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[bookmark: _Toc236367563]1.1 Scenario Analysis
AutoPark Management System is a city parking service company which currently operates several parking lots in the city. Manual records of all vehicle entries, parking bays, customer data, payments etc. are kept. Human error, data losses and low use of parking space are common problems that have been caused by this manual method.

The management now hopes to use this to automate the parking process with the help of a central database system that could track the movements of various vehicles, availability of parking spots, and transaction of payment in real game.Now, the management expects to accomplish this by automating the parking process by using a centralized database system that will be able to track the movements of different vehicles, the slots which are free, or even the transactions of payment, throughout the game. The goal is to create a system for storing information on parking spaces, customers (vehicles owners), vehicles, parking bookings and payments. The system should also provide management with reports to track the usage, revenue and operational performance at various parking locations.

Main Entities Identified:
1. Site: physical parking location with unique address and capacity.

2. ParkingSlot: a parking space on a site, individual, with type and status.

3. Owners of vehicle, using the parking service.

4. Vehicle: Cars or bikes owned by customers

5. Booking: Register of vehicles filling parking space

6. Payment: Bookings that have been made; financial transactions



Relationships Between Entities:
· One Site can have many ParkingSlots (1:M)

· Many Bookings involve one ParkingSlot over time (1:M)

· A Customer can have multiple Vehicles (one-to-many)

· One Vehicle can have many Bookings (1:M)

· Payment (1:1) will be created from One Booking.

[bookmark: _Toc236367564]1.2 Purpose and Scope
This report features the design and execution of a strong database system that would be employed in the AutoPark Management System, utilizing Microsoft Access. The scope includes:

· Designing an Entity Relationship Diagram (ERD).

· Normalised data structures in 3NF have been developed.

· Adding realistic sample data to the system

· Making practical queries to show working benefits

· Validation of the system against functional requirements and testing.

Its main purpose is to enable the system to share real-time information about the occupied slots, revenue generated, activity of customers and performance of the parking system from several parking locations.

[bookmark: _Toc236367565]2. Database Design
[bookmark: _Toc236367566]2.1 Entity-Relationship Diagram (ERD)
The ERD below illustrates the entities, their attributes, and the relationships between them as implemented in Microsoft Access.
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2.2 Data Structure Development
Based on the ERD, the following tables were created in Microsoft Access. Primary Keys (PK) are underlined, and Foreign Keys (FK) are noted.
Table 1: tblSite
Purpose: Stores information about parking locations.
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Table 2: tblCustomer
Purpose: Stores information about vehicle owners.
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Table 3: tblVehicle
Purpose: Stores information about vehicles
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Table 4: tblParkingSlot
Purpose: Stores information about individual parking slots
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Table 5: tblBooking
Purpose: Records the history of a vehicle occupying a slot.
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Table 6: tblPayment
Purpose: Records payment details for a booking
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Relationships with Referential Integrity
The following relationships were established with Referential Integrity enforced to ensure data consistency:

	From Table
	Field
	To Table
	Field
	Cascade Options

	tblSite
	SiteID
	tblParkingSlot
	SiteID
	None

	tblCustomer
	CustomerID
	tblVehicle
	CustomerID
	None

	tblParkingSlot
	SlotID
	tblBooking
	SlotID
	None

	tblVehicle
	RegNumber
	tblBooking
	VehicleReg
	None

	tblBooking
	BookingID
	tblPayment
	BookingID
	None
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The database is designed to be in Third Normal Form (3NF) to reduce data duplication and dependencies.

First Normal Form (1NF)
All tables have a primary key and atomic (indivisible) values. For example:

· Single field to store customer name

· Address fields are stored in one address field

· There are no repeating groups or arrays in any of the tables

Second Normal Form (2NF)
The design is in first normal form and the non-key attributes are 100% functionally dependent on the maximum primary key. No table contains several attributes in which only some of them are part of a composite primary key. For instance:

· Vehicle.Make and Vehicle.Use the RegNumber (primary key) for model relying

· Payment.PaymentID (pkey) – is the amount allotted entirely depending on the primary key PaymentID.

Third Normal Form (3NF)
The design is in 2NF and doesn't have any transitive dependencies (if an attribute that is not a key attributes depends on another non-key attribute). For example:

· The SlotType is not depended on SlotID and is not stored in Booking, but rather in the ParkingSlot table.

· Customer name exists only in the Customer table and the Vehicle table has CustomerID as a foreign key to the CustomerID in the Customer table.

· SiteAddress is not repeated in ParkingSlot; only stored in the Site table.
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[bookmark: _Toc236367569]3.1 Sample Data Population
The following sample data was entered into the tables to simulate a realistic operational scenario.
[bookmark: _Toc236367570]3.1.1 tblSite - Parking Locations
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[bookmark: _Toc236367571]3.1.2 tblCustomer - Vehicle Owners
Figure 4: Sample Data in tblCustomer
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[bookmark: _Toc236367572]3.1.3 tblVehicle - Vehicle Information
Figure 5: Sample Data in tblVehicle
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[bookmark: _Toc236367573]3.1.4 tblParkingSlot - Parking Slots
Figure 6: Sample Data in tblParkingSlot
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[bookmark: _Toc236367574]3.1.5 tblBooking - Booking Records
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[bookmark: _Toc236367575]3.1.6 tblPayment - Payment Records
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The following questions showcase analytical/operational capabilities of the system. All questions are aimed at giving management information on which to base decisions.

Which number of parking spaces is currently being used?
The goal: To locate every parking spot that is being used and what vehicles are occupying it at a given time, so there is constant and real-time parking space monitoring

[image: ]
Query 2: Number of 2-Wheelers Parked
Purpose: To count the total number of two-wheelers currently occupying parking slots, helping manage allocation for different vehicle types.
SQL Code:
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Analysis: Currently, only one two-wheeler is parked. This information helps management ensure appropriate slot allocation for different vehicle types.

Query 3: Most Frequently Parked Location
Purpose: To identify the parking site with the highest number of bookings, indicating popularity and potential revenue generation.
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Analysis: Site 1 (123 Main St) is the most frequently used location with 2 bookings. This insight can guide decisions on capacity expansion or pricing adjustments.

Query 4: Total Revenue Per Site
Purpose: To calculate total revenue generated by each parking location, enabling performance monitoring and financial analysis.
[image: ]

Query 4 Design View
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Query 5: Customer Booking History
Purpose: To view a complete booking history for a specific customer, useful for customer service and loyalty program analysis.
Query 5 Design View
[image: ]

SQL Code:
[image: ]

Analysis: Alice Johnson has one completed booking with a payment of $15.00. This information can be used for customer relationship management and personalized service.
[bookmark: _Toc236367577]
4. Validation and Testing
[bookmark: _Toc236367578]4.1 Testing Process
The system has been tested to validate the functional specification of the initial scenario. The following test cases were run to verify the functionality of the database with respect to users' need and integrity of data.


Data Integrity Validation (Test Case #1).
	Test Detail
	Description

	Error Message
	There was a vehicle in the tblVehicle table that couldn't be found while creating a Booking.

	Log Message
	Attempted to create a Booking for a Vehicle that does not exist in tblVehicle.

	Actual Result
	The database will NOT accept this entry because the rule on the referential integrity constraint is violated.

	Expected Result:
	It should have not prevented the creation of the orphan record, but should have thrown an integrity violation error instead.

	Status
	✓ Pass




Notify user at runtime if the slot is busy #2
	Test Detail
	Description

	Action Performed
	Recorded a new Booking to mark an "Available" slot, and changed to "Occupied" in tblParkingSlot Status.

	Expected Result
	The expected result is that the query "Slots Currently in Use" should now display the new slot, as it is now using up a slot.

	Actual Result
	The new status was correctly displayed in the results of the query.

	Status
	✓ Pass












Test Case #3: Revenue Reporting Accuracy
	Test Detail
	Description

	Action Performed
	Added a new Payment record.

	Result Status
	Ran the "Total Revenue Per Site" query.

	Expected Result:
	The total revenue for the site(s) involved should increase as a result.

	Actual Result
	The new payment amount was correctly updated in the results of the query.

	Status
	✓ Pass

	
	




Test Case 4: Rule for validation to be enforced
	Test Detail
	Description

	Action Succeeded
	Successfully set ParkingSlot

	Expected Result
	The system should show an error message if the value entered is invalid.

	Actual Result
	The validation rule failed to allow invalid status values.

	Status
	✓ Pass




Test Case 5: Switching to CSV format
	Test Detail
	Description

	Action Executed
	Executed all 5 queries with the sample dataset with success.

	Expected Result
	Expected results (queries should return accurate/ acceptable result within reasonable time).

	Expected Results
	All queries ran in a reasonable and acceptable amount of time, and delivered correct results.

	Status
	✓ Pass



[bookmark: _Toc236367579]4.2 Test Outcomes
The tests were all successful and showed that the database system fulfils the functional requirements:

· Data Integrity: Orphan records are properly prevented from occurring by using referential integrity constraints and data consistency is maintained between related tables.

· Effective Query Design: This enables the system to offer accurate and up-to-date details of the slots that are occupied.

· Financial Reporting: revenues have been calculated properly and transactions reported correctly

· Data Validation: Validation rules are used to ensure data quality when data is captured.

· A high throughput of queries run effectively on the existing data set.

This parking system can seamlessly automate the parking process, minimize human intervention and errors, and offer important management benefits like:

· Current occupancy status

· Vehicle type distribution

· The popularity and the performance of a site.

· Revenue trends

· Customer activity patterns

[bookmark: _Toc236367580]5. Making and/or reviewing design decisions and reflecting the results.
[bookmark: _Toc236367581]5.1 Design Decisions Summary
The database was developed to be user-friendly, efficient and effective. Key decisions included:

· The avoidance of data duplication and the need for data integrity was maintained with separation of Entities, including Site, ParkingSlot, Customer and Vehicle. Customer information only stored once and tied to vehicles using the CustomerID.

· AutoNumber Primary Key Tables: For tables such as Site, Customer, booking etc a surrogate key (AutoNumber) was used which makes an entity uniquely identifiable and makes it easy where possible to use natural keys (natural keys, such as RegNumber).

· A Status field was added to the ParkingSlot table so that the status of the slots can be queried quickly to see if they're available, rather than using complex subqueries to determine the status.

· Efficient, reliable and scalable – Normalized, the database isn't vulnerable to any form of data update anomaly.

· Referential Integrity: Foreign keys are used to ensure referential integrity to guarantee the consistency of data and eliminate orphan records.

· Validation Rules: Validation rules (such as for status) guarantee data quality when it is entered.

[bookmark: _Toc236367582]5.2. Conclusions and suggestions for future work are drawn. 
Challenges Faced
· To apply these 3NF concepts to an actual scenario, a specially created approach of steeping through a scenario and having an eye out for both under-normalization (redundancy) and over-normalization (performance concerns) would be necessary.

· Microsoft Access – Simulating a Real-Time Data System: The Data system is file-based and can't be called real-time. Any changes in the Status field were not automatically applied; this underlined a need for a more powerful front-end application, for actual deployment.

· Question design complexity: design queries that retrieved data from several tables required close attention to assure proper tables and data.

· Even having to make sure that inserting data in related tables were performed according to the proper sequence to prevent foreign keys violations, required systematic testing.

Future Improvements
· Real World Application: The Status field of tblParkingSlot should be automatically updated with a new Booking when it is created and checked out.

· The field for Duration in tblBooking has been streamlined. This would be computed "on the fly" by the application in a live system.

· Security - Currently there is no security in place with the design. Subsequent versions would require to have different roles to be implemented for users (Admin, Attendant etc.), giving them different access and permissions.

· More Detailed Reporting: These could be expanded to generating more complex reporting such as:

· Peak hour analysis

· Average parking duration

· Customer retention metrics

· Predictive occupancy forecasting

· Front-End Application: A user-friendly interface app (Web or App) can be created to communicate with the database for more easy reporting & data entry for staff.

· Integration with Payment Systems: Integrating with payment processing systems in real time could streamline the payment collection, which will enhance accuracy.

· Real-time Notification System: Setting up notifications for full parking spots and spotted over parking time.
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Appendix A: Table Structure Summary
	Table Name
	Primary Key
	Foreign Keys
	Number of Fields

	tblSite
	SiteID
	None
	4

	tblCustomer
	CustomerID
	None
	4

	tblVehicle
	RegNumber
	CustomerID
	5

	tblParkingSlot
	SlotID
	SiteID
	5

	tblBooking
	BookingID
	SlotID, VehicleReg
	5

	tblPayment
	PaymentID
	BookingID
	5



Appendix B: Relationship Summary
	Relationship
	Relationship Type
	Referential Integrity

	Site → ParkingSlot
	One-to-Many (1:M)
	Enforced

	Customer → Vehicle
	One-to-Many (1:M)
	Enforced

	ParkingSlot → Booking
	One-to-Many (1:M)
	Enforced

	Vehicle → Booking
	One-to-Many (1:M)
	Enforced

	Booking → Payment
	One-to-One (1:1)
	Enforced
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