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[bookmark: _Toc234422305]Scenario Analysis
As part of the development of the AutoPark Management System project, the process of constructing queries serves as a vital mechanism for interacting with the database.
Data has undoubtedly become one of the foundational elements of the modern world. It manifests in various formats, including audio-visual elements, numerical values, text symbols, and geographical coordinates. As will be demonstrated throughout this assignment, data can be stored either digitally or as physical records. Naturally, maintaining data in a digital format is far more efficient; it saves considerable time by streamlining data retrieval, processing, and the generation of analytical reports, which can be presented as tables, histograms, or other visual formats.
When data is systematically organized, it forms what we define as a database. Numerous methods and techniques exist for database design, one of the most prominent being the creation of Entity-Relationship Diagrams (ERDs), which I will explore and apply in this assignment. When developing an ERD, it is absolutely vital to avoid technical, procedural, and conceptual errors, as any such missteps will inevitably prevent the creation of a functionally correct database. The subsequent step toward proper database structure is normalisation. This process primarily ensures data integrity while significantly reducing redundancy. To facilitate this, I plan to utilize Microsoft Excel, a versatile software application that is equally suited for everyday administrative tasks, commercial operations, and project management workflows.
Following this, the next phase involves establishing relationships between tables by linking the primary key of one table to the foreign key of another. I will then populate these tables within Microsoft Access with sample data to rigorously test and verify their functionality. One of the main advantages of these desktop databases is their accessibility; they can be effortlessly deployed on a standard laptop or PC, allowing users to easily share and back up data. Furthermore, multiple users can collaborate on the database simultaneously via a Local Area Network (LAN). Microsoft Access data can also be seamlessly exported or copied into other Office applications, such as Excel, Word, and Outlook. Finally, to evaluate the tables, I will implement Queries, where specific fields from one or more tables are selected and combined with precise search criteria—such as numbers or text strings. Throughout the execution of this assignment, I will substantiate each step with screenshots accompanied by detailed descriptions of the work undertaken.
[bookmark: _Toc234422306]Entity Relationship Diagram (ERD)
1. [bookmark: _Toc234422307]List of attributes and their descriptions
Main entities:
 Parking Slots, Parking Sites, Customers, Vehicle, Bookings, Payments.
Parking slots
Slot ID primary key. A unique identification for each parking slots.
Site ID foreign key. Links the slot to its respective parking site.
Slot Number. The specific destination of the space.
Floor. The floor of the level where the slot is located. 
Slot Type. The category of the slot.
Is Occupied. The current availability status of the slot.
Parking sites
Site ID primary key. A unique identification for each parking site.
Site Name. The name of the parking facility.
 Attributes
Adress. The physical address of the site.
Total Slots. The total capacity or number of spaces available at this site.
Customers
Customer ID primary key. A unique identifier for each customer.
First Name. The customer`s first name.
Last Name. The customer`s last name.
Phone Number. The customer`s contact phone number.
Email Address. The customer`s email address

Vehicle
Vehicle ID primary key. A unique identifier for each vehicle.
Customer ID foreign key. Links the vehicle to its owner.
Licence Plate. The official license plate number of the vehicle.
Vehicle Model. The make and model of the car.
Bookings
Booking ID primary key. A unique identifier for each parking session.
Vehicle ID foreign key. Identifies which vehicle is parking.
Slot ID foreign key. Identifies which specific slot is being used.
Entry Time. The exact timestamp when the vehicle entered the facility.
Exit Time. The exact timestamp when the vehicle left the facility.
Payments
Payment ID Primary Key. A unique identifier for each transaction.
Booking ID Foreign Key. Links the payment directly to the corresponding 
parking session.
Amount Paid. The total fee charged and paid for the session.
Payment Time. The timestamp of when the payment was processed.
Payment Method. The method used to for the transaction

[bookmark: _Toc234422308]2.List of relationships and their meaning. 
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[bookmark: _Toc234422309]3.ER diagram:  
An ERD helps develop meta-learning skills, including self- regulation, reflection, and self-awareness. As a graphical notation, an Entity Relationship Diagram models data structures through entities, attributes, and relationships.
Entities represent objects about which data must be stored and are depicted as rectangles.
Attributes, represented by ellipses, provide specific information about an entity and must include a primary key.
 Relationships, illustrated as diamonds, define the associations between entities, such as one-to-one (1:1), one-to-many (1:M), or many-to-many (M:N) [1].

Parking sites – Parking slots (1:M)
Customers – Vehicles (1:M)
Vehicles – Bookings (1:M)
Parking Slots – Bookings (1:M)
Bookings – Payments (1:M)
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[bookmark: _Toc234422310]Normalization 
Data normalisation is a preprocessing approach used to ensure data consistency in relational databases. It scales or transforms data so that each feature contributes equally. In database design, this process aims to optimise structures and eliminate data redundancy, ultimately boosting system performance.
The normalisation process progresses through several stages:
 Unnormalised Form (UNF)
 First Normal Form (1NF)
 Second Normal Form (2NF)
 Third Normal Form (3NF)
This methodology is widely applied across various sectors, including commerce, finance, and healthcare [2].
UNF Table
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1NF
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2NF Table ParkingSites	
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3NF Tables
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2NF Table Vehicles
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3NF Tables
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2NF Table ParkingSlots
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3NF Tables

[image: ]                         [image: ]

3NF Table Customers
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3NF Table 
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3NF Table 
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Microsoft Excel is a versatile spreadsheet application utilized for executing complex mathematical tasks, evaluating multi-criteria scenarios, and conducting systematic data analysis. It provides robust functionality for the manipulation and evaluation of localized datasets through targeted filtering, multi-level sorting, and graphical visualization. Owing to its intuitive user interface, the software facilitates the efficient construction, formatting, and structural modification of tabular data. Users can seamlessly adjust aesthetic designs, implement relational data filters, and dynamically alter schema by inserting supplementary rows and columns into pre-existing matrices. Furthermore, Excel enables the fluid conversion of raw datasets into structured, indexable tables, while supporting the application of advanced computational formulas across specific cells and dimensional vectors (columns) [3].
[bookmark: _Toc234422311]Sample Data Population 
Microsoft Access is a relational database management system (RDBMS) engineered for the systematic compilation, organization, and administration of structured data. Within this relational architecture, data integrity is strictly enforced; each tuple (row) within a relation must possess a unique primary key identifier to definitively preclude data duplication and redundancy. As an analytical tool, the platform can process, maintaining, and querying substantial volumes of empirical and statistical datasets. Beyond core data storage, Microsoft Access provides a comprehensive framework for user interface (UI) design, facilitating the creation of customized input forms embedded with command-directed interactive buttons. Furthermore, the system supports advanced reporting mechanisms for the generation and physical formatting of analytical outputs. For collaborative environments, Access supports multi-user concurrency; however, to mitigate the risk of database corruption and transaction conflicts, simultaneous write-access should be strictly capped at a threshold of twenty concurrent users [4].
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[bookmark: _Toc234422312]Query Development
A query represents a precise computational interrogation formulated against a relational database, to which Microsoft Access returns a filtered, structured dataset. The platform incorporates three specialized automated utilities: the Cross-Tab Query Wizard, the Find Duplicates Query Wizard, and the Find Unmatched Query Wizard. Within this architecture, queries are deployed to execute bulk modifications—such as updating extensive datasets or groups of records simultaneously—and to retrieve records that satisfy predefined criteria across single or multiple joined relations (tables). Upon instantiation, queries may be allocated a user-defined identifier (name) or, alternatively, the system will assign a default schematic name automatically. Furthermore, queries serve as a critical mechanism for data aggregation, allowing users to display calculated summary values within a totals view, as well as executing destructive or non-destructive data manipulation, including the deletion and modification of structural records [5].
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Screenshot 12
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Screenshot 13
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[bookmark: _Toc234422313]Testing and Validation
Query Development:
Screenshot 1 shows how the Query Wizard was used to join the Bookings and Customers tables to retrieve the entry time, exit time, booking ID, customer ID, as well as the customer's first name, last name, and email address.
Screenshot 2 displays the query design view for the Address and
Parking Sites tables, filtering the data based on the criterion of 200. For these tables, the fields for address, postcode, parking site ID, parking sites, and total slots were selected. A criterion of 200 was applied to the 'slots' field, and the query was then executed using the Run command.
Screenshot 3 displays the search results for the Address and Parking Sites tables.
Screenshot 4 illustrates using the Query Wizard to query the Parking Sites and Parking Slots tables for Site ID, Site Name, Is Occupied, and Floor.
Screenshot 5 shows a database search run across the Vehicles, Vehicle Models, and Customers tables, filtering by the criterion 'Toyota' within the Model Name field of the Vehicle Models table.
Screenshot 6 shows the creation of a report using the Report Wizard command. The fields selected included Booking ID, Entry Time, and Exit Time from the Bookings table, alongside Payment Time and Payment Method from the Payments table.
Screenshot 7 shows a query created using the Bookings, Vehicles, Customers, Vehicle Models, Parking Slots, Parking Sites, and Address tables to find details of the customer who entered the parking facility at 9:10 AM.
Screenshot 8  to 13 demonstrate the step-by-step process of creating queries in the Query Builder.

[bookmark: _Toc234422314]Design Decisions and Future Work
[bookmark: _Toc234422315]1.Design Decisions: The initial phase of development required a comprehensive analysis of the scenario to identify key entities, attributes, and their corresponding relationships. To facilitate an intuitive conceptual design, structural models were drafted using Microsoft Word shapes and Canva, providing a clear visual framework before physical table implementation within Microsoft Access. During the development of the multi-location AutoPark Management System database, several structural challenges were encountered, primarily concerning data normalization. Initial ambiguities arose when determining which tables in Second Normal Form (2NF) required further decomposition to satisfy Third Normal Form (3NF) criteria. These architectural anomalies were systematically rectified to ensure relational integrity and eliminate redundancy. Within Microsoft Access, establishing precise primary and foreign keys was critical to validating relational constraints and testing overall database functionality. Subsequently, data retrieval was verified by executing search queries across the normalized tables. Multiple tailored reports were successfully generated, utilizing custom search parameters and sorting sequences to produce clear, print-ready administrative outputs. This practical application significantly enhanced critical analysis and cognitive technical workflows.
[bookmark: _Toc234422316]2.Future Work: Future iterations of this project will focus on a more comprehensive exploration of advanced database management system (DBMS) features, such as automated macros, custom user interfaces, and direct SQL querying. Additionally, future development aims to scale this framework to support more complex, enterprise-level database architectures featuring enhanced security controls and multi-tiered relational models.
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