.

	Logic (LogicError)
	The code runs without errors but produce incorrect result (e.g. wrong condition in is reserved)
	Identified through exhaustive testing with specific test case, step by step debugging is used.



2.4.3 Test cases
The following table presents the test cases applied to verify the implemented validations:


	
	Action tested
	Input used
	Expected result
	Result obtained

	1
	Adding a valid new equipment item
	Lap_06
	Equipment added successfully
	PASS

	2
	Adding a duplicate equipment item
	Lap_01 (existing)
	Error: 'already exists'
	PASS

	3
	Valid booking with no conflict
	Lap_03, Ana Pop, 20-04-2026
	Booking added
	PASS

	4
	Booking with conflict (same date)
	Lap_01, Different  Student, 08-04-2026
	ALERT: already booked
	PASS

	5
	Date with invalid format
	2026/04/20 (incorrect)
	Error: invalid format, retry
	PASS

	6
	Empty field on input
	(Enter with no text)
	Error: 'empty field'
	PASS

	7
	Invalid menu option selected
	'9' or 'abc'
	Message: invalid option
	PASS

	8
	Deleting equipment with active bookings
	Proj_01 (has a booking)
	Error: active bookings exist
	PASS

	9
	Viewing bookings for a date with no bookings
	01-01-2030
	Message: no bookings
	PASS

	10
	Dashboard with active alerts
	Current date: 13-04-2026
	Alerts displayed correctly
	PASS



Note: All test cases were run manually in the Python terminal. The tests confirmed that the validations function correctly for both valid inputs and invalid inputs or edge cases.






2.4.4 Errors identified and corrected in the code
Following the analysis of the attached code, the following inconsistencies/bugs were identified:
Bug 1 – Variable 'reservations' vs 'reservation': In the function’s reservations_menu() and equipment_menu(), the code references the variable 'reservations' (with an 's'), but the global variable is defined as 'reservation' (without an 's'). This NameError would cause the application to crash when accessing these options. Fix: replace all references to 'reservations' with 'reservation'.
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Bug 2 – The today() function returns ISO format (YYYY-MM-DD), but bookings use the format DD-MM-YYYY: The comparison in is reserved() and reservations today() would fail. Fix: standardise the format or apply the appropriate conversion when comparing.
Bug 3 – Missing booking deletion module: In reservations_menu() option 4, the code references 'reservations.remove(r)', which will not work due to Bug 1. Once corrected, the logic is functional.



[bookmark: _Toc228089188]2.5 Evaluation

2.5.1 Challenges encountered

Every software development project, regardless of its scale or complexity, inevitably encounters obstacles that require thoughtful problem-solving and careful decision-making. The development of this equipment management system was no exception, and several technical and design challenges emerged across different stages of the process.
Managing Date Formats
One of the earliest and most persistent challenges involved ensuring consistency in the way dates were handled throughout the application. Python's standard libraries work natively with dates in the ISO format — YYYY-MM-DD — which, while logical from a computational standpoint, is not the format most naturally familiar to users in a Romanian educational context. A deliberate design decision was therefore made to standardise the entire user-facing side of the application on the European DD-MM-YYYY format, which is more intuitive and immediately readable for the intended audience. Implementing this required the development of dedicated validation and conversion functions that could reliably translate between the two formats at every point where date input or output occurred — during booking registration, when displaying records, and when generating alerts. Ensuring that this translation was handled consistently, without introducing subtle errors at the boundaries between the two formats, demanded additional attention and thorough testing.
Preventing Double Bookings
The conflict detection logic — one of the most critical functional requirements of the system — presented its own set of challenges, particularly when it came to identifying and handling edge cases. The straightforward scenario of two students attempting to book the same item on the same day is relatively simple to detect. However, ensuring that the validation logic was robust enough to catch all possible variations of this conflict, including cases where the equipment code was entered with slight inconsistencies, required careful and methodical implementation. Each edge case had to be considered explicitly during development, and the validation function was refined iteratively to ensure that no conflicting booking could slip through undetected under any circumstances.
CLI Interface Design
Designing a command-line interface that feels genuinely simple and intuitive, rather than merely functional, proved to be more demanding than initially anticipated. The challenge lay not in the technical implementation of the menus themselves, but in crafting an interaction flow that provides clear, helpful feedback at every step — particularly when the user makes an error or enters invalid input. Achieving these required multiple iterations of refinement, during which error messages were rewritten to be more descriptive, confirmation prompts were made more explicit, and the overall menu structure was reorganised to reduce the cognitive load on the user. Each iteration brought small but meaningful improvements to the overall experience.
Naming Inconsistencies
A particularly instructive challenge arose from an inconsistency in variable and function naming — specifically, the interchangeable use of reservation and reservations in different parts of the codebase. While this may appear to be a trivial stylistic issue at first glance, it had real consequences for the functionality of the application, causing reference errors that were not immediately obvious during development. This experience served as a valuable reminder of the importance of establishing and adhering to a consistent naming convention from the very beginning of a project, and of conducting thorough code reviews before considering any module complete.


2.5.2 Future improvements

While the current version of the system successfully meets its defined requirements, there are several meaningful extensions that would significantly enhance its capabilities and bring it closer to a production-ready solution for real institutional use.
The most pressing improvement would be the introduction of data persistence — currently, all information is stored in memory and is lost when the application closes. Implementing the ability to save and load data from a JSON or CSV file would allow bookings and inventory records to be retained between sessions, which is an essential requirement for any practical deployment.
A graphical user interface would represent a substantial step forward in terms of accessibility and user experience. Developing a desktop GUI using Tkinter, or alternatively building a web-based interface using a lightweight framework such as Flask, would make the system considerably more approachable for a broader range of users and more visually aligned with the tools that administrative staff are accustomed to using.
The addition of an authentication system with distinct user roles — such as administrator and standard staff — would introduce an important layer of security, ensuring that sensitive operations like removing equipment from the inventory are restricted to authorised personnel only.
Reporting and statistics functionality would add significant value from an administrative and managerial perspective. The ability to generate summaries of the most frequently booked equipment, identify students with the highest booking activity, or analyse usage patterns over time would support more informed decision-making and better long-term resource planning.
Automated email notifications sent directly to students upon booking confirmation would improve communication and reduce the administrative burden of manually informing users about their reservations. Finally, support for multiple-day bookings — allowing a piece of equipment to be reserved across a continuous date range rather than one day at a time — would better reflect the real-world needs of students undertaking extended projects or coursework.

2.5.3 Self-reflection

This project represented a genuinely valuable experience in the practical application of the Python programming principles studied throughout the course. The process of building a complete, functional system — encompassing structured menus, input validation, conflict detection logic, and a modular codebase — deepened my understanding of what it means to design software that is not only technically correct, but also organised in a way that is maintainable and extensible over time. Working through the full development cycle reinforced the importance of modular design and the clear separation of responsibilities between different components of the code.
The naming inconsistency encountered during development — seemingly minor in isolation — was a formative lesson in how small oversights can have disproportionately large consequences on the actual behaviour of an application. It underlined the value of testing each module individually and in isolation, rather than relying solely on end-to-end testing of the application as a whole.
Reflecting on the architectural choices made during the project, the use of lists of dictionaries as the primary data structure for storing bookings proved to be both flexible and well-suited to the scope and scale of this particular system. However, it is clear that for a production environment handling hundreds or thousands of records over time, a relational database solution — such as SQLite for a lightweight deployment or PostgreSQL for a more scalable one — would be necessary to ensure optimal performance and data integrity.
In conclusion, this project served to consolidate and deepen my competencies across several interconnected areas: Python programming, algorithmic thinking, user-oriented design, and the discipline of structured software development. It has provided a solid foundation upon which to approach more complex and ambitious projects in the future.




[bookmark: _Toc228089189]3. Conclusion
The Educational Equipment Management System developed in Python represents a functional and efficient solution to a real problem encountered in educational environments. By implementing a complete set of functionalities — inventory management, booking registration, alert display, and a monitoring dashboard — the system directly addresses the needs of administrative staff.
The analysis carried out demonstrated that both functional and non-functional requirements can be met using native Python tools, without complex external dependencies. The choice of data structures (lists and dictionaries) proved appropriate for the volume of data typical of an educational centre.
Rigorous testing confirmed that all implemented validations function correctly, including for error scenarios and invalid user inputs. The bugs identified (naming inconsistencies) have been documented and can be corrected with ease, without affecting the core logic of the application.
Taking into account the proposed improvements — data persistence, a graphical interface, authentication, and reporting — the system has significant potential to evolve into a complete, production-ready solution. The solid foundations established in this initial version provide an excellent basis for future development.
Finally, this project demonstrates that a well-designed information system, even a simple one, can bring significant benefits to the efficiency of administrative activities within educational institutions.
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176 opt = input("\n Choice: ").strip()

177

178 if opt == "1":

179 subtitle("ALL RESERVATIONS")

180 display_reservations()

181 pause()

182

183 elif opt == "2":

184 subtitle("RESERVATIONS FOR A DATE")

185 d = input_date(" Date (DD-MM-YYYY): ™)
186 filtered = [r for r in reservation if r["date"] == d]
187 print(f"\n Reservations on {d}:")

188 display_reservations(filtered)

189 pause()

190

191 elif opt == "3":

192 subtitle("ADD RESERVATION")

193 display_equipment()

194 code = input_non_empty(" Equipment: ")
195 if code not in equipment:

196 print(f" ! '{code}' does not exist in the equipment list.")
197 pause(); continue

198 student = input_non_empty(" Student name: ")




