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[bookmark: _Toc1413341063][bookmark: _Toc732017625]Bright Minds Academy
[bookmark: _Toc864727314][bookmark: _Toc379808421]1.0 INTRODUCTION
The Academic Equipment Booking System was created to address the inefficiency in managing shared learning resources in a tutoring or academic setting. Paper-based or informal communication is traditionally used to record equipment such as laptops, tablets and projectors. This can lead to record duplication, lost information, poor inventory management and administrative inefficiency. Such difficulties limit operational efficiency and may adversely affect students' learning process. 

The proposed system offers an organised, computerised system that allows its staff to handle equipment inventory, bookings, returns and search for booking records effectively. The system provides an automatic update on the availability of equipment whenever a booking or a return is made, eliminating chances of human error. Furthermore, validation processes are used to verify proper formats of dates, verify equipment availability prior to booking and overbooking in cases with no stock available. 

All booking information is persisted in a JSON file, providing a simple database-like structure without the need for a full database management system. Its design is based on modular, menu-driven design to enhance usability, maintainability and reliability. On the whole, this solution offers a viable, scalable prototype that can help small academic institutions better manage their resources. 

[bookmark: _Toc1572907411][bookmark: _Toc2009148343]2.0 REQUIREMENT ANALYSIS
The Academic Equipment Booking System was intended to address the inefficiencies of the manual control over the shared academic equipment. The traditional paper system is known to misplace records, create duplication and hardened access to past records. A computer-based solution is a methodical, genuine solution to managing equipment based on Python and persistent JSON storage, which can easily store data without a complete database management system. 
The system allows the user to control the equipment available, adding equipment items, booking, booking history, search bookings by name and equipment and return equipment and update bookings. The system validates the presence of the equipment selected when booking and only then the transaction is confirmed. When equipment is returned, the booking status is updated to allow correct and traceable records [1]. 
The prototype is devoted to the creative nature of menu navigation, data persistence and organised record keeping. Knowingly, other advanced features such as date, quantity, unique booking ID, graphics interfaces and multi-user authentication were not offered to make the system simple and within the project requirements. This methodology is more focused on small to medium-scale application usability and scalability whilst being simple. The next version can be made more functional by adding more advanced options such as automated notifications, real time additions or integration with larger database systems to make it more adaptive to the more complex operational requirements. 
The usability that has been accomplished through the simple menu-based interface, the reliability that has been accomplished through the simplified validation and the error management, maintainability that has been accomplished through the use of modular programming and portability that has been accomplished through the use of standard python libraries and the use of the JSON based storage are some of the non-functional requirements that have been addressed [2].
MoSCow Table
	Requirement Type
	Description
	Included in Prototype?

	MUST Have
	Ability to view equipment list
	✔ Yes

	MUST Have
	Add new equipment items
	✔ Yes

	MUST Have
	Record a booking (student + equipment)
	✔ Yes

	MUST Have
	View all booking records
	✔ Yes

	MUST Have
	Search bookings by student or equipment name
	✔ Yes

	MUST Have
	Save and load data using JSON files
	✔ Yes

	SHOULD Have
	Return equipment (update booking status)
	✔ Yes

	SHOULD Have
	Amend existing bookings
	✔ Yes

	COULD Have
	Unique booking ID generation
	✘ Not implemented

	COULD Have
	Date validation for bookings
	✘ Not implemented

	COULD Have
	Graphical user interface (GUI)
	✘ Not implemented

	WON’T Have (for now)
	Multi‑user authentication
	✘ Excluded

	WON’T Have (for now)
	Integration with external databases
	✘ Excluded

	COULD Have
	Equipment availability tracking (quantities)
	✘ Not implemented

	WON’T Have (for now)
	Automated conflict detection (date/time)
	✘ Excluded




[bookmark: _Toc393383203][bookmark: _Toc2060091755]The Structure diagram below
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[bookmark: _Toc1505066528][bookmark: _Toc706073715]3.0 Software Design and Development 
Design and development processes convert system requirements into functional solutions as a process under software development lifecycle (SDLC). This system was planned a long time before its implementation so that it could fulfil both functional and non-functional requirements. The user interactions were mapped with the help of flowcharts and pseudocode used to create a logical structure of the programme. 
In order to enhance maintainability and readability, modularity was applied. Stores and equipment's return are two roles that are independent such as viewing equipment, add equipment, search records and add records. The formal breakdown is a better way to be more precise and reduce redundancy. The system is a menu-based system, and is menu-based design, which allows one to navigate the menu in a rational and predictable manner. 
Data was stored using the JSON storage so the system could store a list of equipment and booking history between sessions without using a central database. The input validation and error handling as well as the clear user feedback were made very reliable in the design. In general, the development phase could transform theoretical design ideas into a practical, structured and working prototype successfully
[bookmark: _Toc65171456][bookmark: _Toc366250241]3.1.1 Flowchart
[image: ]

A flowchart is a diagrammatic depiction of an algorithm or procedure that consists of standardised symbols that are used to depict the sequence of operations, decision points and data flow in a system. It gives a visual understanding of the programme logic and thus difficult processes become easier to understand and analyse. Flowcharts are commonly applied to the software engineering field to assist with the system design and problem decomposition prior to coding.
Flowchart was created to visualise the logical structure of Academic Equipment Booking System prior to implementation. It assists in explaining how the input of users is verified, the process of making a decision and updating and storing data. The flowchart is also used to define the booking process in stages, eliminating any ambiguity, as well as to establish that every stage of processing is causally related to the next [3].
[bookmark: _Toc1571580374][bookmark: _Toc156474006]Flowchart Logic Explanation 
The flowchart starts with the Start terminator which is an indication of the beginning of the booking process. The second task is to load system data, which is a symbol of the data storage, with the help of the JSON file. This will make sure that the existing equipment and records on booking are in memory. 
The system then shows the available equipment in an output symbol whereby equipment IDs, names and quantities are shown to the user. Output/input symbols are used to help the user type in an equipment id and a booking date. 
The first decision is a cheque that the date typed in is in the required format of YYYY-MM-DD. In the event of invalid date then an error message will be shown and the process will be terminated. In case valid, the system goes to the second stage of decision [4]. 
The second decision is used to confirm the existence of equipment in the system. Otherwise, an error message will be produced and the process will be terminated. The third decision is to verify that the number of equipment is more than zero in case the equipment is available. In case the equipment is not available, an appropriate message will be displayed. 
In case validation conditions are met, the system will produce a unique booking ID. Then, a new booking record is created including student name, equipment ID, date of booking and record status. It is either the inventory gets updated by one point less. 
Lastly, the new data is then stored in the JSON file using a data storage symbol. The user is shown a confirmation message that he/she has succeeded in booking and the flow is terminated by the symbol End terminator. 
This hierarchy will allow proper validation, eliminate the chance of overbooking and ensure that there is always an accurate amount of inventory [5].
[bookmark: _Toc229716445][bookmark: _Toc393250947]The IPO table 
	Input
	Process
	Output

	User selects menu option
	System displays corresponding function
	Menu navigation

	User enters new equipment name
	Append to equipment list
	Confirmation message

	Student name + equipment name
	Validate equipment exists → create booking record
	Booking stored + success message

	User requests to view equipment
	Retrieve equipment list
	Display list

	User requests to view bookings
	Retrieve booking records
	Display records

	Search term (student/equipment)
	Filter bookings by keyword
	Matching results

	User selects booking to return
	Update booking status to “Returned”
	Status updated

	User selects booking to amend + new details
	Modify booking fields
	Updated booking

	Save command
	Write equipment + bookings to JSON
	Data saved

	Load command
	Read JSON files into memory
	Data loaded




[bookmark: _Toc399174991][bookmark: _Toc1710017694]3.1.2 Pseudocode 
	BEGIN PROGRAM
 
    IMPORT json, os
 
    ----------------------------------------
     FUNCTION save_data(equipment_list, bookings)
         OPEN "equipment_data.json" FOR WRITING
         WRITE equipment_list AS JSON
         CLOSE FILE
 
        OPEN "booking_records.json" FOR WRITING
         WRITE bookings AS JSON
         CLOSE FILE
 
        DISPLAY "Data saved successfully."
     END FUNCTION
     ----------------------------------------
 
    ----------------------------------------
     FUNCTION load_data()
         IF "equipment_data.json" EXISTS THEN
             READ JSON FROM FILE INTO equipment_list
         ELSE
             equipment_list ← empty list
         END IF
 
        IF "booking_records.json" EXISTS THEN
             READ JSON FROM FILE INTO bookings
         ELSE
             bookings ← empty list
         END IF
 
        RETURN equipment_list, bookings
     END FUNCTION
     ----------------------------------------
 
    ----------------------------------------
     DEFINE DEFAULT_EQUIPMENT AS LIST OF 20 ITEMS:
         ["Laptop", "Projector", "HDMI Cable", "Microphone", "Tripod",
          "DSLR Camera", "Lighting Kit", "Tablet", "VR Headset", "3D Printer",
          "Laser Pointer", "Portable Speaker", "Graphics Tablet", "Monitor",
          "Keyboard", "Mouse", "Webcam", "Audio Recorder", "Green Screen",
          "Portable Hard Drive"]
     ----------------------------------------
 
    ----------------------------------------
     FUNCTION view_equipment(equipment_list)
         DISPLAY "Equipment List"
         FOR each item WITH index i IN equipment_list
             DISPLAY i and item
         END FOR
     END FUNCTION
     ----------------------------------------
 
    ----------------------------------------
     FUNCTION add_equipment(equipment_list)
         PROMPT "Enter new equipment name"
         INPUT new_item
 
        IF new_item IS NOT EMPTY THEN
             APPEND new_item TO equipment_list
             DISPLAY "Item added."
         ELSE
             DISPLAY "Invalid entry."
         END IF
     END FUNCTION
     ----------------------------------------
 
    ----------------------------------------
     FUNCTION record_booking(bookings, equipment_list)
         PROMPT "Student Name"
         INPUT student
 
        PROMPT "Equipment Name"
         INPUT equipment
 
        IF equipment NOT IN equipment_list THEN
             DISPLAY "Equipment not found."
             RETURN
         END IF
 
        CREATE booking RECORD:
             student: student
             equipment: equipment
             status: "Booked"
 
        APPEND booking TO bookings
         DISPLAY "Booking recorded."
     END FUNCTION
     ----------------------------------------
 
    ----------------------------------------
     FUNCTION view_bookings(bookings)
         DISPLAY "Booking Records"
         FOR each booking WITH index i IN bookings
             DISPLAY i, booking.student, booking.equipment, booking.status
         END FOR
     END FUNCTION
     ----------------------------------------
 
    ----------------------------------------
     FUNCTION search_records(bookings)
         PROMPT "Search term"
         INPUT term
         CONVERT term TO LOWERCASE
 
        DISPLAY "Search Results"
         FOR each booking IN bookings
             IF term IN booking.student (lowercase)
                OR term IN booking.equipment (lowercase)
                 DISPLAY booking details
             END IF
         END FOR
     END FUNCTION
     ----------------------------------------
 
    ----------------------------------------
     FUNCTION return_equipment(bookings)
         CALL view_bookings(bookings)
 
        PROMPT "Select booking number to return"
         INPUT index
         index ← index - 1
 
        IF index IS VALID THEN
             SET bookings[index].status TO "Returned"
             DISPLAY "Equipment returned."
         ELSE
             DISPLAY "Invalid selection."
         END IF
     END FUNCTION
     ----------------------------------------
 
    ----------------------------------------
     FUNCTION amend_booking(bookings)
         CALL view_bookings(bookings)
 
        PROMPT "Select booking number to amend"
         INPUT index
         index ← index - 1
 
        IF index IS VALID THEN
             PROMPT "New student name (blank to keep)"
             INPUT new_student
 
            PROMPT "New equipment name (blank to keep)"
             INPUT new_equipment
 
            IF new_student NOT EMPTY THEN
                 UPDATE bookings[index].student
             END IF
 
            IF new_equipment NOT EMPTY THEN
                 UPDATE bookings[index].equipment
             END IF
 
            DISPLAY "Booking updated."
         ELSE
             DISPLAY "Invalid selection."
         END IF
     END FUNCTION
     ----------------------------------------
 
    ----------------------------------------
     MAIN PROGRAM START
 
        CALL load_data() → equipment_list, bookings
 
        IF equipment_list IS EMPTY THEN
             equipment_list ← COPY OF DEFAULT_EQUIPMENT
         END IF
 
        LOOP FOREVER
             DISPLAY MAIN MENU:
                 1. View Equipment
                 2. Add Equipment
                 3. Record Booking
                 4. View Booking Records
                 5. Search Records
                 6. Return Equipment
                 7. Amend Booking
                 8. Save Data
                 9. Exit
 
            PROMPT "Select an option"
             INPUT choice
 
            SWITCH choice
                 CASE "1": CALL view_equipment
                 CASE "2": CALL add_equipment
                 CASE "3": CALL record_booking
                 CASE "4": CALL view_bookings
                 CASE "5": CALL search_records
                 CASE "6": CALL return_equipment
                 CASE "7": CALL amend_booking
                 CASE "8": CALL save_data
                 CASE "9": EXIT LOOP
                 DEFAULT: DISPLAY "Invalid option."
             END SWITCH
         END LOOP
 
        DISPLAY "Exiting system."
 
    END MAIN PROGRAM
 
END PROGRAM




The pseudocode is a language-neutral description of an algorithm which does not adhere directly to the programming syntax rules. It is utilised to demonstrate the flow of a programme in a clear and simple manner. Pseudocode enables the developers to write logic instead of syntax at the design stage. Pseudocode relates flowcharts and real source code. Logic statements are decomposed into manageable logic statements and then executable statements. 
Use of the Pseudocode in This Project. 
Pseudocode was created to reflect the logical flow of the Academic Equipment Booking System. Rules of validation, decision-making and updating of the inventory are explained prior to coding. Pseudo code minimises logical errors and viewing equipment, booking, validating inputs and storing data is more organised. 
Pseudocode Logic Analysis. 
The menu options are given in the main controls loop. This is repeated until the option of exit is chosen. It guarantees dynamic communication as well as control of programmes. 
The primary process loads the data in a JSON file. In case the file is not found, the equipment, booking and return lists are blank. Consequently, the system will not be left behind with disorganised data.
 A click on View Equipment would extract the equipment records in the system memory and present the equipment IDs, names and quantities. In case there is no equipment shown then the informative message is displayed [6]. 

[image: ][image: ]
Figure 1 Shows Python save data and load data processes that are written in PyCharm to save and read equipment and booking information in JSON files.
[image: ]
Figure 2 Shows the view equipment functionality that showcases the list of equipment with the help of enumerate in order to enable users to have easy access to the list and select equipment.

[image: ]
Figure 3 Shows an add equipment function which enables the users to add equipment to the list with input validation.
[image: ]
Figure 4 Shows Application of the book equipment functionality which provides the user with an opportunity to choose equipment and make a booking.
[image: ]
Figure 5 Shows Application of the book equipment functionality which provides the user with an opportunity to choose equipment and make a booking.

[image: ]
Figure 6 Shows view bookings function that shows all the bookings recorded such as the student name, equipment, status
[image: ]
Figure 7 Shows search records functionality that allows the search of bookings by name of students or equipment.
[image: ]
Figure 8 Shows return equipment operation enables to return equipment and change the status of booking.
[image: ]
Figure 9 Shows amend booking functionality that enables people to change the information of a booking with input validation.
[image: ]
Figure 10 Shows amend booking functionality that enables people to change the information of a booking with input validation.
In order to add equipment, one will have to input equipment ID, name and quantity. One cheques that the quantity is a number and there is an ID by validation. In case of failure in validation, an error message is put and the process is stopped. The equipment is attached to the data and saved in the JSON file in case it is valid. 
The booking pseudocode has several decision steps. To start with, the system will show any equipment that is available and whose quantity is above zero. The customer must provide student name, equipment ID and booking date. The date should be in the form of YYY-MM-DD. A process of booking will be terminated in the system where there is an invalidity. 
After this, the pseudo-code confirms that there is equipment ID in data. A error message will be generated in case it is not present. In case it is, the system cheques the existence of more than zero available. The reservation is rejected in case of the insufficiency of the amount. 
It generates an exclusive booking ID that is the number of bookings in progress and plus. Booking records will contain booking ID, student name, equipment ID, status and date of booking. It removes one of the equipment in order to be able to track the inventory. Once again, the new information is stored back to the JSON file. 
The returns process is also organised in the same manner. Booking IDs are requested, confirmed, a Returned status is set, a piece of equipment is added, the return date is set and a new record is made.
[bookmark: _Toc1412409339][bookmark: _Toc1307695594]3.2. IMPLEMENTATION DECISIONS
[bookmark: _Toc1030461625][bookmark: _Toc691202888]3.2.1 Data Structures

A data structure is a format or a way of organising and storing data in a form that becomes easy to transfer and utilise. Proper choice of data structure in software development industry is critical as it enhances performance, lessens logic of a programme and gives control over data. The reason is that data structure can optimise algorithms, minimise memory consumption and increase the readability of the code. As an example arrays are good in sequential data and linked list are good in dynamic storage. This makes it an important factor in the design of scalable and maintainable software systems since proper use guarantees efficient processing. 
Also, applying an incorrect data structure may result in inefficiency, including slower performance or a high rate of resource utilisation. An example could be having an ordered data in a hash table which has the potential of becoming unnecessarily complex than a balanced tree. Therefore, before creating efficient and optimised software solutions, it is crucial to know the data structures. 
It was coded in the basic data structures that promote readability and functionality. Data structure (lists) is used to store equipment inventory and booking records. Lists are the most suitable due to its dynamic expansion, indexability and iterability and applied as a menu driven system, a user was able to add, view and update items easily. This makes it easier to operate such as search, sort and update records and is also flexible. The lists also can be easily integrated with other data structures and the system can be easily expanded as inventory or booking requirements increase. This scalability guarantees scalability efficiencies over time and scalability in handling complex data [7]. 
The future can also be accommodated by this flexibility, like the addition of priority queues or linked lists to cases. The use of lists as a structural backbone allows the system to grow without the need to redesign it significantly, making it user-friendly and able to meet a variety of operational requirements as time goes by. 
The booking records contain an independent equipment list, with ordered data, the name of students, the name of equipment and the booking status. It is well organised and it is easy to retrieve and manage data. This organisation makes sure that this organisation can manage growing volumes of data. The system ensures fast updates, minimises record-keeping errors and improves user experience due to the ability to maintain clear categorization and make use of structured lists. The design decisions render this system resilient to present and future work needs. 
Data in the execution of programmes are stored in the variables. The system variables are the user input, menu choice, equipment data, booking data and search data. These variables make the system effectively track and manage the interactions of users so that every activity, e.g. adding or updating a booking, is properly registered. The structure facilitates effective debugging and overall functionality of the system through clear and orderly flow of data in the system operations [8]. 
[bookmark: _Toc2077631812][bookmark: _Toc4386418]Variables and Data Types Table 
	Variable Name
	Data Type
	Purpose

	equipment_list
	String (Multiple Values)
	Stores all equipment items as text values that can be displayed and managed.

	bookings
	Mixed (String + Integer)
	Stores booking details including student name, equipment, and status.

	DEFAULT_EQUIPMENT
	String (Multiple Values)
	Contains predefined equipment names used when no saved data exists.

	new_item
	String
	Stores the name of new equipment entered by the user.

	student
	String
	Stores the student name when recording a booking.

	equipment
	String
	Stores the equipment name during booking.

	booking["student"]
	String
	Stores the student name within a booking record.

	booking["equipment"]
	String
	Stores the equipment name within a booking record.

	booking["status"]
	String
	Stores booking status such as "Booked" or "Returned".

	term
	String
	Stores the search keyword entered by the user.

	index
	Integer
	Stores the position of a booking selected by the user.

	new_student
	String
	Stores updated student name during editing.

	new_equipment
	String
	Stores updated equipment name during editing.

	choice
	Character
	Stores a single menu option selected by the user (e.g., "1", "2").

	i
	Integer
	Used as a counter in loops when displaying items.

	b
	String
	Temporarily stores booking information during iteration.



[bookmark: _Toc1413880381][bookmark: _Toc935008756]3.2.2 Programming Constructs
Control structures Programming structures are the basic building blocks to control the flow of a programme. They consist of selection statements, loops and functions which enables the developer to develop structured and logical solutions in the form of software.
The Academic Equipment Booking System is based on programming constructs allowing users to interact, manipulate data and follow the structured flow of the programmes. It extensively uses some of the basic constructs of a system including selection statements, iteration, user-defined functions, input validation and Boolean logic. These constructs have been selected to provide some sense of clarity, maintainability and predictable behaviour in the programme. 
The system has selection statements (if-elif-else) in order to manage decision-making. As an example, one can mention when performing a booking in a programme, it cheques whether the available equipment in the equipment list fits the equipment entered in the checkout and only then it allows making a booking. In case the equipment is not located, an error message is provided and the action is safely ended. The main menu also makes use of conditional logic, in that a one-character input of the user causes the execution of a particular function. This will make sure that every menu choice will take the right direction to the system [9]. 
The code uses iteration structures especially with respect to loops that access lists of equipment and booking logs. Displaying equipment or looking at bookings, the system goes through each of the lines in the list and puts it out in a number format. The search function also employs iteration as each booking is searched to see whether the name of the student or equipment is contained in the search term of the user. This enables the system to deal with dynamically many records. 
The system is based structurally on user-defined functions. Every key feature, including viewing equipment, adding, recording bookings, search records, returning equipment, editing bookings and saving data, is established as an individual functionality. This modularity enhances readability, duplication reduction, ease of maintenance or extendibility of the system. 
The checking of input is done to provide reliability. As an example where the user chooses a booking to amend or return, the system confirms that the user has entered an integer within the right range. These cheques are supported by the use of Boolean expressions and can prevent invalid operations as well as ensure data integrity. These constructs combined will produce an effective, strong and sustainable programme [10].
[bookmark: _Toc1003679432][bookmark: _Toc2108050853]3.2.3 THE python modules and libraries. 
Python modules are written blocks of code that provide a greater functionality within a programme and may be imported within a programme to make the creation of the programme easier. The advantage of using inbuilt modules is that the developer is not required to write complicated codes and it is efficient. Such efficiency in developers enables them to spend their time on a more challenging task, whether it is designing algorithms or debugging instead of having to reinvent the wheel. Also, the built-in modules are usually performance-optimised and well-documented which makes them easier to operate and integrate into a project, which saves time and reduces the risks of bugging. Developers are able to develop strong applications within a short period while maintaining the quality and reliability of the code by utilising these modules which is important in large scale or time sensitive projects [11]. 
The modules that were used within this project were: 
JSON Module: 
The storing and retrieval of data takes the form of a structured data using the json module. It enables the system to store equipment and booking logs to a file such that they can be re-loaded in case the programme is relapsed. It is an easy replacement of a database and guarantees the availability of data. The method is also handy when working with a small scale application or a prototype and creating a full database system would be excessive. It can also be easily integrated with other Python features using the json module and this allows ease in manipulating data and helps in increasing the flexibility and maintainability of the programme in many applications that require efficiency and simplicity. Moreover, the fact that the json module is compatible with other data formats and can deal with nested structures also add to its usefulness in various programming situations, especially where the fast prototyping or small-scale working with data is needed. 
OS Module: 
The OS module is an operating system application which determines the presence of the data file and then loads them. This does away with the chances of mistakes in executing the initial iteration of the programme and makes the system more sound. The OS module also offers the ability to handle file paths, directories and system level operations in order to be compatible with various operating systems. This flexibility eases cross-platform development and one of the strong tools to handle the error well, which is vital to guarantee the efficiency and adaptability of the programme to various environments. 
The functionality of the system is also boosted by such modules since they enable storage of data easily and file management. This makes them particularly useful in smaller scale projects or when the process of prototyping is involved and efficiency and simplicity is prioritised. These modules save time of development by simplifying the process of handling data and system functions and enhance overall soundness of programmes, particularly those that need regular changes or be cross-platform [12].
[bookmark: _Toc577218861][bookmark: _Toc864949910]4.1 Role of Testing in a Software Environment
Tests make sure that the applications are trustworthy, effective and that they operate as intended by the users. Any software environment should be tested to expose flaws and to make sure that the operations run as desired. Unstructured testing can cause little mistakes to become a big disaster or security threat. Each software development therefore includes testing [13]. 
The testing is initiated by the analysis of the system requirements and the generation of test cases of actual usage. These test cases enable the verification that all parts of the system work well. In non-functional testing performance, usability and reliability are tested. All these are used to measure software quality. 
Defects should also be identified at an early stage through testing. It is expensive to repair problems prior to development compared to post development. Testing should not cause new errors in updating or modification of a programme. Working features in regression testing are retested. 
Lastly, testing generates user confidence, reduces long term maintenance costs and also results in the general stability of the software. A tested system is stronger, more secure and reliable and therefore testing is a fundamental technique in professional soft engineering practises [14]. 

[bookmark: _Toc1086697081][bookmark: _Toc1829102918]4.2 Types of Errors in Programming
Knowing programming errors is the key to successful debugging and safe functioning of software. In case a programme does not work, an error is provided or the results are not correct as well as the programme has stopped. These issues can be brought about by logic errors, syntax errors and run-time conditions. By categorising errors, developers are able to identify issues in a more efficient manner [15]. It assists developers in debugging, enhances code quality and reduces risk of failure. By finding out the causes of errors, programmers could develop more maintainable and reliable software systems [16]. 
Syntax Errors: 
The syntax error happens as a result of not following Python. The programme will end with an if statement or a wrong indent. Python interpreters detect such errors and when they are fixed, the code can be edited again.
[image: ]
Figure 11 Shows the missing colon after an if statement causes a syntax error. Adding the colon fixes it.
[image: ]
Figure 12 Shows the incorrect indentation causes an error. Proper indentation fixes the code execution.
[image: ]
Figure 13 Shows a misspelt keyword causes a syntax error. Correct spelling allows the program to run.
Logical Errors: 
Logically incorrect programmes produce incorrect results but operate properly. A wrong booking index option would result in updating or deleting the wrong data. These bugs can be identified by debugging and testing. 
[image: ]
Figure 14 Shows that the wrong booking was updated because the user entered the wrong number. Adding a confirmation step fixes this logical error.
[image: ]
Figure 15 Shows the search returned no results because "Laptop ="laptop". Converting both to lowercase makes the search case insensitive
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Figure 16 Shows the system allowed duplicate equipment, causing confusion during booking. Adding a duplicate check ensures only unique items are stored
Runtime Errors: 
A user input error is typical when a programme is executed. The integer can crash when typed instead of words where the programme needs a figure. This can be avoided by an input validation strategy or an error-handling strategy.
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Figure 17 Shows a letter instead of a number, causing a crash. Input validation handles invalid input in a safe way
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Figure 18 Shows a letter instead of number, causing a crash. Input validation handles sure the input is not empty
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Figure 19 Shows the booking number outside the valid range, causing an error. Input validation checks the range and prevents the crash.
[bookmark: _Toc1466404864][bookmark: _Toc1373882411]4.3 Example of Test Cases
[bookmark: _Toc1987734106][bookmark: _Toc410800473]Test Case 1: Record Booking
	Test Case ID
	Feature
	Input
	Expected Result
	Actual Result
	Status

	TC01
	Record Booking
	Equipment = Tablet, Student name = Adam
	Booking successfully recorded
	Booking recorded correctly
	Pass


[image: ]
Figure 20 Shows the system can successfully record a booking when the user selects a valid equipment number and enters a valid student name.
[image: ]
Figure 20 Shows the system can successfully record a booking when the user selects a valid equipment number and enters a valid student name.
[bookmark: _Toc383517298][bookmark: _Toc1605804649]Test Case 2: Search Booking
	Test Case ID
	Feature
	Input
	Expected Result
	Actual Result
	Status

	TC02
	Search Records
	Equipment = Laptop
	Matching search records displayed
	Correct results displayed
	Pass
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Figure 21 Shows that the system can successfully search for existing booking records using a keyword.
[bookmark: _Toc464384149][bookmark: _Toc1133972513]Test Case 3: Invalid Menu Input
	Test Case ID
	Feature
	Input
	Expected Result
	Actual Result
	Status

	TC03
	Add Equipment
	Equipment = Mike
	Display equipment added
	Equipment added
	Pass


[image: ]
Figure 22 Shows the adding a new piece of equipment in an Academic Booking System.
Test Case 4: Return Equipment
	Test Case ID
	Feature
	Input
	Expected Result
	Actual Result
	Status

	TC03
	Return Equipment
	Equipment = Laptop
	Display of the equipment returned
	Equipment returned
	Pass


[image: ]
Figure 23 Shows the returning previously booked equipment in the Academic Booking System.
To test the Academic Equipment Booking System, we designed test cases. The categories of features chosen were equipment, adding equipment, recording bookings, searching, returning equipment and amending bookings [17]. 
Each test case takes as input, process and expected output. Testing was done during normal and invalid conditions. The programme was tested with a valid and invalid input. Test cases are to be made sure that non-numeric input can be booked. 
PyCharm had test cases to verify that the software was also working correctly and errors were handled correctly. The screenshots of user inputs and outputs on test cases are below [18].
[bookmark: _Toc1533627626][bookmark: _Toc1689894395]5.0 EVALUATION 
[bookmark: _Toc2019846314][bookmark: _Toc1614043807]5.1 Challenges Faced
The development of this project has had several problems. One of the challenges was organising the programme logic and, in particular, ensuring that the menu system itself was correctly functional and could accept all user input effectively. There was the need to plan and practise how structures could be established to navigate the user through the different options without errors. 
Another challenge was connected to operating data using the JSON module. They had to be careful in ensuring that the data was saved and loaded correctly because any hiccup in this process would result in loss of data or erroneous records. Installation of the system of the reliable data storage and retrieval required being thorough and testing it numerous times. 
The other big challenge was input validation whereby mis-entry by the user may cause a runtime error or unexpected system behaviour. Cheques and other methods of verification were also implemented to ensure that the system was in a status to accept any invalid input without collapsing. 
In addition, indexing and data management problems areas had to be critically considered. The extensive debugging and testing were required to make sure that the right records were read, edited or shown. All these have been overcome through continuous testing and perfecting procedures to develop a more stable and stable system.
[bookmark: _Toc1856400486][bookmark: _Toc1922424505]5.2 Future Improvements 
There are certain ways in which the system can be improved to be more functional and user friendly. Among the key enhancements, one must mention the usage of unique booking identifiers that would enable tracking and managing individual records in an easier manner. 
The second enhancement would be the addition of date validation using Python datetime module. This would ensure that no bookings are confused with wrong, invalid dates and the system becomes more reliable. 
The system could be further developed to enable equipment quantity tracking, which would allow managing many items in a more effective manner to be implemented. This would help in cases where you are dealing with a set of similar equipment. 
Along with that, the graphical user interface (GUI) can be designed to be more user-friendly and interactive as well. It would make the system more user-friendly especially to users with less technical knowledge. 
Finally, a full database, rather than JSON storage, would be far more efficient in the realms of scalability, performance and security. This would allow the system to handle larger volumes of data and provide more advanced functionality later.
[bookmark: _Toc1049128639][bookmark: _Toc1335952970]5.3 Self –Reflection 
The project has assisted me in a lot of creating an insight on the concepts of software development and Python programming. I have gained practical skills on data structure usage, functionality and input validation procedures to guarantee stability in the system. 
It has also taught me how to develop a programme which has been designed in such a way that it is easy to handle because it is divided into smaller programmes. This has improved on the orderliness and clarity of the code. 
This testing process taught me the importance of debugging and testing of the system to ensure that the system will behave in a certain manner in different situations. The ability to detect and rectify the errors helped me improve and improve my problem solving skills and attention skills. 
Overall, this project has allowed me to be more certain about the need to develop feasible software solutions and improved my ability to carry over the knowledge on programming to a real-life situation.
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lef save_data(equipment_list, bookings): 1usage
with open("equipment_data.json", "w") as f:
json.dump(equipment_list, f, indent=4)

with open("booking_records.json", "w") as f:
json.dump(bookings, f, indent=4)

print("\nData saved successfully.\n")

lef load_data(): 1usage
if os.path.exists("equipment_data.json"):
with open("equipment_data.json", "r") as f:
equipment_list = json.load(f)
else:
equipment_list = []

if os.path.exists("booking_records.json"):
with open("booking_records.json", "r") as f:
bookings = json.load(f)
else:
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bookings = []

return equipment_list, bookings
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# =======cso=oso=ocooooooo= YIEW EQUIPMENTS ========s===sososoooc
def view_equipment(equipment_list): 1usage
print("\n--- Equipment List ---")

for i, item in enumerate(equipment_list, 1):
print(f"{i}. {item}")

print()
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def add_equipment(equipment_list): 1usage
new_item = input("Enter new equipment name: ").strip()

if new_item:
equipment_list.append(new_item)
print(f"{new_item} added.\n")
ENISEE

print("Invalid entry.\n")




image8.png
def book_equipment(bookings, equipment_list): 1usage
print("\n--- Book Equipment ---")

if not equipment_list:
print("No equipment available to book.")

return

print("\nAvailable Equipment:")

for index, item in enumerate(equipment_list, start=1):
print(f"{index}. {item}")

choice = input("Select equipment number to book: ")

if not choice.isdigit():
print("Invalid input. Please enter a number.")

return

choice = int(choice)
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if choice < 1 or choice > len(equipment_list):
print("Invalid selection. Please choose a valid equipment number.")

return

equipment_name = equipment_list[choice - 1]

student_name = input("Enter student name: ")

booking = {

"student": student_name,

"equipment": equipment_name,

"status": "Booked"

bookings.append(booking)

print(f"\n{equipment_name} successfully booked for {student_name}.\n")
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def view_bookings(bookings): 3usages
print("\n--- Booking Records ---")

if not bookings:
print("No bookings found.\n")

return

for i, b in enumerate(bookings, 1):
print(f"{i}. {b['student']} booked {b['equipment']l} ({b['status'1})")

print()
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def search_records(bookings): 1usage
term = input("Search by student or equipment: ").strip().lower()

print("\n--- Search Results ---")

found = False

for b in bookings:

if term in b["student"].lower() or term in b["equipment"].lower():
print(f"{b['student']} > {b['equipment']} ({b['status']I})")

found = True

if not found:
print("No matching records found.")

print()
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def return_equipment(bookings): 1usage
view_bookings(bookings)

if not bookings:
return

try:
index = int(input("Select booking number to return: ")) - 1
if 8 <= index < len(bookings):
bookings[index]["status"] = "Returned"
print("Equipment returned.\n")
ENISEE
print("Invalid selection.\n")
except ValueError:

print("Invalid input.\n")
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def amend_booking(bookings): 1usage
view_bookings(bookings)

if not bookings:
return

try:

index = int(input("Select booking number to amend: ")) - 1

if 8 <= index < len(bookings):

new_student = input("New student name (leave blank to keep): ").strip()

new_equipment = input("New equipment name (leave blank to keep): ").strip()

if new_student:
bookings[index]["student"] = new_student

if new_equipment:
bookings[index]["equipment"] = new_equipment

print("Booking updated.\n")
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print("Booking updated.\n"ﬂ
ENISEE
print("Invalid selection.\n")
except ValueError:

print("Invalid input.\n")
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Example 1: Missing Colon

Before Fix After Fix

def load_data(): def load_data():
if os.path.exists("equipnent_data.json| if os.path.exists("equipment_data.json

equipment_list, bookings = load_da" equipment_Llist, bookings = load_dal,

Missing colon after "if statement. Colon added after if statement.
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Example 2: Incorrect Indentation
Before Fix

def main():
equipment_list, bookings = load_data()

if not equipment_list;
equipment_Llist = DEFAULT_FOUIPMEN

IndentationError: expected an indented block

Interrrect indentation of code block.

After Fix

def main():
equipment_Llist, bookings = load_data()
if not equipment_list;

equipment_list = DEFAULT_EQUIPMENT,

Properly indented code block.
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Example 3: Misspelled Keyword

Before Fix After Fix

if __name__=="__mainfl":

SyntaxError: invalid syntax

Misspelled keyword "iff". Corrected keyword "_main.

Before Fix After Fix

if __name__=="__mainfl":

SyntaxError: invalid syntax
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Example 1: Incorrect Booking Index (Wrong record updated)

— Added confirmation to avoid wrong update

- roany =] © & Fixed

148 def return_equipment(bookings):

® scrpuapy | ©

def return_equipment(bookings):

v.w,boukmgs(bookmgs) 149 view_bookings(bookings)
150 index = int(input(“Select booking number to return: %)) - 1
151 mo,‘nqs(,nde,mm 151 confirm = input(”Are you sure you want £o return this item? (yea/no): ) lowerO
= 152 if confirm == “yes”:
2 153 bookingslindexl["status™) = “Returned”
Run @ scripta = scriptd

--- Booking Records ---
1. Alice booked Laptop (Booked)
2. Bob booked Projector (Booked)
92 3. Charlie booked Tablet (Booked)

Select booking number to return: 2
3 Laptop was returned instead of Projector!

--- Booking Records ---
1. Alice booked Laptop (Booked)
2. Bob booked Projector (Booked)

Select booking number to return: 2
Are you sure you want to return this item? (yes/no): no
+ Operation cancelled.
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Example 2: Case-Sensitive Search (No results found)
AFTER FIX - Convert both search term and data to lowercase
V/ Fixed

CIAISIIAEET - Search fails due to case sensi
® sorptapy %) & e

89 89 :
%9 term = input(“Search by student or equipment: *) 89 term = input(“Search by student or equipment: *).lower()
91 for b in bokings: 90  for b in bookings:
92 if term in b["student"] or term in b["equipme 91 f term in b["student ) or term in b["equ 0
Run < scripta Run | % scripta

Search by student or equipment: laptop Search by student or equipment: laptop

No matching records found. earch Resu
(but “Laptop” exists in the list) ot
8 plc
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Example 3: Duplicate Equipment Allowed

& scripua.py

' Fixed

def add_equipment(equipment_List): 35 def add_equipment(equipment_List)
new_item = input(“Enter new equipment name: ").strip() 36 new_item = input("Enter new equipment name: *).strip()
37 if new_item: 37 1f new_item:
38 equipment_List.append(new._item) 38 Qi S D IS
— T 39 ‘equipment_List.append(new_item)
Run & scriptd 39 print(f"Inew_item) added.”)
40 elee:
Enter new equipment name: Laptop 40 t("Item already exists.”)

<= s

ripta

#  Laptpp added.

Enter new equipment name: Laptop
Laptop added.

Enter new equipment name: Laptop
Laptop added

A “Laptop” now appears TWICE in the list!

Enter new equipment name: Laptop
® Item already exists.





image21.jpeg
Example 1: Incorrect Booking Index Input

BEFORE FIX — Invalid selection crashes program AFTER FIX — Input validation prevents cr:sh.

% scripapy

188 + Fixed

155 def return_equipment(bookings);

& Error
def return_equipment(bookings);
view_bookings(bookingsl

1es view_bookings(bookingsl
10¢

index = int(input("”Select booking number to return: ")) index = int(input(”Select booking number to return:

bookings(Index[["status"] = "Returned" 2 (PR T R T T RV

bookings [index["Statust = "Returned"’

Run 2 scriptd print{"equipment returned.\n*)

Select booking number to return: x 165 except ValueError:

: invalid literal for int() with base 10: 'x! print("Invalid input. Please enter a number.\ui*)

Select booking number to return: x
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Example 2: Empty Equipment Name Input

BEFORE FIX — Input validation makes sure

& Error

def add_equipment(equipment_list):

new_inex = input(”Select booking number to return:

nduu;
equipment = sleep(bookings)

& scripta

Select booking number to return: x

Error: 4 alueError: Coidec infaile;

invalid intt for int () with base 10:

AFTER FIX = Input validation prevents crash.

# scrpuapy |

5  Fixed

59 def add_equipment(equipment_list):

S0 new_item = inpiut("Telect booking nunborto teme!™¥) ~)
if new_item:

equipment_listicapped_toxt.tem
else}

priny( lid entry \n*)

scriptd

Select booking number to return: 99

‘ Invaiid selection. Please cheose a valid booking®
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Example 3: Out of Range Booking Index Input
BEFORE FIX - Duplicate iterns can be added

Swminrs) ©
& Error |

def add_equipment (equipment_List):
new_imex = input(“Select booking number to return:

31

if new_item:
equipment_list.append(new_item)

& scripta

Enter new equipment name:

AFTER FIX - Input validation prevents crash.

= mfﬂ:w = v Fixed
s | def add_equipment (equipment_list):
0 new_{tem = input(/"€rror booking number to return: ‘)
1f new_item:
equipment_list. append(new.item)

& scripta

Select equipment hane to return: 99

¥ Invaiid selection. Please chooer a vaiial booking number
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Run | & scriptd x D= &

@O e
C:\Users\nicki\PyCharmMiscProject\.venv\Scripts\python.exe C:\Users\nicki\PyCharmMiscProject\script4.py
===== Academic Booking System =====

View Equipment

Add Equipment

Record Booking

View Booking Records

Search Records

Return Equipment

Amend Booking

Save Data

Exit

G @
O 0 N O U NN N

Select an option: 3

--- Book Equipment ---

Available Equipment:

1. Laptop

2. Projector

3. HDMI Cable
4. Microphone
5. Tripod

CharmMiscProiect > & script4.pv 286:1 CRLF UTF-8 [ 4 spaces
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Run | & scriptd x

G @
6. DSLR Camera
7. Lighting Kit
__ 8. Tablet
- 9. VR Headset
= 10. 3D Printer
& 11. Laser Pointer
o} 12. Portable Speaker
13. Graphics Tablet
14. Monitor
15. Keyboard
16. Mouse
17. Webcam

18. Audio Recorder

19. Green Screen

20. Portable Hard Drive

Select equipment number to book: 8
Enter student name: adam

Tablet successfully booked for adam.
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Run | & scriptd x

===== Academic Booking System =====
View Equipment

Add Equipment

Record Booking

View Booking Records

Search Records

Return Equipment

Amend Booking

Save Data

Exit

O 00 N O O N NN

Select an option: 5
Search by student or equipment: laptop

--- Search Results ---
sarah > Laptop (Booked)
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Run | & scriptd x

===== Academic Booking System =====
View Equipment

Add Equipment

Record Booking

View Booking Records

Search Records

Return Equipment

Amend Booking

Save Data

Exit

G @
O 0 N O U NN N

Select an option: 2
Enter new equipment name: mike
mike added.
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Run | & scriptd x

===== Academic Booking System =====
View Equipment

Add Equipment

Record Booking

View Booking Records

Search Records

Return Equipment

Amend Booking

Save Data

Exit

G @
O 00 N O O N NN

Select an option: 6

--- Booking Records ---
1. adam booked Tablet (Booked)
2. sarah booked Laptop (Booked)

Select booking number to return: 2
Equipment returned.
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