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[bookmark: _Toc214966065]Introduction.
According to this assignment scenario, Eco Ride, a recently launched electric bike sharing service run by a local government, faces challenges with manual document management, leading to data errors such as duplicate bookings and unreturned bikes, reduced transparency, and limited ability to effectively manage a valuable bike sharing service.
The objective of this assessment is to assist the service in developing and implementing a structured relational database management system (RDBMS) capable of managing users, tracking bike assets, and recording rental transactions and staff actions.
This approach involves several stages: conceptual logical design using entity-relationship diagrams (ERDs), database normalization, database implementation using SQL, and system validation and testing.
This will significantly improve the reliability and accuracy of the bike sharing service.



[bookmark: _Toc214966066]Task 1: Database Implementation.
A brief overview of the database modelling and implementation process for the Eco Ride service, from conceptual modelling to physical implementation:
- Requirements collection and analysis.
- Conceptual modelling.
Entities: Rider, Bicycle, Staff, Rental, Maintenance Log.
- Logical development.
- Physical implementation in the database.
- Testing and validation.[image: ]
Figure 1. Database modelling and implementation process [1]
[bookmark: _Toc214966067]Task 1.1: Scenario Analysis.
There are mainly three different types of data models: conceptual data models, logical data models, and physical data models, and each one has a specific purpose. The data models are used to represent the data and how it is stored in the database and to set the relationship between data items [2].
In the very first step, the model's key entities and their key attributes are determined from existing service requirements based on the bike sharing scenario:
Rider - Bike Driver : Stores the customer's registration data necessary for identification and communication (rider ID, name, contact information).
Bicycle: Tracks the physical fleet of bikes and its operational status. The primary indicator of availability is the status (bike ID, type, current status, e.g., "Available," "Rented," "In Service").
Rental -Transaction: The primary record linking the rider to the bike for a specific trip, recording only temporary data for billing and history (rental ID, start date, and end time).
Staff: Records employee data to track those responsible for maintenance (staff ID, name, job title).
Maintenance Log: An archived record detailing the repairs performed on a bicycle (maintenance ID, service date, possibly a description of the work).
The table below shows the entities and their attributes identified after analyzing this bike rental scenario.
	Rider
	Bike
	Rental
	Staff
	Maintenance

	RiderID
	BikeID
	RentalID
	StaffID
	MaintID

	FirstName
	Location
	RentalStart
	FirstName
	MaintDate

	LastName
	Type
	RentalEnd
	LastName
	MaintType

	PhoneNumber
	Condition
	RentalCost
	PhoneNumber
	MaintRecord

	Email
	Service
	
	Email
	

	Address
	
	
	Address
	



Figure 2. Entities and attributes of proposed database model.

Now let's define the typical core relationships between our entities:
From rider to rental: One rider performs multiple rental transactions  (1-M).
From bike to rental: One bicycle is used in many different rental transactions(1-M).
From bicycle to staff and to maintenance log: A bicycle has a history of multiple maintenance log entries (M-M). Each entry is performed by one staff member.


[bookmark: _Toc214966068]Task 1.2: Entity-Relationship Diagram (ERD).
The next step is to develop an entity-relationship diagram (ERD). This is a structural diagram that shows symbols for entities, attributes, and specific relationships between entities. It is one of the most popular data modelling tools due to its simplicity and ease of understanding for database modelling [1].
The diagram was developed using the principles described in [1] and is shown in the figures below.
[image: ]
Figure 3. First stage of  creating ERD.
The next step is to create a diagram with the addition of entity attributes, their relationships and cardinalities.
At this stage, relationships were added and the diagram was detailed for better understanding.
A primary key is a unique value that identifies an object. These are entity identifiers, and they are underlined. Address is a composite attribute, as it consists of multiple components.
[image: ]
Figure 4. Detailed Entity Relationship Diagram created by using tool Untitled Diagram – draw.io.

[bookmark: _Toc214966069]Task 1.3: Data Structure Development.	
The next step after completing the conceptual phase is logical modeling based on the relational data model. At this stage, it is important not only to understand what data is stored in the database but also to plan its structure independently of the specific DBMS.
Each entity from the ER model is converted into a table. Its attributes become table fields. Primary and foreign keys—links from one table to another—are defined. Relationships between tables are defined, and each attribute is assigned a corresponding data type. This characteristic determines what information can be stored in a database table column.
Therefore, the logical layer serves as the link between the abstract representation of data and its physical implementation in the database [2].
This stage is illustrated below in Figure 5.
[image: ]
Figure 5. ERD illustrating primary and foreign keys.

[bookmark: _Toc214966070]Task 1.4: Normalization Compliance.
Normalization is a method of organizing data in a relational database, helping to eliminate anomalies such as redundancy and repetition. It is based on breaking a large table into several smaller ones.
Figure 6 below shows the types of normalization and their purposes.

[image: ]
Figure 6. Types of Database Normalization [3].

First Normal Form (1NF). Each table column must contain indivisible, atomic values, eliminating repeating groups.
The composite Address attribute contained multiple sub values, so it was split into separate fields.
Second Normal Form (2NF). At this stage, partial dependencies must be eliminated so that all non-key attributes are fully dependent on the primary key.
Third Normal Form (3NF). It eliminates transitive dependencies, meaning non-key attributes do not depend on each other either directly or indirectly.
Resolving many-to-many relationships through junction tables is often necessary to achieve higher normal forms, particularly Third Normal Form (3NF). By creating a junction table Service, you break down the many-to-many relationship into two one-to-many relationships, which can help eliminate transitive dependencies and other anomalies that 3NF aims to prevent.
All changes are shown in Figure 7 below.

[image: ]
Figure 7. Normalised Logical Data Model.
Finally the logical data model is ready for further implementation in a specific DBMS, and the table structure ensures correct, efficient, and consistent data storage [3].


[bookmark: _Toc214966071]Task 1.5: Sample Data Population.
  Microsoft Access is used to create and manage databases and develop custom applications  [5]. It is a relational database management system (RDBMS) that allows users to organize data, create tables, create data entry forms, generate reports, and run queries to find and analyse specific information. Based on the information and rules from the source [4], I create tables in Microsoft Access populated with approximately current data, and the appropriate relationships are established. The steps I followed are described below.
When developing my first Rider table in Microsoft Access, I begin by filling in the table's attributes and values. The RiderID field is automatically set as the primary key.
[image: ]
Figure 8. Attributes, data type and values entry for the Rider table.

[image: ]
Figure 9. Rider table is filling with entry data in Datasheet View.


Creating Rental Table in MS Access.
[image: ]
Figure 10. Filling in Rental Table attributes, type and domains.
[image: ]
Figure 11. Data entry for the Rental table.

[image: ]
Figure 12. All other tables were created and filled in the same way.

Creating relationships in MS Access is shown below.
In the Relationships window, all tables were added to the canvas to establish relationships. All previous page windows were closed so that they would not interfere with the creation of relationships.
[image: ]
Figure 13. Preparing tables for establishing relationships.
The RiderID field from the Rider table is dragged to the corresponding field in the Rental table; in the settings window, the "Enforce referential integrity" option is enabled, which ensures that foreign key values ​​match the primary key values ​​and prevents inserting mismatched references. Figure14 shows how this relationship is created.
[image: ]
Figure 14. Creating a relationship between the Rider and Rental tables.
[image: ]
Figure 15. Established full relationships made using the MS Access tool.


[bookmark: _Toc214966072]Task 1.6: Query Development.
A query is a database object used to retrieve, update, or analyze data stored in tables based on specific criteria [4].
Select Query. This allows you to select, filter, sort, combine, and calculate data without modifying it.
The first query, created to display bicycle rental prices based on rental duration, is described below and illustrated in the figures.
The following fields were selected at the bottom of the query designer window:  RentalCost.

[image: ]
Figure 16. Using Query Designer in MS Access.


[image: ]
Figure 17. We select attribute RentalCost in the Table Rental.
[image: ]
Figure 18 . We see all values in RentalCost.


[image: ]
Figurte19. Selecting SQL button we can see formula of the query.











Second Query allows to see following information about chosen entities, relationships and attributes.
[image: ]
Figure 20. Selecting information from Bike, Rental and Rider.

[image: ]
Figure 21. Summary information about renting bicycles.

[image: ]
Figure 22. Screenshot shows formula of query selecting.


[bookmark: _Toc214966073]Task 1.7: Validation and Testing.
Testing is the process of identifying errors and assessing the quality of a software product by checking its compliance with technical requirements and expectations.
Data validation is a more specific process that verifies whether data meets specified criteria for correctness, usefulness, and completeness for a specific task. Although these terms can be used synonymously, data validation is typically performed after other operations to ensure the correctness of the final result.
Testing also involves checking a software product for errors and compliance with requirements. This technical investigation can include functional, performance, security, and other testingх [6].
The goal is to understand how the product works and identify all possible errors.
Examples:
Functional testing: checking the functionality of the application and its main functions.
Performance testing: assessing the speed and stability of the system under load.
Security testing: searching for vulnerabilities in the system.
Test 1. Enter a new bike sixth to Bike table with valid data. Expected result – record should be saved in the Bike table.
[image: ]
Figure 23. Adding new bike to database.
Record saved successfully, 6th bike added, Test 1 – passed.

Test 2. Enter a duplicate email to Rider Table. Expected – that database system prevent second email.
Error message displayed, record not saved. Test 2 – passed.
[image: ]
Figure 24. Error message while adding duplicate email.
Test 3. Enter invalid data - letter instead of number – expect error, not saving.
[image: ]
Figure 25. Entering invalid data type.
Error message displayed. Test 3 – passed.
Test 4. Deleting a Rental record which is existing and linking as used rental.
[image: ]
Figure 26. System shows the error with deleting Rental record.
Warning message shows error. Test 4 –passed.
Test 5. Enter invalid data in field with data type Currency – letter instead number.
[image: ]
Figure 27. Changing data type in field RentalCost.
Database show error.  Test 5 – passed.

So, given that all five tests passed successfully, the result confirms that all validation rules, relationships, and processes are functioning properly, ensuring the integrity of the data in this database.

[bookmark: _Toc214966074]Conclusion.
The Eco_Ride database was successfully designed and deployed to optimize the operation of an e-bike rental service. The project was based on a thorough scenario analysis, which identified key entities and their relationships.
This led to the creation of an entity-relationship diagram to visualize these relationships.
Based on this diagram, a robust database structure was created with the necessary constraints to ensure data accuracy. Tables were normalized to third normal form, effectively eliminating data redundancy and dependencies. To demonstrate the system's capabilities, the database was populated with sample data, and specialized SQL queries were developed to extract and process the information.
Difficulties arose during the development phase, particularly in setting field properties, normalization, and writing complex queries. However, by leveraging theoretical resources, these obstacles were overcome. Subsequent testing confirmed the accuracy and integrity of the system's data.
Future system enhancements include the integration of automated reporting, advanced analytical queries, and user-friendly data entry forms, further expanding its functionality and user interface.
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    Figure 28. Selecting SQL button we can see another formula of the query.
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