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[bookmark: _Toc232250772]Scenario Analysis
AutoPark Management System is a centralised database, the Microsoft Access database, designed to be used in the case of a parking service provider in a city to substitute manual record-keeping. Inefficient space use, excess duplication of data and prevalent errors are some of the common problems that arise due to manual processes. Contemporary DBMS, according to Elmasri and Navathe [1], minimises redundancy and enhances the integrity of data, using interrelated tables. The suggested system will manage six main entities, such as ParkingSite, ParkingSlot, Customer, Vehicle, Booking, and Payment, which would allow tracking of entry of vehicles, assigning slots to them, and their payment in real time.
Alymani et al. [2] allege that centralised smart parking systems save considerable time in search by drivers and facilitate the process of payments. Designed to be applied at a relational database level and without an IoT infrastructure, AutoPark also reflects such a philosophy by delivering administrators with interpretable, query able records of slot occupancy, bookings, and revenues. The database enables management to track slot occupancy, create revenue trend reports, and assess the operations performance across various parking locations, hence counteracting the dilemma of congestion in parking areas in the urban cities and enabling them to meet all the functional needs. 
[bookmark: _Toc232250773]Entity Relationship Diagram (ERD)
[bookmark: _Toc232250774]1. List of Attributes and Their Descriptions
ER diagram (ERD) is also known as the conceptual model that represents the database structure and relationship on a graphical basis prior to actual physical representation. The AutoPark Management System was identified to have the following entities and their respective attributes: 
ParkingSite
1. SiteID (Primary Key) – Unique auto-generated integer identifier for each parking site.
1. SiteName – Name or label of the parking site (e.g., 'City Centre Car Park').
1. Location – Physical address or area of the site.
1. TotalSlots – Total capacity (number of slots) at the site.
ParkingSlot
1. SlotID (Primary Key) – Unique identifier for each individual parking slot.
1. SiteID (Foreign Key → ParkingSite) – Identifies which site this slot belongs to.
1. SlotNumber – Alphanumeric label for the slot within the site (e.g., 'A-01').
1. SlotType – Category of slot: Standard, Compact, or Disabled.
1. Status – Current availability status: Available or Occupied.
Customer
1. CustomerID (Primary Key) – Unique identifier for each registered customer.
1. FirstName – Customer's first name.
1. LastName – Customer's last name.
1. Email – Customer's contact email address.
1. PhoneNumber – Customer's contact phone number.
Vehicle
1. VehicleID (Primary Key) – Unique identifier for each registered vehicle.
1. CustomerID (Foreign Key → Customer) – Links the vehicle to its registered owner.
1. LicensePlate – Vehicle registration number (unique identifier in real world).
1. Make – Vehicle manufacturer (e.g., Toyota, BMW).
1. Model – Vehicle model name.
1. Colour – Vehicle colour.
Booking
1. BookingID (Primary Key) – Unique identifier for each parking booking.
1. CustomerID (Foreign Key → Customer) – Customer who made the booking.
1. SlotID (Foreign Key → ParkingSlot) – Slot reserved in this booking.
1. VehicleID (Foreign Key → Vehicle) – Vehicle being parked.
1. BookingDate – The calendar date on which the booking was made.
1. StartTime – Booking commencement time.
1. EndTime – Booking end time.
1. Status – Booking state: Active, Completed, or Cancelled.
Payment
1. PaymentID (Primary Key) – Unique identifier for each payment transaction.
1. BookingID (Foreign Key → Booking) – Links the payment to its associated booking.
1. Amount – Total payment amount in GBP (£).
1. PaymentDate – Date payment was processed.
1. PaymentMethod – Method of payment: Cash, Card, or Online.
1. Status – Payment state: Paid, Pending, or Refunded.
[bookmark: _Toc232250775]2. List of Relationships and Their Meaning
The relationships between tables are relationships between entities. Lucidchart [3] points out that cardinality notation is used in expressing the numerical nature of relationships among entities in ER diagrams. The AutoPark system was found to have the following relationships: 
1. ParkingSite → ParkingSlot (One-to-Many | Mandatory on both sides): A parking site must have at least one slot, and each slot belongs to exactly one site. Cardinality: 1:N. This imposes the fact that there is no slot without a valid site reference.
1. Customer → Vehicle (One-to-Many | obligatory): A customer has to have at least one registered vehicle; a vehicle can be owned only by one customer. Cardinality: 1:N.
1. Customer - Booking (One-to-Many (on Booking side) Optional): a customer can have none or many bookings over time; each booking is linked to a single customer. Cardinality: 1:N.
1. ParkingSlot→ Booking (One-to-Many| Optional): Each slot can be listed in several bookings at various times (different dates/times); a booking references only one slot. Cardinality: 1:N.
1. Vehicle -> Booking (One-Many | Optional): A vehicle can be associated with many individual bookings; each booking involves a precise number of one vehicle. Cardinality: 1:N.
1. Booking → Payment (One-to-One | Mandatory on Payment side): Each payment record corresponds to exactly one booking, and each booking generates one payment record upon checkout. Cardinality: 1:1.
[bookmark: _Toc232250776]3. ER Diagram
The following entity Relationship Diagram depicts each of the six entities in the AutoPark Management System. The primary keys are coloured in red, the foreign keys in blue and the cardinality notation (1 and ∞) is shown on all relationship lines. 
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Figure 1: Entity Relationship Diagram (ERD) — AutoPark Management System
[bookmark: _Toc232250777]Normalisation
Normalisation refers to the procedure of systematising a relational database so as to minimise the redundancy of data to avoid anomaly in the course of inserting, updating or deleting data. The three normal forms used in this project are First normal Form (1NF), Second normal Form (2NF), and Third normal Form (3NF). The ER schema was transformed into a relational schema before the implementation of normal forms with the help of the general rules of ER-to-relational mapping. 
Relational Schema (from ER-to-Relational Mapping):
1. ParkingSite (SiteID, SiteName, Location, TotalSlots)
1. ParkingSlot (SlotID, SiteID*, SlotNumber, SlotType, Status)
1. Customer (CustomerID, FirstName, LastName, Email, PhoneNumber)
1. Vehicle (VehicleID, CustomerID*, LicensePlate, Make, Model, Colour)
1. Booking (BookingID, CustomerID*, SlotID*, VehicleID*, BookingDate, StartTime, EndTime, Status)
1. Payment (PaymentID, BookingID*, Amount, PaymentDate, PaymentMethod, Status)
(* denotes foreign key)
First Normal Form (1NF):
In 1NF, the values in all attributes are indivisible (atomic) and each row is uniquely identified by a primary key. All attributes have a single value in the AutoPark schema, eg, customer names do not exist as one large field of values, and instead are divided into parts (FirstName and LastName). All the tables contain primarily determined key (SiteID, SlotID, CustomerID, VehicleID, BookingID, PaymentID). The schema does not have any multi-valued attributes or repeating groups. AutoPark schema thus meets 1NF. 
Second Normal Form (2NF):
2NF stipulates that the schema is 1NF and that any non-key attribute is completely functionally dependent on all of the primary key attributes therein, i.e., there are no partial dependencies. Surrogate primary keys (auto-generated integer IDs) are single-column in all tables, and consequently by definition partial dependencies are impossible. To illustrate, an example in Booking table, BookingDate, StartTime, EndTime, and Status are all based on BookingID, but not a sub-set of it. The schema is in 2NF. 
Third Normal Form (3NF):
The 3NF presupposes the absence of transitive dependencies, 2NF, and non-key attributes are dependent on other non-key attributes. AutoPark saw the removal of transitive dependencies: ParkingSlot does not store SiteName and Location (this is stored in ParkingSite) but only the SiteID. The CustomerID field is accessed using CustomerID foreign key and is not repeated in Booking or Payment. None of the non-key attributes is dependent, thus the schema is completely normalised (3NF), preventing the possibility of insertion, update, and delete anomalies [4]. 
[bookmark: _Toc232250778]Sample Data Population
All the tables were filled with at least five rows of realistic sample data to press the database structure and query functionality. The data captures realistic real-life scenarios of an urban multi-site parking enterprise, such as site capacity of the site, types of slots, clientele profile, vehicle registration, their actual and nominal bookings, and any relevant payment tracking. 
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Figure 2: ParkingSite Table Sample Data (5 records)
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Figure 3: ParkingSlot Table Sample Data (10 records)
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Figure 4: Customer Table Sample Data (5 records)
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Figure 5: Vehicle Table Sample Data (5 records)
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Figure 6: Booking Table — Sample Data (5 records)
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Figure 7: Payment Table — Sample Data (5 records)
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SQL queries are fundamental to extracting meaningful, actionable information from a relational database [5]. Five practical queries were designed and executed in Microsoft Access to demonstrate the operational capabilities of the AutoPark system. Each query is shown with its SQL code and the resulting data output.
Query 1 Parking Slots Currently in Use
This query gets back all parking slots on which Status is occupancy and as such are joined to ParkingSite to show the name of the site as well as execute the slot details. This will enable the administrators to view the real time occupancy of all the sites in one go. 
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Figure 8: Query 1 — Slots Currently Occupied (Result Set)
Query 2 Vehicles Parked at a Specific Site
This query allows retrieving all the information about all the vehicles that are already parked in a selected location by joining the Booking, Customer, Vehicle, ParkingSlot and ParkingSite tables. It can be applied in security surveillance at sites as well as assisting customers. 
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Figure 9: Query 2 — Vehicles at Westfield Annex (Result Set)
Query 3 Most In-Demand Parking Location
This aggregate query takes the bookings by location and counts the bookings made in a location in descending order. The one that has the maximum number of bookings is perceived as the most popular site useful information in revenue planning and capacity management. 
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Figure 10: Query 3 — Most In-Demand Parking Location (Result Set)
Query 4 Details of the Vehicle in a Particular Slot
Based on a given SlotID, this query will display the complete booking and vehicle information, such as customer name, vehicle registration, and booking times, of a certain slot. This would be handy when it comes to solving disputes or even responding to customer inquiries regarding a particular bay. 
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Figure 11: Query 4 — Vehicle Details for Slot C-01 (Result Set)
Query 5 Revenue by Parking Site
This query is a combination of the Payment and Booking tables, which contains a grouping option by the site to determine total revenue (as a pound) earned by a given parking site through all completed (paid) transactions. This lets management compare the performance of the sites and respond to pricing. 
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Figure 12: Query 5 — Total Revenue by Parking Site (Result Set)
[bookmark: _Toc232250780]Testing and Validation
Computer test of AutoPark has verified that it satisfies seven functional requirements. A Booking having a non-existent CustomerID was rejected by the Data entry validation through the use of a foreign key constraint. Cascade rules prevented deletion of a customer who had records. Accuracy in queries was tested: total Airport Zone A in Revenue by Site (£30.00) was equal to raw tables. Required fields and primary key (e.g., LicensePlate) did not allow null. Status field accuracy, i.e. changing pending to paid and re-running queries, ensured accuracy. ParkingSlot was toggled by Slot availability logic. Status = between available and occupied, checking the results of Query 1. Multi-table joins in queries 2, 4 and 5 followed precisely through Table Booking, Customer, Vehicle and payment tables. 
[bookmark: _Toc232250781]Design Decisions and Future Work
[bookmark: _Toc232250782]1. Design Decisions
The AutoPark database was controlled by a number of design decisions. To allow stability and ease of handling foreign keys, surrogate auto-increment integer primary keys were used instead of natural keys (e.g., license plates) [6]. A different table, Payment, is in 3NF and provides future partial payment or refund. Status fields in ParkingSlot and Booking allow rapid real-time queries, not necessitating complicated joins. Microsoft Access has been chosen due to its graphical relational environment to be used in a small to medium setting. Accessibility is guaranteed by a SlotType field (Standard, Compact, Disabled). One problem which stood out was how cascade delete works in Access; to prevent accidental deletion, cascade delete was turned off, and a sequential query-based deletion protocol was created to offer to the administrators. 
[bookmark: _Toc232250783]2. Future Work
In the future, AutoPark will enable IoT sensors to provide automatic updates to ParkingSlot to update the status based on real-time occupancy rates and remove manual updates [7]. Rates may be set dynamically by a dynamic pricing engine using occupancy, time and demand to ensure optimum revenue. An app with customer-facing capabilities would allow live slot search and booking as well as remote payment. Moving out of Microsoft Access and into a cloud-based RDBMS (i.e. MySQL or Azure SQL) would be able to support increased concurrent load and city-wide deployment. Lastly, a summary of key client occupation data-daily occupation, revenue per location, daily peak times, and payments could be displayed using an automated reporting dashboard that will help management make strategic decisions.
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