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1. Analysis 
[bookmark: _Toc224572931]1.1 Introduction 
Bright Minds Academy is a small, privately owned tutoring academy that offers individualised learning to the students. In these lessons, tutors often apply the classroom resources like laptops, tablets, and projectors to facilitate the digital learning process. The academy is currently making bookings of equipment through manual maintenance of books. Tutors leave the name of the equipment, the name of the student who booked the equipment and the date of booking. This is easy, but it puts several staffing operations in a problem.
The danger of duplication of bookings is one of the key issues of the existing system. Due to manual booking, it is possible that an error can be made by the tutor who gives the same equipment to two or more students on the same date. This causes conflict in scheduling and the derailing of scheduled lessons. The other problem is that there is no organised record management.  This is because the more Bright Minds Academy expands and applies more digital materials in the teaching process, the more the manual system proves to be limited.
[bookmark: _Toc224572932]1.2 Business Requirement Analysis
The ultimate aim of the intended system is to enhance the organisation and control of equipment reservation at Bright Minds Academy. A computerised system enables tutors to save equipment availability, assign equipment to the students on a specific date, and save booking records effectively. This will make sure that the equipment resources are utilised well and will also minimise scheduling conflicts.
The system should be capable of supporting a number of crucial functions to attain these goals. To start with, employees must have the capability of adding new gear items to the system to ensure that any available resources are captured. Second, tutors should be capable of making bookings by allocating equipment to a student on a chosen date. Third, the system should enable users to see booking records in order to track the equipment schedules without complications. Lastly, it should have a search facility that allows tutors to access information about bookings by typing in the name of a student or the name of a piece of equipment[1].
[bookmark: _Toc224572933]1.3 Functional Requirements
Table 1 Functional Requirements
	ID
	Requirement

	FR1
	Add equipment to the system.

	FR2
	Record equipment bookings

	FR3
	View booking records

	FR4
	Search booking information

	FR5
	Cancel bookings



[bookmark: _Toc224572934]1.4 Non-Functional Requirements
Table 2 Non-Functional Requirements
	Requirement
	Description

	Usability
	Simple command-line interface

	Reliability
	Input validation to prevent incorrect data

	Efficiency
	Fast equipment lookup using dictionaries

	Maintainability
	Modular program structure



[bookmark: _Toc224572935]1.5 System Scope
The suggested system is established in the form of a Python command-based application that is applied in a small tutoring centre setting. The system is based on Python lists and dictionaries to hold the equipment and booking data throughout the program implementation. All information is held in the working memory temporarily, and this implies that the system does not depend on a database in any way. Although this makes it easy to develop and deploy, it also implies that the information in terms of booking is not permanently stored when the program ends. To enhance the system in the future, a database can be added to aid in the long-term record handling and to provide persistent storage[2].
[bookmark: _Toc224572936]2. Software Design and Development 
[bookmark: _Toc224572937]2.1 System Architecture
The equipment booking program of Bright Minds Academy is developed with a layered architecture to make the program easy to maintain, read, and gain an organised look. The general framework separates the user interaction and input validation, feature execution, and data management. This multifaceted nature is such that every component of the program is dedicated to a particular task without interdependence among other elements.
[image: ]
Figure 1 System Architecture Diagram
The highest layer in the architecture is the user interface layer, which enables the staff members to access the program via a command-line menu. System options available to the end user in the interface include the addition of equipment to the system, capturing of bookings, searching, and cancellation of bookings. This layer only aims at providing options and taking input from the user[3].
The validation layer is located under the user interface. This layer provides a check on all the inputs made by the user before being handled by the system. The validation functions ensure that the input is not empty, that equipment identifiers are present in the system, and that the date of booking is in the right format. The reason behind this is that it helps in ensuring that invalid data is not keyed into the system and increases the robustness of the application.
The second layer consists of the feature functions used to provide the key functionality of the system. These functions carry out functions like the addition of equipment items, booking recording, search of bookings, and provide booking records[5]
Lastly, the equipment and booking data are stored in the data storage layer when the program is running. This data is handled by the Python dictionaries and lists within the system. These structures enable the program to store and retrieve booking records easily, and the implementation of the program is also simple and appropriate for a small-scale application.
[bookmark: _Toc224572938]2.2 Functional Decomposition
They are divided into smaller modules that can be executed by functional decomposition, which is what the system deals with. This is by simplifying the development process since a complex system is made into manageable pieces. The modules each do a very specific job, which helps to make the code readable and more maintainable[36].
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Figure 2 Functional Decomposition Diagram
The system consists of a number of key modules that reflect the main features that the Bright Minds Academy needs. The Add Equipment module enables the staff of the organisation to add new equipment instruments into the system so that they can be utilised during booking in the future. The Record Booking module allows the tutor to book equipment for a student on a specific date. The View Booking Records feature enables users to view all the booking-related data stored in the database to ensure that usage of equipment is tracked[4].
The other essential feature is the Search Bookings. Using this module, employees can easily find records about bookings by typing in the name of a student or the equipment identifier. This enhances efficiency in ensuring the availability of equipment or checking previous bookings. Moreover, the system has a Cancel Booking module that enables the staff to cancel an existing booking in case of requirement of changes.
The system has a modular structure based on the principle of single-responsibility, which indicates that all functions must have a single well-defined task. With this principle, the program is easier to debug and maintain in the future and also easier to extend[36]. As an illustration, when such modifications are required in the booking validation process, the booking functionality is the only section that has to be changed, but not others.
[bookmark: _Toc224572939]2.3 Data Model
The logical data model establishes the relationship between equipment and booking information in the system. There are two major entities in the system: Equipment and Booking[6].
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Figure 3 Logical Data Model (ER Diagram)
The Equipment entity reflects the equipment that is present in Bright Minds Academy. Every piece of equipment is given a distinct identifier and a name. The Booking entity portrays bookings of students on particular equipment on a given date. The booking records include the details of the booking identifier, the equipment identifier, the name of the student, and the date of booking[35].
Equipment and bookings have a one-to-many relationship. This implies that one equipment item may have many booking records in the course of time. A laptop can be an example of a product that can be booked by various learners on various days. The booking party uses the equipment identifier to identify this relationship.
[bookmark: _Toc224572940]2.4 Data Structure Design
Equipment and booking data are stored in the system through Python data structures that are efficient and simple to implement. The equipment catalogue is a dictionary in which each equipment identifier is used as a key, and the equipment name is used as a value[7].
 Dictionaries enable quick recovery of data as their search is indexed on the basis of a hash, thereby enabling quick look-up in most instances. This implies that the system would be able to check the existence of an equipment identifier very fast upon recording a booking. The act of ensuring that there is no duplication of equipment is also made easy by dictionaries[9].
The records of booking are kept in a dictionary list. A dictionary describes a single booking, and it has various attributes explaining the booking details.
This is because this structure enables the system to store several booking records with the related information being stored together in the same dictionary.
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Figure 4 Python Data Structure Representation
List of bookings relates to the dictionary of equipment by citing the identifier of equipment that is saved in each booking record. This design will enable the system to associate booking records with equipment items and have a simple and flexible data structure.
[bookmark: _Toc224572941]2.5 Program Navigation
The system is based on a menu-driven program structure where users are able to interact with the system in a sequential order of options. The available operations are presented in the main menu, and a user must choose the action that he or she wants to perform by typing the appropriate number[8].
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Figure 5 Menu Navigation Flowchart
The user then picks a choice program, which invokes the relevant function to carry out the desired task. After completion of the operation, the program goes back to the main menu, enabling the user to go ahead and do other functions. This repetition goes on until the user chooses the exit option.
The menu-driven organisation enhances usability because it offers a simple and easy interface. It is easy to use and learn because one does not require high-level technical skills to navigate the system[10].
[bookmark: _Toc224572942]2.6 System Interaction
System interaction refers to the communication between the various parts of the system in the process of executing the program. A generic interaction is that of the user making a new equipment booking.

[image: ]
Figure 6 Booking Sequence Diagram
The process of interaction starts with the user typing in booking information comprising the equipment identifier, the name of the student and the date of booking. System checks the input with the first verification being checking whether the equipment identifier is present, and with the second being that the date format is proper. After the input has been verified, the system examines bookings made in order to identify possible conflicts[11].
In case there is no conflict, the booking data is added to the bookings list. Lastly, a confirmation message is shown to the user, and it shows that the booking is recorded successfully. This interaction process also makes sure that the records of booking are accurate and consistent in the system.
[bookmark: _Toc224572943]2.7 Algorithm Design 
The design of the algorithm determines the logical steps to be followed in order to execute the essence of the Bright Minds Academy Equipment Booking System in the implementation. Algorithms will give an organised display of the way the system handles the input of the user, the way it handles the data of booking and also the way the system activities have a clear and consistent flow. The program logic can be structured successfully and mapped to modular Python functions by writing algorithms in advance, before implementation[34].

Algorithms 1 (Main Program Control) control the main workflow of the system by a menu-driven loop. The program shows the options that are available and then processes the user selection until the exit option is selected. The strategy ensures that there is constant interaction, and a user can perform a variety of operations at one program session[11].

ALGORITHM MainProgram
START
Display welcome message
Load demo equipment and booking data
REPEAT
    Display main menu
    INPUT user_choice
    IF user_choice = 1 THEN
        Call AddEquipment
    ELSE IF user_choice = 2 THEN
        Call RecordBooking
    ELSE IF user_choice = 3 THEN
        Call ViewBookingRecords
    ELSE IF user_choice = 4 THEN
        Call SearchBookings
    ELSE IF user_choice = 5 THEN
        Call CancelBooking
    ELSE IF user_choice = 6 THEN
        Display exit message
        TERMINATE program
    ELSE
        Display "Invalid option"
    ENDIF
UNTIL the user chooses Exit
END

The registration of new equipment into the system follows the steps of Algorithm 2 (Add Equipment). The algorithm confirms the input of the user, verifies a duplicate equipment entry, creates a unique equipment identifier and stores the equipment information on the equipment catalogue[40].


ALGORITHM AddEquipment
START
Prompt the user to enter the equipment name
IF equipment name is empty THEN
    Display error message
    RETURN to menu
ENDIF
FOR each existing piece of equipment in the catalogue
    IF entered name matches existing equipment name THEN
        Display "Duplicate equipment"
        RETURN to menu
    ENDIF
ENDFOR
Generate a new equipment ID
Store equipment ID and name in the equipment catalogue
Display success confirmation
END

Record Booking (Algorithm 3) deals with the simulation of equipment booking records. The algorithm will ensure the equipment is available, confirm the date of the booking, and look at the currently existing booking so as to make sure there are no conflicting bookings before the new booking is stored[12].


ALGORITHM RecordBooking
START
IF the equipment catalogue is empty THEN
    Display "No equipment available"
    RETURN
ENDIF
Display equipment list
INPUT equipment ID
IF equipment ID does not exist THEN
    Display error message
    RETURN
ENDIF
INPUT student name
INPUT booking date
FOR each existing booking in the booking list
    IF equipment ID matches AND booking date matches THEN
        Display "Double booking detected"
        RETURN
    ENDIF
ENDFOR
Generate booking ID
Create a booking record containing
    booking ID
    equipment ID
    student name
    booking date
    timestamp
Store booking record in booking list
Display booking confirmation
END


View Booking Records (Algorithm 4) retrieves and shows information on bookings. The algorithm allows the optional sorting by date, as well as presents the booking data in a clear fashion[13].


ALGORITHM ViewBookingRecords
START
IF booking list is empty THEN
    Display "No bookings recorded"
    RETURN
ENDIF
Ask the user if date filtering is required
IF filter option = YES THEN
    INPUT filter date
    FOR each booking in the booking list
        IF booking date matches filter date THEN
            Display booking
        ENDIF
    ENDFOR
ELSE
    Sort the booking list by booking date
   FOR each booking in the booking list
        Display booking
    ENDFOR
ENDIF
END

The Search Bookings Algorithm 5 allows users to search booking records based on a keyword match of either the name of the students or the equipment identifier.


ALGORITHM SearchBookings
START
IF booking list is empty THEN
    Display "No bookings recorded"
    RETURN
ENDIF
Ask user to choose search type
    1 – search by student name
    2 – search by equipment
INPUT search query
FOR each booking in booking list
    IF search type = student name THEN
        IF query matches student name THEN
            Display booking
        ENDIF
    ELSE IF search type = equipment THEN
        IF query matches equipment name OR equipment ID THEN
            Display booking
        ENDIF
    ENDIF
ENDFOR
IF no match found THEN
    Display "No results found"
ENDIF
END
Lastly, in Algorithm 6 (Cancel Booking), it is possible to cancel the current bookings by ensuring the confirmation of the booking identifier and user confirmation. These algorithms, combined, constitute the logic behind the functionality of the system[14].


ALGORITHM CancelBooking
START
IF booking list is empty THEN
    Display "No bookings available"
    RETURN
ENDIF
Display all bookings
INPUT booking ID to cancel
Search booking list for matching booking ID
IF booking not found THEN
    Display error message
    RETURN
ENDIF
Display booking details
Ask user for confirmation
IF confirmation = YES THEN
    Remove booking from booking list
    Display success message
ELSE
    Display cancellation aborted
ENDIF
END

[bookmark: _Toc224572944]2.8 Implementation Decisions
There are a number of design decisions, which were necessary as the Bright Minds Academy Equipment Booking System was developed to make the program efficient, reliable, and easy to maintain. The key decisions made are their choice of suitable data structures, programming constructs, and Python modules to aid the functionality of the system.
Data Structures
The system was implemented in two main data structures, that is, dictionaries and lists. The equipment catalogue is stored in a Python dictionary with individual equipment catalogue being denoted by a unique identifier of equipment and the name of the equipment. As one example, within the entry, the equipment ID and the description of the equipment can be related as follows; that is, a row with key EQ001 and a value Laptop 1. The use of dictionaries was due to the fact that they enable an effective key-based search, through which the system is able to establish the presence or absence of a given equipment item in a relatively short time when the operations of booking are conducted[15].
A list of dictionaries is used to store the booking records. The dictionaries include information on a single booking like the identifier of the booking, equipment identifier, student name and the date of booking. The reason why lists were used is that they can flexibly store numerous booking records and also enable sequential processing during booking display and search[39].

Table 3 Key Variables
	Variable
	Purpose

	equipment_catalogue
	Stores all equipment items in the system

	bookings_log
	Stores booking records created by users

	equipment_id
	Unique identifier assigned to equipment

	booking_id
	Unique reference for each booking



Programming Constructs
System control is achieved through a number of programming constructs. The validation of user input and detection of booking conflicts are accomplished using conditional statements (if statements). Booking records go through iterative loops (for and while) to enable the continuation of the menu-based interface. Moreover, custom functions are applied to divide the work of systems into single modules, including equipment addition, booking, and searching the records. This design is very modular and this increases the readability of programs, eases debugging and increases maintainability[16].

Table 4 Python Modules Used
	Module
	Purpose

	datetime
	Used to validate and process booking dates

	sys
	Used to terminate the program when the user exits



[bookmark: _Toc224572945]2.9 Source Code
The full source code of Bright Minds Academy Equipment Booking System can be found using the GitHub repository link which is situated on the title page of this report. The program is structured in terms of modular functions that relate to the key features of the system such as the addition of equipment, booking records, viewing records, and search of booking; cancellation of bookings[33]. The code adheres to common programming standards including descriptive naming of variables, regular indentation, and clear comments to clarify the purpose of major parts.
To cite an example, there is the equipment addition functions which enables the staff to add equipment items without duplicating them. Recording of equipment identifiers and validation The logic of booking validation guarantees the presence of equipment identifiers and the examination of the existing booking records to avoid conflicts of double-booking. Search feature searches booking records and gives results matching the query of the user by name of student or equipment name[17].
The source code is contained in the report as a text as per the assessment brief as opposed to in the form of screenshots because it can be run and inspected smoothly in the process of marking. The entire program is shown in Appendix A.
[bookmark: _Toc224572946]3. Testing and Debugging 
[bookmark: _Toc224572947]3.1 Importance of Program Testing
Program testing is an important step in software development. Testing helps developers check whether the program works correctly and performs the tasks it was designed to do. Without testing, errors may remain in the system and cause problems when users try to use the program.
In the case of the Bright Minds Academy Equipment Booking System, some features would be tested and it would be determined that they are functioning as intended. The testing process ensures that the system is able to add equipment, will record bookings, search records and cancel bookings as expected. The testing also assists in ensuring that the validation rules in the program do not allow the wrong information to be put[18].
In general, testing is used to verify that the system works properly under various conditions and that the program is able to work with valid and invalid input of the user without any crash.

[bookmark: _Toc224572948]3.2 Types of Programming Errors
Programming errors may be committed during software development. Such errors can either stop the program or lead to inappropriate results of the program.
Table 5 Types of Programming Errors
	Error Type
	Description
	Example

	Syntax Error
	Error caused by incorrect Python syntax
	Missing colon in an if statement

	Runtime Error
	Error that occurs while the program is running
	Invalid user input

	Logical Error
	Program runs but produces incorrect result
	Incorrect booking validation


Syntax errors occur when the program does not follow Python language rules. These errors prevent the program from running and are usually fixed by correcting the code structure.
Runtime errors occur when the program runs but encounters a problem during execution. These errors may happen when invalid input is entered. In this system, input validation is used to reduce runtime errors[19].
Logical errors occur when the program runs successfully but produces incorrect results. Logical errors are usually detected during testing and fixed by reviewing the program logic.
[bookmark: _Toc224572949]3.3 Testing Strategy
The functionality of the equipment booking system was tested using a structured testing approach. A number of testing techniques were utilized so that the program is behaving as it should.
The functional testing was applied as a confirmation of the proper functioning of every feature of the system. The system was, for instance, tested to ensure that it is possible to add new equipment and that records of bookings can be made[20].
Validation testing was also done to test the response to invalid inputs of the system. This involves situations that involves users keying in wrong equipment identifiers or duplication of equipment names.
There was also edge case testing that tested whether the system will be able to take in odd or unexpected input conditions. These tests aid in ensuring that the system does not crash when invalid data is keyed by the users[21].
[bookmark: _Toc224572950]3.4 System Test Cases
The following test cases were used to verify that the system functions correctly.
Table 6 System Test Cases
	Test Case
	Input
	Expected Result
	Actual Result

	Add Equipment
	Laptop 3
	Equipment added successfully
	Successful

	Duplicate Equipment
	Laptop 1
	Error message displayed
	Successful

	Record Booking
	EQ001, student name, 25/03/2026
	Booking created
	Successful

	Invalid Equipment ID
	EQ999
	Error message displayed
	Successful

	Search Booking
	Alice
	Booking record displayed
	Successful

	View Booking Records
	Option 3
	Booking list displayed
	Successful


These tests confirm that the main features of the system operate correctly and that the validation logic prevents incorrect data entry[22].
[bookmark: _Toc224572951]3.5 Functional Testing Evidence
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Figure 7 Successful Equipment Addition
This figure shows the system successfully adding a new equipment item. The user selects the option to add equipment and enters the name Laptop 3. The system generates the equipment ID EQ006 and confirms that the equipment has been added[23].
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Figure 8 Duplicate Equipment Validation
This figure shows the system preventing duplicate equipment entries. When the user tries to add Laptop 1, which already exists in the system, the program displays an error message and does not add the duplicate equipment[24].
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Figure 9Successful Booking Creation
This figure shows the system successfully recording a new booking. The user enters the equipment ID EQ001, student name, and booking date 25/03/2026. The system stores the booking and generates a booking ID BK004[25].
[image: ]
Figure 10 Invalid Equipment Identifier Handling
This is a figure that indicates that the system has managed to capture a new booking. The user will enter the equipment ID EQ001, the name of the student and the booking date 25/03/2026. The booking is saved in the system, and the booking ID BK004 is created[37].
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Figure 11 Booking Search Function
This figure shows the search feature of the system. The user searches for bookings using the name Alice. The system scans the booking records and displays the matching booking.
[image: ]
Figure 12 Booking Records Display
This figure shows the list of booking records stored in the system. The information includes booking ID, equipment name, student name, and booking date. This confirms that the system stores and displays booking data correctly[38].
[bookmark: _Toc224572952]3.6 Edge Case Testing
The testing of edge cases was made to test the system in the acceptance of unusual input conditions. As an example, the system does not allow the input of the same equipment names and indicates an error in the input. In a similar manner, booking is halted when an invalid equipment ID is typed in. These tests ensure that the validation mechanisms prevent erroneous data from entering the system[26].
[bookmark: _Toc224572953]3.7 Debugging Process
Some of the problems were corrected during the development process through debugging. One of the problems was to authenticate equipment identifiers during the booking process. More validation controls were implemented just to be sure that the typed equipment ID is present in the system. The other improvement was in preventing duplication of equipment entries during the storage of equipment by comparing equipment names. Such debugging measures enhanced the accuracy of the systems and the availability of a reliable working program at the end[27].
[bookmark: _Toc224572954]4. Evaluation 
[bookmark: _Toc224572955]4.1 Challenges Faced 
There were various challenges faced during the creation of the Bright Minds Academy Equipment Booking System. The design of the logic of booking validation was one of the challenges. The system had to ensure that there was a match in the equipment catalogue with the equipment ID typed by the user. This was addressed by introducing validation prior to recording the booking. The other difficulty was to avoid duplication of bookings. The program should also make sure that one date is not booked by different students using the same equipment. To address this, the system verifies all the available booking records and then stores a new booking. The application of the search feature also needed to be tested to ensure that the system gives the right booking results[28].
[bookmark: _Toc224572956]4.2 System Strengths 
The system possesses various strengths that enhance its performance and usability of the system. The modular program design has been used as one strength. The functionality of every system, including the addition of equipment, booking recording, and records search, is carried out with the help of individual functions. This simplifies the program to be understood and maintained[29]. The other strength is that it uses dictionaries to store the equipment data. Dictionaries enable rapid search by equipment IDs, and this enhances efficiency in the system. There is also good input validation within the system to avoid inputting wrong information. Moreover, the system is user-friendly since the menu-driven interface enables the user to simply make choices using the main menu[32].

[bookmark: _Toc224572957]4.3 Future Improvements 
Though the existing system is in proper operation, a number of enhancements can be achieved in the future. A graphical user interface (GUI) can be added as one of the possible improvements. There would be a GUI where a user is able to engage with the system by making use of buttons and windows as opposed to typing in a command line. Database integration would be another improvement. Presently, the information about the bookings is temporarily stored in the memory and is lost when a program is closed. The system would need a database where booking information is stored on a permanent basis. Other enhancements can be to incorporate a system of user authentication and have more than one user using the system simultaneously[31].
[bookmark: _Toc224572958]4.4 Self-Reflection 
The project was a good learning experience in the field of software development. This project enhanced my learning on Python programming, particularly handling of lists, dictionaries, loops, and conditional statements. I also acquired the knowledge of designing algorithms in flowcharts and in pseudocode, then proceeded to write the real code of the program. The use of software development lifecycle assisted in streamlining the project into distinct phases like analysis, design, implementation, testing and evaluation. The test of the system was done to detect any errors and improve the program logic. On the whole, this project allowed me to learn how to build a simple and yet efficient software system that can address a real problem[30].
[bookmark: _Toc224572959]5. Conclusion
This project aimed at designing a simple computer-based system to enable Bright Minds Academy to effectively manage the equipment in the classroom booking. The system was also meant to substitute the current paper-based booking system, which used to lead to confusion; this system often resulted in duplication of bookings and even tracking the usage of the equipment. The booking system is a Python-driven one, which enables the management of equipment records and booking data in a more structured and organised manner.
The system was successful in the implementation of several key features. The staff members will be able to add new equipment items, book equipment on behalf of the students, access the booking history of the student, look up booking information by the names of the students or equipment identifiers, and cancel bookings when required. Another aspect of the program is input validation to avoid wrong entries and minimise the chances of booking conflicts.
The process was structured and involved system analysis, system design, implementation, testing and evaluation. The system was tested to ensure that it performs as expected and accepts valid and invalid user inputs.
The system can further be enhanced in future with the inclusion of a graphical user interface, a database where permanent information will be stored, and multiple users to make the system more appropriate for large organisations.



[bookmark: _Toc224572960]6. References 

[1]. Alaboudi, A. and LaToza, T.D., 2023. What constitutes debugging? An exploratory study of debugging episodes. Empirical Software Engineering, 28(5), p.117.
[2]. Alfalah, A.A., 2023. Factors influencing students’ adoption and use of mobile learning management systems (m-LMSs): A quantitative study of Saudi Arabia. International Journal of Information Management Data Insights, 3(1), p.100143.
[3]. Antonelli, L., Camilleri, G., Torres, D. and Zaraté, P., 2024. User acceptance test for software development in the agricultural domain using natural language processing. Journal of Decision Systems, 33(4), pp.913-936.
[4]. Ben-Yaacov, A. and Hershkovitz, A., 2023. Types of errors in block programming: Driven by the learner, the learning environment. Journal of Educational Computing Research, 61(1), pp.178-207.
[5]. Christanto, H.J. and Singgalen, Y.A., 2023. Analysis and design of a student guidance information system through the software development life cycle (SDLC) and the waterfall model. Journal of Information Systems and Informatics, 5(1), pp.259-270.
[6]. da Silva, F.I., Camossi, G., Santos, M.T.P., e Rodas, C.M., 2025. APPLICATION OF PYTHON LANGUAGE IN SEARCH ENGINE OPTIMIZATION: EXPLORING ITS CONTRIBUTION TO DATA ANALYSIS.
[7]. Dandin, S.B. and Sinha, M., tkinter Tutorial for Designing Graphical User Interface in Data Visualisation Tools like ComVisMD.
[8]. Deepika, M.A., 2025. Error Handling in Python. Wordsswiggle publication.
[9]. Díaz-Arancibia, J., Hochstetter-Diez, J., Bustamante-Mora, A., Sepúlveda-Cuevas, S., Albayay, I. and Arango-López, J., 2024. Navigating digital transformation and technology adoption: A literature review from small and medium-sized enterprises in developing countries. Sustainability, 16(14), p.5946.
[10]. Ebrahimi Salari, M., Enoiu, E.P., Afzal, W. and Seceleanu, C., 2023, March. Pylc: A framework for transforming and validating PLC software using Python and Pynguin test generator. In Proceedings of the 38th ACM/SIGAPP Symposium on Applied Computing (pp. 1476-1485).
[11]. Elhalid, O.B., Alhelal, Z.A. and Hassan, S., 2023. Exploring the Fundamentals of Python Programming: A comprehensive guide for beginners. International Journal of Computer & Information Sciences/International Journal of Computer and Information Sciences.
[12]. Fadlalla, F.F. and Elshoush, H.T., 2023. Input validation vulnerabilities in web applications: Systematic review, classification, and analysis of the current state-of-the-art. IEEE Access, 11, pp.40128-40161.
[13]. Fernández Poolan, R.O., 2024. Optimizing Python software through clean code: Practices and principles.
[14]. Forgács, I. and Kovács, A., 2024. Modern software testing techniques. Apress.
[15]. Gupta, T. and Kembhavi, A., 2023. Visual programming: Compositional visual reasoning without training. In Proceedings of the IEEE/CVF conference on computer vision and pattern recognition (pp. 14953-14962).
[16]. He, J., Treude, C. and Lo, D., 2025. Llm-based multi-agent systems for software engineering: Literature review, vision, and the road ahead. ACM Transactions on Software Engineering and Methodology, 34(5), pp.1-30.
[17]. Hoq, M., Rao, A., Jaishankar, R., Piryani, K., Janapati, N., Vandenberg, J., Mott, B., Norouzi, N., Lester, J. and Akram, B., 2025. Automated identification of logical errors in programs: advancing scalable analysis of student misconceptions. arXiv preprint arXiv:2505.10913.
[18]. Izadkhah, H. and Behzadidoost, R., 2024. Challenging Programming in Python: A Problem Solving Perspective. Springer.
[19]. Jin, H., Huang, L., Cai, H., Yan, J., Li, B. and Chen, H., 2024. From llms to llm-based agents for software engineering: A survey of current, challenges and future. arXiv preprint arXiv:2408.02479.
[20]. Liu, J., Wang, K., Chen, Y., Peng, X., Chen, Z., Zhang, L. and Lou, Y., 2024. Large language model-based agents for software engineering: A survey. ACM Transactions on Software Engineering and Methodology.
[21]. Liu, Z., Hu, X., Zhou, D., Li, L., Zhang, X. and Xiang, Y., 2022, December. Code generation from flowcharts with texts: A benchmark dataset and an approach. In Findings of the Association for Computational Linguistics: EMNLP 2022 (pp. 6069-6077).
[22]. Metwalli, S.A. and Van Meter, R., 2022. A tool for debugging quantum circuits. arXiv preprint arXiv:2205.01899.
[23]. Othman, J., 2023. Data structure uniqueness in Python programming language. Enhancing Innovations in E-Learning for Future Preparation, 5, pp.68-76.
[24]. Pan, R., Bagherzadeh, M., Ghaleb, T.A. and Briand, L., 2022. Test case selection and prioritization using machine learning: a systematic literature review. Empirical Software Engineering, 27(2), p.29.
[25]. Pappula, K.K., 2022. Modular Monoliths in Practice: A Middle Ground for Growing Product Teams. International Journal of Emerging Trends in Computer Science and Information Technology, 3(4), pp.53-63.
[26]. Pargaonkar, S., 2023. A comprehensive research analysis of software development life cycle (SDLC) agile & waterfall model advantages, disadvantages, and application suitability in software quality engineering. International Journal of Scientific and Research Publications, 13(8), pp.120-124.
[27]. Pine, D.J., 2024. Introduction to Python for science and engineering. CRC press.
[28]. Pruim, R., Gîrjău, M.C. and Horton, N.J., 2023. Fostering better coding practices for data scientists. Harvard Data Science Review, 5(3).
[29]. Rojpaisarnkit, R., 2024. An Empirical Study to Understand Pythonic Lists and Dictionaries Usage in Textbooks.
[30]. Sánchez, M., Ramirez V, G.M., Arango-López, J. and Moreira, F., 2023, April. Chatbot to assist the learning process of programming in Python. In World Conference on Information Systems and Technologies (pp. 318-328). Cham: Springer Nature Switzerland.
[31]. Schneider, D. and Schneider, D.I., 2024. Introduction to Programming Using Python, An. BoD–Books on Demand.
[32]. Schneider, D. and Schneider, D.I., 2024. Introduction to Programming Using Python, An. BoD–Books on Demand.
[33]. Schulze, R., Gorlatch, S. and Rasch, A., 2025, February. pyATF: Constraint-Based Auto-Tuning in Python. In Proceedings of the 34th ACM SIGPLAN International Conference on Compiler Construction (pp. 35-47).
[34]. Souza, J., Coelho, E., Lucas Correia, J., Lima, R., Teixeira, L. and Neto, B., Slithering Through Exception Handling Bugs in Python Understanding Root Causes, Symptoms, and Fixes. Symptoms, and Fixes.
[35]. Surís, D., Menon, S. and Vondrick, C., 2023. Vipergpt: Visual inference via python execution for reasoning. In Proceedings of the IEEE/CVF international conference on computer vision (pp. 11888-11898).
[36]. Tarsini, I. and Anggraeni, R., 2024. Explore flowchart and pseudocode concepts in algorithms and programming. Indonesian Journal of Multidisciplinary Science, 3(5).
[37]. Tattu, A., 2024. CLI Command Generation Using Generative AI (Doctoral dissertation, Sant Gadge Baba Amravati University, Amravati).
[38]. Thaiya, M.S., Julia, K. and Mbugua, S., 2022. On software modular architecture: Concepts, metrics and trends. International Journal of Computer & Organization Trends, 12(1), pp.3-10.
[39]. YULIANI, E.N.S., ADIATMIKA, I.P.G., TIRTAYASA, K. and IRIDIASTADI, H., DEVELOPMENT OF DROWSINESS DETECTION TECHNOLOGY BASED ON COMMAND LINE INTERFACE APPLICATION.
[40]. Yunanto, M.K., 2024. Application of Simple Additive Weighting Method To Design an Employee Performance Assessment System in a National Logistics Company.



[bookmark: _Toc224572961]7. Appendix
[bookmark: _Toc224572962]Appendix A

# ── Standard Library Imports ────────────────────────────────────────
# 'datetime' is used to validate and parse date strings entered by
# staff.  Using a library ensures consistent, bulletproof validation
# rather than error-prone manual string checks (e.g. 30 Feb would
# pass a simple regex but is an invalid date).
from datetime import datetime, date

# 'sys' is used only for the clean_exit() helper so we can call
# sys.exit() without raising an unhandled exception at the top level.
import sys

# ====================================================================
# SECTION 1 — CONSTANTS
# ====================================================================
# Using named constants instead of repeating raw strings throughout
# the code makes it easy to change a label in one place and have it
# propagate everywhere.  It also self-documents the code's intent.

DATE_FORMAT    = "%d/%m/%Y"          # Expected date format: DD/MM/YYYY
SEPARATOR      = "─" * 60            # Visual divider for the CLI UI
HEADER_SYMBOL  = "═" * 60            # Heavier divider for section headers
MAX_NAME_LEN   = 60                  # Maximum character length for names
MAX_EQUIP_LEN  = 50                  # Maximum character length for equipment names

# ====================================================================
# SECTION 2 — DATA STRUCTURES
# ====================================================================
# WHY DICTIONARIES?
# -----------------
# A Python dict gives O(1) average-case lookup by key (implemented
# as a hash table internally).  For the equipment catalogue we key by
# a unique equipment ID (e.g. "EQ001"), so checking whether a piece
# of equipment exists is a single hash lookup rather than a linear
# scan through a list.
#
# Alternative considered: A plain list of equipment strings.
# Rejected because: no natural unique identifier, duplicate detection
# requires O(n) scan, and retrieving a specific item by name requires
# iterating the whole list.
#
# STRUCTURE OVERVIEW:
# -------------------
#   equipment_catalogue  : dict  { equipment_id (str) -> equipment_name (str) }
#   bookings_log         : list  [ booking_dict, booking_dict, ... ]
#
#   Each booking_dict has keys:
#     "booking_id"    : str   — unique reference, e.g. "BK001"
#     "equipment_id"  : str   — matches a key in equipment_catalogue
#     "student_name"  : str   — name of the student making the booking
#     "booking_date"  : date  — Python date object (not a raw string)
#     "booked_on"     : str   — timestamp when the booking was recorded
#
# Using a date object (not a string) for "booking_date" means date
# comparisons (sorting, filtering) work correctly without any extra
# parsing.

equipment_catalogue: dict = {}   # { "EQ001": "Laptop 1", "EQ002": "Projector A" }
bookings_log:        list = []   # List of booking dictionaries

# ====================================================================
# SECTION 3 — ID GENERATORS
# ====================================================================

def generate_equipment_id() -> str:
    """
    Generate the next sequential equipment ID string.

    The ID format is 'EQ' followed by a zero-padded 3-digit integer,
    e.g. EQ001, EQ002 ... EQ999.  The number is derived from the
    current size of the equipment_catalogue so IDs are always unique
    within a single session.

    Returns
    -------
    str
        A unique equipment ID such as 'EQ001'.
    """
    # len() on a dict returns the number of key-value pairs currently
    # stored.  Adding 1 ensures the first ID is EQ001, not EQ000.
    next_number = len(equipment_catalogue) + 1
    return f"EQ{next_number:03d}"   # :03d → zero-padded to 3 digits

def generate_booking_id() -> str:
    """
    Generate the next sequential booking ID string.

    The ID format is 'BK' followed by a zero-padded 3-digit integer,
    e.g. BK001, BK002 ... BK999.

    Returns
    -------
    str
        A unique booking ID such as 'BK001'.
    """
    next_number = len(bookings_log) + 1
    return f"BK{next_number:03d}"

# ====================================================================
# SECTION 4 — INPUT VALIDATION HELPERS
# ====================================================================
# Centralising validation logic into small helper functions means:
#   (a) the same rule is enforced consistently across the program,
#   (b) each rule can be tested independently,
#   (c) main feature functions stay clean and readable.

def get_non_empty_input(prompt: str, max_length: int = MAX_NAME_LEN) -> str:
    """
    Prompt the user and return their input only if it is non-empty
    and does not exceed max_length characters.

    Loops indefinitely until valid input is supplied, preventing the
    program from crashing on empty strings passed to downstream logic.

    Parameters
    ----------
    prompt : str
        The message displayed to the user before they type.
    max_length : int
        Maximum number of characters allowed (default MAX_NAME_LEN).

    Returns
    -------
    str
        The validated, stripped user input.
    """
    while True:
        user_input = input(prompt).strip()   # .strip() removes accidental leading/trailing spaces

        if not user_input:
            # Empty string — inform user and loop again
            print("  ⚠  Input cannot be empty. Please try again.")
            continue

        if len(user_input) > max_length:
            # Too long — could indicate a paste error or wrong field
            print(f"  ⚠  Input too long (max {max_length} characters). Please try again.")
            continue

        # If we reach here, input is valid
        return user_input

def get_valid_date(prompt: str) -> date:
    """
    Prompt the user for a date string and return a Python date object.

    Uses datetime.strptime() to parse the input according to
    DATE_FORMAT (DD/MM/YYYY).  If the string does not match the
    format — or represents an impossible calendar date like 30/02/2025
    — a ValueError is raised by strptime and caught here, prompting
    the user to try again without crashing the program.

    Parameters
    ----------
    prompt : str
        The message displayed to the user before they type.

    Returns
    -------
    date
        A validated Python date object.
    """
    while True:
        raw = input(prompt).strip()

        if not raw:
            print("  ⚠  Date cannot be empty. Please use the format DD/MM/YYYY.")
            continue

        try:
            # strptime raises ValueError for bad formats AND impossible
            # dates (e.g. 31/04/2025 — April only has 30 days).
            parsed_date = datetime.strptime(raw, DATE_FORMAT).date()
            return parsed_date

        except ValueError:
            # Catches both format mismatches and invalid calendar dates
            print(f"  ⚠  '{raw}' is not a valid date. Please use DD/MM/YYYY (e.g. 27/03/2026).")

def get_menu_choice(prompt: str, valid_options: list) -> str:
    """
    Prompt the user to choose from a fixed list of options.

    Converts both the input and valid_options to uppercase before
    comparing, making the check case-insensitive.

    Parameters
    ----------
    prompt : str
        The message displayed to the user.
    valid_options : list
        A list of strings representing acceptable inputs.

    Returns
    -------
    str
        The validated choice, in uppercase.
    """
    valid_upper = [opt.upper() for opt in valid_options]

    while True:
        choice = input(prompt).strip().upper()

        if choice in valid_upper:
            return choice

        print(f"  ⚠  Invalid choice. Please enter one of: {', '.join(valid_upper)}")

# ====================================================================
# SECTION 5 — DISPLAY HELPERS
# ====================================================================

def print_header(title: str) -> None:
    """
    Print a formatted section header to the console.

    Parameters
    ----------
    title : str
        The heading text to display.
    """
    print(f"\n{HEADER_SYMBOL}")
    # Centre the title within 60 characters for a polished appearance
    print(f"  {title.upper()}")
    print(HEADER_SYMBOL)

def print_separator() -> None:
    """Print a thin horizontal separator line."""
    print(SEPARATOR)

def print_booking(booking: dict, index: int = None) -> None:
    """
    Print a single booking record in a readable, labelled format.

    Parameters
    ----------
    booking : dict
        A booking dictionary from bookings_log.
    index : int, optional
        If provided, prints a numbered prefix for list contexts.
    """
    prefix = f"  [{index}] " if index is not None else "  "

    # Retrieve the human-readable equipment name from the catalogue
    equip_name = equipment_catalogue.get(booking["equipment_id"], "Unknown Equipment")

    print(f"{prefix}Booking ID    : {booking['booking_id']}")
    print(f"       Equipment     : {equip_name} ({booking['equipment_id']})")
    print(f"       Student       : {booking['student_name']}")
    print(f"       Date          : {booking['booking_date'].strftime(DATE_FORMAT)}")
    print(f"       Recorded at   : {booking['booked_on']}")
    print_separator()

# ====================================================================
# SECTION 6 — CORE FEATURE FUNCTIONS
# ====================================================================

# ── Feature 1: Add Equipment ─────────────────────────────────────────

def add_equipment() -> None:
    """
    Add a new piece of equipment to the equipment_catalogue.

    Workflow:
      1. Prompt for the equipment name.
      2. Check for duplicates (case-insensitive) to prevent confusion.
      3. Assign a unique auto-generated ID.
      4. Store in the equipment_catalogue dictionary.
      5. Confirm success to the user.

    Validation:
      - Equipment name cannot be empty.
      - Duplicate equipment names are rejected with a warning.
    """
    print_header("Add New Equipment")

    # Step 1: Get equipment name from staff
    equipment_name = get_non_empty_input(
        "  Enter equipment name (e.g. 'Laptop 1', 'Projector A'): ",
        max_length=MAX_EQUIP_LEN
    )

    # Step 2: Duplicate check — compare against all existing names,
    # converting to lowercase so 'laptop 1' and 'Laptop 1' are treated
    # as the same item.
    existing_names_lower = [name.lower() for name in equipment_catalogue.values()]

    if equipment_name.lower() in existing_names_lower:
        print(f"\n  ⚠  Equipment '{equipment_name}' already exists in the system.")
        print("     No duplicate was added. Returning to main menu.\n")
        return   # Exit the function early; no changes made

    # Step 3 & 4: Generate ID and store in catalogue
    new_id = generate_equipment_id()
    equipment_catalogue[new_id] = equipment_name

    # Step 5: Confirm success
    print(f"\n  ✔  Equipment added successfully!")
    print(f"     ID   : {new_id}")
    print(f"     Name : {equipment_name}\n")

# ── Feature 2: Record a Booking ──────────────────────────────────────

def record_booking() -> None:
    """
    Record a new equipment booking for a student on a specific date.

    Workflow:
      1. Display the current equipment catalogue.
      2. Prompt for equipment ID, student name, and booking date.
      3. Validate that the equipment ID exists.
      4. Check for double-booking (same equipment, same date).
      5. Create a booking dictionary and append to bookings_log.
      6. Confirm the booking details to the user.

    Validation:
      - Equipment catalogue must not be empty (guard clause).
      - Equipment ID must exist in catalogue.
      - Date must be a valid calendar date in DD/MM/YYYY format.
      - Same equipment cannot be booked twice on the same date
        (prevents the double-booking problem described in the brief).
    """
    print_header("Record a New Booking")

    # Guard clause: cannot book if no equipment has been added yet
    if not equipment_catalogue:
        print("  ⚠  No equipment in the system yet.")
        print("     Please add equipment first (Option 1 from the main menu).\n")
        return

    # Step 1: Show available equipment so staff can see valid IDs
    print("  Available Equipment:")
    print_separator()
    for eq_id, eq_name in equipment_catalogue.items():
        print(f"    {eq_id}  →  {eq_name}")
    print_separator()

    # Step 2a: Get equipment ID
    equipment_id = get_non_empty_input("  Enter Equipment ID (e.g. EQ001): ").upper()

    # Step 3: Validate equipment ID exists in catalogue
    if equipment_id not in equipment_catalogue:
        print(f"\n  ⚠  Equipment ID '{equipment_id}' not found.")
        print("     Please check the list above and try again.\n")
        return

    # Step 2b: Get student name
    student_name = get_non_empty_input("  Enter Student Name: ")

    # Step 2c: Get and validate booking date
    booking_date = get_valid_date("  Enter Booking Date (DD/MM/YYYY): ")

    # Step 4: Double-booking check — search existing bookings for the
    # same equipment on the same date.
    # Using a generator expression with any() is efficient: it stops
    # scanning as soon as a conflict is found (short-circuit evaluation).
    is_double_booked = any(
        b["equipment_id"] == equipment_id and b["booking_date"] == booking_date
        for b in bookings_log
    )

    if is_double_booked:
        equip_name = equipment_catalogue[equipment_id]
        print(f"\n  ⚠  Double booking detected!")
        print(f"     '{equip_name}' is already booked on {booking_date.strftime(DATE_FORMAT)}.")
        print("     Please choose a different date or a different piece of equipment.\n")
        return

    # Step 5: Build the booking record as a dictionary and store it
    new_booking = {
        "booking_id"    : generate_booking_id(),
        "equipment_id"  : equipment_id,
        "student_name"  : student_name,
        "booking_date"  : booking_date,
        # Record the exact timestamp when this booking was made
        "booked_on"     : datetime.now().strftime("%d/%m/%Y %H:%M:%S")
    }

    bookings_log.append(new_booking)   # O(1) amortised append to list

    # Step 6: Confirm booking details
    equip_name = equipment_catalogue[equipment_id]
    print(f"\n  ✔  Booking recorded successfully!")
    print(f"     Booking ID : {new_booking['booking_id']}")
    print(f"     Equipment  : {equip_name}")
    print(f"     Student    : {student_name}")
    print(f"     Date       : {booking_date.strftime(DATE_FORMAT)}\n")

# ── Feature 3: View Booking Records ──────────────────────────────────

def view_booking_records() -> None:
    """
    Display all bookings stored in bookings_log.

    The user can optionally filter results by a specific date.
    Bookings are displayed sorted by date (ascending) so staff can
    easily see the schedule in chronological order.

    Workflow:
      1. Guard clause — exit if no bookings exist.
      2. Ask whether to filter by date.
      3. If filtering: show only bookings matching the given date.
      4. Sort and display the results.
    """
    print_header("View Booking Records")

    # Guard clause
    if not bookings_log:
        print("  ℹ  No bookings have been recorded yet.\n")
        return

    # Step 2: Optional date filter
    filter_choice = get_menu_choice(
        "  Filter by a specific date? (Y / N): ",
        valid_options=["Y", "N"]
    )

    if filter_choice == "Y":
        filter_date = get_valid_date("  Enter date to filter by (DD/MM/YYYY): ")
        # List comprehension: collect only bookings matching filter_date
        results = [b for b in bookings_log if b["booking_date"] == filter_date]

        if not results:
            print(f"\n  ℹ  No bookings found for {filter_date.strftime(DATE_FORMAT)}.\n")
            return

        print(f"\n  Bookings on {filter_date.strftime(DATE_FORMAT)} ({len(results)} found):")
    else:
        # No filter — show everything
        results = bookings_log[:]   # Shallow copy so sorting doesn't mutate original list
        print(f"\n  All Bookings ({len(results)} total):")

    # Step 4: Sort by booking_date ascending.
    # Python's sort is stable (Timsort), so equal dates preserve
    # their original insertion order.
    results.sort(key=lambda b: b["booking_date"])

    print_separator()
    for i, booking in enumerate(results, start=1):
        print_booking(booking, index=i)

# ── Feature 4: Search Bookings ───────────────────────────────────────

def search_bookings() -> None:
    """
    Search bookings by student name or equipment name/ID.

    A case-insensitive substring match is used so staff do not need
    to type an exact full name.  For example, searching 'alice' will
    find 'Alice Smith'.

    Workflow:
      1. Guard clause — exit if no bookings exist.
      2. Ask whether to search by student name or equipment name.
      3. Get the search query.
      4. Scan bookings_log for matches (case-insensitive substring).
      5. Display results.
    """
    print_header("Search Bookings")

    # Guard clause
    if not bookings_log:
        print("  ℹ  No bookings have been recorded yet.\n")
        return

    # Step 2: Choose search type
    print("  Search by:")
    print("    S — Student name")
    print("    E — Equipment name or ID")
    search_type = get_menu_choice("  Enter choice (S / E): ", valid_options=["S", "E"])

    # Step 3: Get search query
    query = get_non_empty_input("  Enter search term: ").lower()

    # Step 4: Perform the search
    matches = []

    for booking in bookings_log:
        if search_type == "S":
            # Check if query is a substring of the student name
            if query in booking["student_name"].lower():
                matches.append(booking)

        else:  # search_type == "E"
            # Check against both equipment name AND equipment ID
            equip_name = equipment_catalogue.get(booking["equipment_id"], "").lower()
            equip_id   = booking["equipment_id"].lower()

            if query in equip_name or query in equip_id:
                matches.append(booking)

    # Step 5: Display results
    if not matches:
        print(f"\n  ℹ  No bookings found matching '{query}'.\n")
        return

    print(f"\n  Found {len(matches)} matching booking(s):")
    print_separator()
    for i, booking in enumerate(matches, start=1):
        print_booking(booking, index=i)

# ── Feature 5: Cancel a Booking ──────────────────────────────────────

def cancel_booking() -> None:
    """
    Cancel (remove) an existing booking by its Booking ID.

    Workflow:
      1. Guard clause — exit if no bookings exist.
      2. Display all existing bookings so staff can identify the ID.
      3. Prompt for the Booking ID to cancel.
      4. Confirm the target booking with the user before deletion.
      5. Remove the booking from bookings_log.

    Note: This does NOT shift other IDs.  BK001, BK002, BK004 is
    valid after deleting BK003 — IDs are not re-used within a session.
    """
    print_header("Cancel a Booking")

    # Guard clause
    if not bookings_log:
        print("  ℹ  No bookings to cancel.\n")
        return

    # Step 2: Show current bookings
    print("  Current Bookings:")
    print_separator()
    for i, booking in enumerate(bookings_log, start=1):
        print_booking(booking, index=i)

    # Step 3: Get Booking ID to cancel
    target_id = get_non_empty_input("  Enter Booking ID to cancel (e.g. BK001): ").upper()

    # Search for the booking by ID
    # next() with a default of None returns the first match or None
    # if no match is found — avoids a try/except for the lookup.
    target_booking = next(
        (b for b in bookings_log if b["booking_id"] == target_id),
        None
    )

    if target_booking is None:
        print(f"\n  ⚠  Booking ID '{target_id}' not found.\n")
        return

    # Step 4: Confirm deletion — destructive actions should always
    # require explicit user confirmation to prevent accidents.
    equip_name = equipment_catalogue.get(target_booking["equipment_id"], "Unknown")
    print(f"\n  You are about to cancel:")
    print(f"     Booking ID : {target_booking['booking_id']}")
    print(f"     Equipment  : {equip_name}")
    print(f"     Student    : {target_booking['student_name']}")
    print(f"     Date       : {target_booking['booking_date'].strftime(DATE_FORMAT)}")

    confirm = get_menu_choice("\n  Are you sure? (Y / N): ", valid_options=["Y", "N"])

    if confirm == "N":
        print("  Cancellation aborted. No changes made.\n")
        return

    # Step 5: Remove the booking from the list
    # list.remove() removes the FIRST occurrence of the given value.
    # Because bookings are dictionaries, Python compares by identity
    # here (since we have a direct reference from the search above).
    bookings_log.remove(target_booking)
    print(f"\n  ✔  Booking {target_id} has been successfully cancelled.\n")

# ====================================================================
# SECTION 7 — DEMO DATA LOADER
# ====================================================================

def load_demo_data() -> None:
    """
    Populate the system with sample equipment and bookings so the
    marker can immediately test all features without entering data
    manually.

    This function is called once at startup and is clearly separated
    from the production logic.  In a real deployment it would be
    removed or replaced by a data persistence mechanism.
    """
    # Add sample equipment directly to the dictionary
    equipment_catalogue["EQ001"] = "Laptop 1"
    equipment_catalogue["EQ002"] = "Laptop 2"
    equipment_catalogue["EQ003"] = "Projector A"
    equipment_catalogue["EQ004"] = "Tablet 1"
    equipment_catalogue["EQ005"] = "Tablet 2"

    # Add sample bookings directly to the list
    sample_bookings = [
        {
            "booking_id"   : "BK001",
            "equipment_id" : "EQ001",
            "student_name" : "Alice Johnson",
            "booking_date" : date(2026, 3, 20),
            "booked_on"    : "16/03/2026 09:00:00"
        },
        {
            "booking_id"   : "BK002",
            "equipment_id" : "EQ003",
            "student_name" : "Bob Smith",
            "booking_date" : date(2026, 3, 20),
            "booked_on"    : "16/03/2026 09:05:00"
        },
        {
            "booking_id"   : "BK003",
            "equipment_id" : "EQ002",
            "student_name" : "Carol White",
            "booking_date" : date(2026, 3, 21),
            "booked_on"    : "16/03/2026 09:10:00"
        },
    ]

    bookings_log.extend(sample_bookings)  # extend() adds all items from the list

# ====================================================================
# SECTION 8 — MAIN MENU & PROGRAM ENTRY POINT
# ====================================================================

def display_main_menu() -> None:
    """
    Print the main navigation menu to the console.

    Kept as a separate function so it can be called repeatedly inside
    the main loop without duplicating the menu string.
    """
    print(f"\n{HEADER_SYMBOL}")
    print("   BRIGHT MINDS ACADEMY — EQUIPMENT BOOKING SYSTEM")
    print(HEADER_SYMBOL)
    print("   1  →  Add New Equipment")
    print("   2  →  Record a Booking")
    print("   3  →  View Booking Records")
    print("   4  →  Search Bookings")
    print("   5  →  Cancel a Booking")
    print("   6  →  Exit")
    print(HEADER_SYMBOL)

def main() -> None:
    """
    Program entry point: displays a welcome message, loads demo data,
    then runs the main menu loop until the user chooses to exit.

    The main loop uses a while True construct with explicit break
    conditions, which is the standard Python pattern for interactive
    menus.  Each menu option maps directly to a dedicated function,
    keeping this function clean and readable.
    """
    # Welcome banner
    print(HEADER_SYMBOL)
    print("   Welcome to Bright Minds Academy Booking System")
    print("   Version 1.0  |  ACCA5036 Coursework Submission")
    print(HEADER_SYMBOL)

    # Load demo data so the marker can test all features immediately
    load_demo_data()
    print("\n  ℹ  Demo data loaded: 5 equipment items, 3 sample bookings.")
    print("     You can start testing immediately or add your own data.\n")

    # ── Main event loop ─────────────────────────────────────────────
    while True:
        display_main_menu()

        # get_menu_choice ensures only "1"–"6" are accepted
        choice = get_menu_choice(
            "\n  Enter your choice (1–6): ",
            valid_options=["1", "2", "3", "4", "5", "6"]
        )

        # Dispatch to the appropriate feature function
        if choice == "1":
            add_equipment()

        elif choice == "2":
            record_booking()

        elif choice == "3":
            view_booking_records()

        elif choice == "4":
            search_bookings()

        elif choice == "5":
            cancel_booking()

        elif choice == "6":
            # Clean exit with a farewell message
            print("\n  Goodbye! The Bright Minds Academy Booking System is now closed.")
            print("  All session data has been cleared (no persistent storage in v1.0).\n")
            sys.exit(0)   # Exit code 0 signals successful termination to the OS

# ====================================================================
# SECTION 9 — SCRIPT GUARD
# ====================================================================
# The if __name__ == "__main__": guard is a Python best practice.
# It ensures that main() is only called when this file is executed
# DIRECTLY (e.g. `python equipment_booking_system.py`), and NOT when
# it is imported as a module by another script (e.g. unit tests).
# Without this guard, importing this file would immediately launch
# the interactive program, which is undesirable.

if __name__ == "__main__":
    main()
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