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[bookmark: _Toc234437216]Scenario Analysis
The AutoPark Management System has been developed to improve the management of parking facilities by providing a structured method for storing and managing customer, vehicle, parking site, parking slot, booking and payment information. Without a database managing these records manually can lead to duplicate data, inconsistent information and increased difficulty when searching for or updating records. A relational database provides an organised structure that stores related data in separate tables while maintaining links between them through primary and foreign keys improving both accuracy and efficiency [7].
The database was designed using Microsoft Access and consists of six related entities, Customer, Vehicle, Parking Site, Parking Slot, Booking and Payment. Each entity stores information relating to a specific part of the parking management process while relationships between the tables allow data to be connected without unnecessary duplication. For example, a customer can own multiple vehicles, a parking site contains multiple parking slots and each booking links a customer, vehicle and parking slot together before recording the associated payment.
The system enables staff to record customer details, allocate parking spaces, manage bookings, record payments and retrieve information through queries. By applying database normalisation and enforcing referential integrity the database maintains data consistency while reducing redundancy. Overall the proposed solution provides an efficient and reliable system that satisfies the requirements of the parking management scenario [5], [7].
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1. [bookmark: _Toc234437218]List of attributes and their descriptions
Customer
· Customer ID: Unique identifier for each customer. 
· First Name: Stores the customer's first name. 
· Last Name: Stores the customer's surname. 
· Phone Number: Stores the customer's contact number. 
· Email: Stores the customer's email address. 
Vehicle
· Vehicle ID: Unique identifier for each vehicle. 
· Registration Number: Stores the vehicle registration number. 
· Make: Stores the vehicle manufacturer. 
· Model: Stores the vehicle model. 
· Colour: Stores the vehicle colour. 
Parking Site
· Site ID: Unique identifier for each parking site. 
· Site Name: Stores the name of the parking site. 
· Address: Stores the parking site address. 
· Capacity: Stores the maximum number of parking spaces. 
Parking Slot
· Slot ID: Unique identifier for each parking slot. 
· Slot Number: Stores the parking slot number. 
· Status: Indicates whether the slot is available, occupied or reserved. 
Booking
· Booking ID: Unique identifier for each booking. 
· Booking Date: Stores the booking date. 
· Entry Time: Stores the vehicle entry time. 
· Exit Time: Stores the vehicle exit time. 
· Booking Status: Stores the current booking status. 
Payment
· Payment ID: Unique identifier for each payment. 
· Amount: Stores the payment amount. 
· Payment Method: Stores the payment method used. 
· Payment Date: Stores the payment date. 
· Payment Status: Stores the current payment status.


2. [bookmark: _Toc234437219]List of relationships and their meaning. 

The relationships identified in the AutoPark Management System are:
1. Customer > Vehicle- 1:M - Partial Participation - A customer can own multiple vehicles, while each vehicle belongs to one customer. 
2. Customer > Booking - 1:M - Partial Participation - A customer can make many bookings, while each booking belongs to one customer. 
3. Vehicle > Booking - 1:M - Partial Participation - A vehicle can have multiple bookings, while each booking relates to one vehicle. 
4. Parking Site > Parking Slot - 1:M - Total Participation - A parking site contains many parking slots and every parking slot belongs to one parking site. 
5. Parking Slot > Booking - 1:M - Partial Participation - A parking slot can be used in many bookings over time, while each booking uses one parking slot. 
6. Booking > Payment - 1:M - Partial Participation - A booking can have one or more payments, while each payment belongs to one booking.

3. [bookmark: _Toc234437220]ER diagram:  
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Figure 1: Entity Relationship Diagram for the AutoPark Management System

	Foreign Key
	Table
	References Primary Key
	Referenced 

	Customer ID
	Vehicle
	Customer ID
	Customer

	Customer ID
	Booking
	Customer ID
	Customer

	Vehicle ID
	Booking
	Vehicle ID
	Vehicle

	Slot ID
	Booking
	Slot ID
	Parking Slot

	Site ID
	Parking Slot
	Site ID
	Parking Site

	Booking ID
	Payment
	Booking ID
	Booking


Table 1 - 
ER diagram consists of six entities: Customer, Vehicle, Parking Site, Parking Slot, Booking and Payment. One to many relationships have been implemented using foreign keys to maintain referential integrity. Each foreign key references the primary key of its related parent table, ensuring that valid relationships exist between records.





[bookmark: _Toc234437221]Normalisation 
The ER diagram was converted into the following relational schema by applying the ER-to-relational schema mapping rules presented in Week 4. Each entity in the ER diagram was converted into a separate relation, with primary keys uniquely identifying each record and foreign keys establishing relationships between related tables
	Relation
	Attributes

	Customer
	Customer ID, First Name, Last Name, Phone Number & Email

	Vehicle
	Vehicle ID, Registration Number, Make, Model, Colour & Customer ID

	Parking site
	Site ID, Site Name, Address & Capacity

	Parking Slot
	Slot ID, Slot Number, Status & Site ID

	Booking
	Booking ID, Customer ID, Vehicle ID, Slot ID, Booking Date, Entry Time, Exit Time & Booking Status

	Payment
	Payment ID, Booking ID, Amount, Payment Method, Payment Date & Payment Status


Table 2. Relational schema derived from the AutoPark ER diagram.

1NF
The relational schema satisfies 1NF because every table contains atomic values and there are no repeating groups or multivalued attributes. Each attribute stores a single value of the appropriate data type, while every record is uniquely identified by its primary key. This follows the definition of 1NF presented in the Week 4 lecture notes and ensures that the database structure is suitable for relational implementation [5].


2NF
The database satisfies Second Normal Form (2NF) because it is already in 1NF and every non-key attribute is fully dependent on the primary key of its respective table. Since each table in the AutoPark Management System uses a single primary key rather than a composite primary key, there are no partial dependencies. Customer, Vehicle, Parking Site, Parking Slot, Booking and Payment information have been separated into individual tables, ensuring that each table stores information about only one entity [5].
3NF
The database satisfies Third Normal Form (3NF) because it is already in 2NF and contains no transitive dependencies. All non-key attributes depend only on the primary key of their own table, while relationships between entities are maintained through foreign keys instead of duplicated information. This design reduces redundancy, improves data integrity and makes the database easier to maintain and update [5].
















[bookmark: _Toc234437222]Sample Data Population 
[image: ]Figure 2: Customer table populated with five sample records.
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Figure 3: Parking Site table populated with five sample records.
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Figure 4: Parking Slot table populated with five sample records.
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Figure 5: Vehicle table populated with five sample records.
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Figure 6: Booking table populated with five sample records.
[image: ]
Figure 7: Payment table populated with five sample records.
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Figure 8: Design View of Query 1 showing all booking records.
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Figure 9: Datasheet View of Query 1 displaying all booking records.



Query 1 – Display all booking 
Database queries are used to retrieve, filter and organise data from one or more tables within a relational database enabling users to access information efficiently for operational and management purposes [1]. This query retrieves all records from the Booking table and displays booking IDs, customer IDs, vehicle IDs, parking slot IDs, booking dates, entry and exit times and booking status for the AutoPark Management System.

[image: ]
Figure 10: Design View of the Active Bookings query showing the criteria used to filter active bookings.
[image: ]
Figure 11: Datasheet View of the Active Bookings query displaying only active bookings.


Query 2 – Display Active Bookings 
Relational database queries allow users to apply selection criteria so that only records matching specific conditions are returned. Improving the efficiency of information retrieval [1]. This query filters the Booking table to display only bookings with a status of Active, allowing staff to identify vehicles that are currently using the parking facilities.

[image: ]
Figure 12: Design View of the Customer and Vehicle query showing the relationship between the two tables.
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Figure 13: Datasheet View of the Customer and Vehicle query displaying related customer and vehicle information.
Query 3 – Customer and Vehicle Details
Relational databases use relationships between tables to combine related information into meaningful results while reducing unnecessary duplication of data [2]. This query joins the Customer and Vehicle tables to display customer details together with the vehicles they own demonstrating the effectiveness of relational database design.
[image: ]
Figure 14: Design View of the Booking Status Totals query showing the Group By and Count functions.
[image: ]
Figure 15: Datasheet View of the Booking Status Totals query displaying the number of bookings for each booking status.
Query 4 – Count Bookings by Status
Summary queries group and aggregate records to provide meaningful statistical information that supports monitoring and decision making within database systems [3]. This query groups booking records according to their booking status and counts the number of bookings in each category providing an overview of current parking activity.
Testing and Validation
Testing and validation are essential stages of database development because they ensure that the system stores, retrieves and maintains data accurately while preserving consistency between related tables [4]. The AutoPark Management System was tested by entering sample records into each table verifying that primary and foreign key relationships functioned correctly and executing the developed queries to confirm that they returned the expected results. Referential integrity prevented invalid records from being entered into related tables, demonstrating that the relationships had been implemented correctly. Overall, the testing process confirmed that the database satisfied the functional requirements and produced reliable and accurate results.


















[bookmark: _Toc234437224]Design Decisions and Future Work
1. [bookmark: _Toc234437225]Design Decisions: 
The AutoPark Management System was designed as a relational database using Microsoft Access because it provides a straightforward and effective environment for creating tables, relationships, queries and reports suitable for small to medium sized database applications. The database was organised into six related entities: Customer, Vehicle, Parkin site, Parking slot, Booking and Payment. Separating the information into individual tables improves organisation, reduces duplicate data and makes the system easier to maintain.

The database was normalised to 3NF to reduce data redundancy and improve data integrity [5]. Each table stores information about a single entity, while primary keys uniquely identify each record and foreign keys create relationships between related tables. Referential integrity was enabled to ensure that records remain consistent and to prevent invalid relationships between customers, vehicles, bookings and payments.
Four practical queries were developed to demonstrate the functionality of the database. 

These queries allow users to retrieve booking information, identify active bookings, display customer and vehicle details and summarise bookings by status. Together, they demonstrate how the database can efficiently store, retrieve and manage parking information while supporting the operational requirements identified in the scenario. Overall, the chosen design provides a structured, reliable and scalable solution that could be expanded further if additional business requirements were introduced.

2. [bookmark: _Toc234437226]Future Work: 

Although the AutoPark Management System meets the current system requirements, several improvements could be made to increase its functionality. Future development could include user friendly forms to simplify data entry, automated reports to summarise booking activity and parking occupancy and dashboards to present key performance information. Additional features such as user authentication, online booking, automatic payment processing and real time parking space availability could also be incorporated to improve security and enhance the user experience. Modern database systems continue to evolve by integrating scalable architectures and improved data management techniques to support growing organisational requirements [6]. Implementing these features would make the system more suitable for deployment in a real-world parking management environment.
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