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The purpose of this report is to document the structural design and physical implementation of a relational database management system tailored for the ‘AutoPark Management System’. Operating within a modern city environment, the scope of this project encompasses tracking real-time vehicle movements, customer demographics, parking site structures, distinct bay availability, and the corresponding financial transactions generated from completed bookings. The ultimate objective is to replace error-prone administrative workflows with a secure desktop database application built using Microsoft Access

[bookmark: _Toc234463813]Current Manual System Challenges   
Currently, the operations director manages multiple distinct parking locations using manual, paper-based logging systems. This operational model exhibits critical structural flaws:  
Data Inconsistency and Loss: Manual transcripts of license plates and timestamps frequently result in typographical errors or misplaced paper sheets, compromising legal and financial accountability.  
Inefficient Asset Allocation: Because slot occupancy is recorded by hand, management lacks real-time visibility into exactly which bays are empty, creating artificial bottlenecks and lower turnover rates.  
Delayed Revenue Tracking: Reconciling cash and manual ledger entries across scattered city sites delays financial reporting and leaves the organization vulnerable to discrepancies.

[bookmark: _Toc234463814]Centralized Automation Objectives   
To remedy these system deficiencies, this implementation establishes a centralized, relational data infrastructure. By automating data capture at entry and exit points, the system guarantees real-time insight into slot status. Transactions are bound directly to unique booking instances, ensuring transactional integrity, removing systemic redundancy, and empowering management with instant operational reports regarding location performance and revenue streams.
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Entity Identification & Attributes   
To map the functional requirements into a relational model, six primary core entities were derived from the business scenario analysis [1]: 
Customer (tblCustomers): Stores demographic profiles of vehicle owners to track accountability and contact details. 
Vehicle (tblVehicles): Identifies distinct transport units utilizing the infrastructure.  
Parking Site (tblParkingSites): Outlines the macro facility details managed by the parent organization.  
Parking Slot (tblParkingSlots): Identifies individual, micro-level parking spaces partitioned within a parent site.  
Booking (tblBookings): An operational intersection record that logs an atomic parking event.  
Payment (tblPayments): Records financial validation bound to an individual usage cycle.
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First Normal Form (1NF)   
To achieve First Normal Form (1NF), a table must fulfill three fundamental criteria:
· All attributes must contain atomic values.
· There must be no repeating groups or arrays of data.
· Each record must be uniquely identifiable via a defined Primary Key.
In the initial manual tracking system, customer profiles often bundled full names into a single field (e.g., "David Evans") or lumped multiple phone numbers together. During the design phase, these fields were atomized. The entity tblCustomers split names into distinct FirstName and LastName attributes. Every table was assigned a unique primary key (such as CustomerID or VehicleRegNo) to ensure unique row identification, successfully placing the schema in 1NF.


Second Normal Form (2NF)   
To achieve Second Normal Form (2NF), a table must first satisfy all 1NF rules, and all non-key attributes must be fully functionally dependent on the entire Primary Key. This rule specifically targets tables with composite primary keys.
In this architecture, partial dependencies were avoided by design. For instance, instead of combining booking details and vehicle attributes into a single table with a composite key, they were split into separate entities: tblVehicles and tblBookings. In tblVehicles, the attributes VehicleMake, VehicleModel, and VehicleColor depend entirely on the single primary key VehicleRegNo. Because every table utilizes a single-column primary key, partial dependencies are structurally impossible, placing the entire database in 2NF [2], [4].
Third Normal Form (3NF)   
To achieve Third Normal Form (3NF), a table must meet all 2NF criteria, and no non-key attributes can be transitively dependent on the Primary Key. In simple terms, a non-key field must not depend on another non-key field; it must depend only on the primary key. 
 A critical design choice demonstrating 3NF compliance involves the relationship between parking sites and individual parking slots:
The Violation: If tblParkingSlots included the site's physical street address (LocationAddress), that address would depend on the SiteID, which in turn depends on the SlotID. This is a transitive dependency. If a site changed its address, you would have to update multiple rows in the slots table, risking data corruption.
The 3NF Solution: To eliminate this risk, the macro site details (SiteName, LocationAddress) were isolated into tblParkingSites. The tblParkingSlots table only includes SiteID as a Foreign Key to link the data. Thus, every non-key column in tblParkingSlots refers purely to the space itself, satisfying 3NF [5].

	Table Name
	Primary Key (PK)
	Foreign Key(s) (FK)
	Normalization State

	tblCustomers
	CustomerID
	None
	3NF compliant — All attributes are atomic and rely strictly on the ID.

	tblVehicles
	VehicleRegNo
	CustomerID
	3NF compliant — Vehicle properties depend solely on the registration number.

	tblParkingSites
	SiteID
	None
	3NF compliant — Site data is isolated to prevent update anomalies.

	tblParkingSlots
	SlotID
	SiteID
	3NF compliant — Eliminates transitive location data by referencing the site ID.

	tblBookings
	BookingID
	VehicleRegNo, SlotID
	3NF compliant — An atomic transaction table bridging vehicles and slots.

	tblPayments
	PaymentID
	BookingID
	3NF compliant — Financial details rely strictly on the unique booking instance.
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Data Dictionary & Field Constraints   
To ensure data integrity, specific data types, sizes, and constraints were applied to each field during physical implementation in Microsoft Access. Here are the structural blueprints for the core entities:
Table: tblCustomers
· CustomerID: AutoNumber | Primary Key | System-generated unique identifier.
· FirstName: Short Text (Field Size: 50) | Required | Customer's given name.
· LastName: Short Text (Field Size: 50) | Required | Customer's family name.
· ContactNumber: Short Text (Field Size: 15) | Required | Stored as text to preserve leading zeros.
· EmailAddress: Short Text (Field Size: 100) | Optional.

Table: tblVehicles
· VehicleRegNo: Short Text (Field Size: 10) | Primary Key | Format-validated license plate.
· CustomerID: Number (Long Integer) | Foreign Key | Links to tblCustomers.CustomerID.
· VehicleMake: Short Text (Field Size: 30) | Required.
· VehicleModel: Short Text (Field Size: 30) | Required.

Table: tblBookings
· BookingID: AutoNumber | Primary Key | Unique transaction log identifier.
· VehicleRegNo: Short Text (Field Size: 10) | Foreign Key | Links to tblVehicles.VehicleRegNo.
· SlotID: Number (Long Integer) | Foreign Key | Links to tblParkingSlots.SlotID.
· EntryDateTime: Date/Time | Required | Formatted as DD/MM/YYYY HH:MM:SS.
· ExitDateTime: Date/Time | Optional | Blank while vehicle remains actively parked.



Relational Schema / Enforced ERD   
The physical relationships were mapped using the Microsoft Access Relationship tool. Referential integrity was strictly enforced across all relationships to prevent data anomalies.
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Figure 1: Finalized Relational Database Schema in Microsoft Access demonstrating enforced referential integrity and 1-to-many cardinality.


Query Design and Logic Verification   
To demonstrate functional data retrieval, practical queries were designed using SQL view to address administrative requirements:
Query 1: Active Parking Slots (qryActiveSlots)
· Purpose: Provides real-time visibility into which parking bays are currently occupied across all municipal sites.
· SQL Logic: Filters tblParkingSlots where the Status text field strictly matches 'Occupied'.
[image: ] [image: ]Figure 2: SQL structure and dataset output for active slot tracking.
Query 2: Revenue Report (qryRevenueReport)
· Purpose: Aggregates overall financial intake per distinct location to assist management with revenue trend analysis.
· SQL Logic: Joins four relational tables using nested parentheses, groups records by SiteName, and applies the Sum() operator to AmountPaid.
[image: ]
[image: ]Figure 3: Nested join SQL logic and financial summary datasheet.
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To confirm that the implementation aligns perfectly with the functional requirements, systematic testing was performed against the database engine:
	Test ID
	Test Objective
	Test Input / Action
	Expected Outcome
	Actual Outcome
	Status

	TP-01
	Verify Primary Key uniqueness constraint.
	Attempt to add a new customer with an existing CustomerID.
	Microsoft Access blocks entry due to duplicate primary key violation.
	Input blocked; error prompt displayed.
	PASS

	TP-02
	Enforce Referential Integrity on Foreign Keys.
	Insert a booking record using a dummy VehicleRegNo ("FAKE123") not present in tblVehicles.
	The engine blocks the save operation to protect data integrity.
	Record rejected with foreign key error message.
	PASS

	TP-03
	Validate Operational Query Output.
	Run qryActiveSlots while multiple bays are set to 'Occupied'.
	The query pulls and lists exactly those occupied rows without duplication.
	Displayed correct active rows instantly.
	PASS
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Evaluation of Taught Methods  
The structural architecture of the AutoPark Management System relies heavily on relational database principles. The choice of Microsoft Access as the physical implementation platform provided a robust desktop environment to enforce data integrity constraints directly.  
A core design decision was utilizing single-column AutoNumber fields for system-generated primary keys (such as CustomerID, SiteID, and SlotID) rather than relying on complex composite or natural keys. This significantly simplified the creation of foreign key relationships across the database layout.
However, for tblVehicles, a natural primary key (VehicleRegNo) was deliberately chosen. Because vehicle registration plates are structurally unique, immutable, and universally standardized, using them as a primary key naturally prevents duplicate vehicle records from entering the system while providing an efficient indexing mechanism for real-time tracking.

Implementation Challenges & Overcoming Constraints   
During the physical implementation phase of the database system, two distinct technical challenges were encountered and successfully resolved, reflecting critical problem-solving methodologies:  
Referential Integrity Validation Conflicts: When attempting to link tblVehicles to the central operational table (tblBookings), Microsoft Access blocked the configuration and threw a referential integrity violation error. Upon systemic investigation, it was discovered that placeholder data rows containing field names had been accidentally inserted into the data rows of tblBookings. Because these rows did not match any valid primary keys in the parent tables, Access correctly halted the connection to prevent orphan data records. The constraint was resolved by completely clearing the operational datasheets, establishing the relationship lines with enforced referential integrity first, and then sequentially populating the tables according to data dependency rules.
Access SQL Multi-Join Syntax Limitations: While developing the management revenue query, a syntax error arose regarding a "missing operator" within the standard INNER JOIN statements. Standard ANSI SQL allows sequential joins to run without strict punctuation boundaries. However, Microsoft Access utilizes a rigid relational engine that requires multi-table joins to be nested explicitly using parentheses. The query logic was corrected by restructuring the FROM clause to nest the table intersections: FROM ((tblParkingSites INNER JOIN tblParkingSlots ON ...) INNER JOIN tblBookings ON ...). This forced Access to compile the data step-by-step, resulting in an accurate revenue calculation per site.

Future System Enhancements   
While the current desktop application completely satisfies all core functional requirements of the assignment brief, it has been simplified for academic evaluation and could be expanded for a real-world enterprise deployment.  
Automated Time-Stamping and Trigger Logic: Currently, the entry and exit timestamps are recorded manually into the datasheet view. Implementing Access VBA (Visual Basic for Applications) macros or UI forms would automate this by capturing the system's exact time when a booking status changes, removing human administrative error.  
Dynamic Fee Calculation: The system currently relies on manual currency entries within tblPayments. A highly beneficial upgrade would involve creating an automated macro that calculates the AmountPaid based on the mathematical difference between entry and exit times multiplied by a standard hourly site rate.  
Migration to a Client-Server Architecture: To support simultaneous real-time updates across multiple scattered city parking sites, the backend tables should eventually be migrated to an enterprise database server like Microsoft SQL Server or PostgreSQL, utilizing a web-based front-end interface for parking attendants.
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