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[bookmark: _Toc214034718]Introduction
According to the assessment scenario, Eco_Ride is an electric bicycle rental service recently launched by local authorities, which is developing successfully and gaining popularity. However, the company faces challenges related to manual documentation using paper forms and simple spreadsheets. As a result, the company faces problems in organising, accounting for, and controlling bicycles. 

The aim of this work is to demonstrate how the service can be optimised by implementing a database. This work includes scenario analysis, data modelling using entity-relationship diagrams (ERDs), database normalisation, SQL query development, as well as system validation and testing. As a result, this will increase the reliability and accuracy of the company's work.




[bookmark: _Toc214034719]Task 1: Database Implementation

This work uses a structured approach, from conceptual modelling to physical implementation. This workflow is illustrated in Figure 1.
[image: ]
Figure 1. Database modelling and implementation process [1]

[bookmark: _Toc214034720]Task 1.1: Scenario Analysis
In the first phase of designing, a conceptual data model is developed that determines what is going to be included in the system. Basically, its primary goal is to highlight the objects that are used in the system, as well as their relationships.
In this context, an entity represents any real-world object or concept, while its attributes describe the essential characteristics. The relationships illustrate how these objects interact or depend on each other [2].
The figure below shows the entities and their attributes identified after analysing the scenario.
[image: ]
Figure 2. Entities and their attributes (Personal collection)

The next step was to define the relationships and clarify their cardinality.
All the relationships determined (Rider-Rental, Bike-Rental, Bike-Maintenance, Staff-Maintenance) are one-to-many (1:M).
This is when one object of the first entity can be associated with several objects of the second entity, but each object of the second entity is associated with only one object of the first [1].
For example, one Rider can make many Rentals, but each Rental belongs to one Rider.
However, it should be added that not all staff are involved in bike maintenance.
[bookmark: _Toc214034721]Task 1.2: Entity-Relationship Diagram (ERD) 
The next step was to develop an ER diagram. This is a structural diagram with various symbols and relationships representing two basic elements of information: key entities and the relationships between them. It is one of the most popular data modelling tools due to its accuracy, simplicity and ease of understanding [1].
The diagram was developed using the principles described in the same source [1] and is shown below in Figures 3, 4, and 5.

1. First, all the entities were added onto the canvas as rectangles.
[image: ]
Figure 3. ERD entities (Personal collection)

2. Next, their attributes were added.
[image: ]
Figure 4. ERD entities and attributes (Personal collection)
3. At this stage, relationships were added, and the diagram was further detailed to improve understanding. 
For example, a primary key is a unique value that allows an object to be identified. These are entity IDs, and they have been underlined. Address is a composite attribute, as it consists of several components, while Duration and Cost have been circled with a dotted line because they are derived attributes and their values can be calculated based on other attributes.
[image: ]
Figure 5. Detailed ER Diagram (Personal collection)
[bookmark: _Toc214034722]
Task 1.3: Data structure Development
After completing the conceptual stage, the next step is logical modelling based on a 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 a specific DBMS.
Each entity from the ER model is converted into a table. Its attributes become table fields. Primary and foreign keys (references from one table to another) are specified. The relationships between tables are identified, each attribute is assigned the appropriate data types. This is a characteristic that determines what information can be stored in a database table column. 
Thus, the logical level serves as a bridge between the abstract representation of data and its physical implementation in the database [2].
This stage is illustrated below in Figure 6.

[image: ]
Figure 6. Logical Data Model (Personal collection)

[bookmark: _Toc214034723]Task 1.4: Normalization Compliance
Normalization is a technique of arranging data on a relational database that helps eliminate anomalies such as redundancy and repetition of information. It is based on decomposing a large table into several smaller ones.
Figure 7 below shows the types of normalization and the purposes they serve. 

[image: ]
Figure 7. Types of Normalization

First normal form (1NF). Each table column must contain indivisible, atomic values, which eliminates repeating groups. 
The composite attribute Address contained multiple sub-values, so it was split into separate fields.
Second normal form (2NF). At this stage, it is necessary to eliminate partial dependencies so that all non-key attributes are completely dependent on the primary key.
In the Rental table, the Duration and Cost attributes did not fully depend on the primary key, because their values can be calculated from other fields (for example, Rental_Start_Date and Rental_End_Date). These were calculated attributes and therefore should not be stored in the table. They were removed, and their values are now calculated dynamically in Access queries or forms.
Third normal form (3NF). It eliminates transitive dependencies, meaning that non-key attributes do not depend on each other either directly or indirectly.
The Job_Title attribute was mistakenly added to the Maintenance table. Since it describes a staff member rather than a maintenance record, it was removed from Maintenance and retained in the Staff table. 
All changes are shown in Figure 8 below. 
[image: ]
Figure 8. Normalised Logical Data Model (Personal collection)

Therefore, 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: _Toc214034724]Task 1.5: Sample Data Population
Based on information and rules from sources [4], [5], [6], tables were created and filled with approximate data in Microsoft Access, and the corresponding relationships were established. The steps taken are described below.

1. Creating the first Rider table in Microsoft Access. Figure 9 shows the filling in of attributes and their domains in Design View. The Rider_ID field is set as the Primary Key automatically.
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Figure 9. Attribute and domain entry for the Rider table (Personal collection)

2. The table was filled with data in Datasheet View, as shown in Figure 10.
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Figure 10. Data entry for the Rider table (Personal collection) 

3. Filling in the Rental table. Figure 11 shows how to enter attributes and domains, and Figure 12 shows how to fill in the data for this table.
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Figure 11. Attribute and domain entries for the Rental table (Personal collection)

[image: A screenshot of a computer
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Figure 12. Data entry for the Rental table (Personal collection)

4. All other tables were created and filled in the same way, as shown in Figure 13.
[image: A screenshot of a computer
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Figure 13. Screenshot of all tables (Personal collection)

The required task was to populate the Access tables with data, which has been completed. Additional work, including defining relationships and configuring field properties, was also performed. Full details of this additional work are provided in the Appendix A.
[bookmark: _Toc214034725]
Task 1.6: Query Development
A query is a database object used to retrieve, update, or analyse data stored in tables, based on specific criteria [4].
I. [bookmark: _Hlk213785659]Select Query. Allows you to select, filter, sort, combine, and calculate data without changing it. Based on information from sources [7], [8], Select Query was created.

1. The query to calculate the rental duration of bicycles is described below and illustrated in Figures 14, 15, and 16.
The following fields were selected at the bottom of the query designer window: Rental_ID, Bike_ID, Rental_Start_Date, Rental_End_Date. A new empty column was filled with the formula: Duration: DateDiff(‘d’, [Rental_Start_Date], [Rental_End_Date]).
Duration is the name of the new field in the query that shows the number of days between the start and end of the rental. The DateDiff function calculates the difference between two dates, and the ‘d’ parameter specifies that the measurement is in days. [Rental_Start_Date] and [Rental_End_Date] are fields from the Rental table between which the difference is calculated. 
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Figure 14. Design View (Personal collection)
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Figure 15. SQL View (Personal collection)

[image: A screenshot of a computer
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Figure 16. Datasheet View (Personal collection)

2. The query to subtract Total Cost for each Rental is described below and illustrated in Figures 17, 18, and 19.
After adding the fields Rental_ID, Bike_ID, Duration, and Daily_Rate in Design View mode, the formula Total_Cost was entered: Nz([Duration],0)*Nz([Daily_Rate],0)
Nz() is an Access function that replaces empty values (NULL) with the number specified in brackets. That is, if Duration or Daily_Rate are missing → the cost will be 0, not an error. By clicking on the Property Sheet button for Total_Cost, the Currency format was set.
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Figure 17. Design View (Personal collection)
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Figure 18. SQL View (Personal collection)

[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 19. Datasheet View (Personal collection)
3. The query to display all rentals with a duration greater than 1 day is described and illustrated below in Figures 20, 21, and 22.
The following fields were selected at the bottom of the query design window: Rental_ID, Bike_ID, Rental_Start_Date, and Rental_End_Date. A new empty column was filled with the formula: Duration: [Rental_End_Date] - [Rental_Start_Date], which calculates the difference in days between the two dates. In the Criteria row under Duration, the value > 1 was entered to display only rentals with a duration of more than one day.
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Figure 20. Design View (Personal collection)
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Figure 21. SQL View (Personal collection)
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Figure 22. Datasheet View (Personal collection)

II. Totals Query. This is a variation of Select Query, but with a Totals (Σ) row.
Based on data from sources [7], [9], a query was created to calculate the number of rentals for each bicycle, as illustrated in Figures 23, 24 and 25. 

The Totals row was enabled on the Design tab. Group By was left for the Bike_ID field, and Count was selected for the Rental_ID field. Descending was selected in the Sort row for the Count of Rental_ID column. This ensures that the bike with the highest number of rentals is displayed first.
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Figure 23. Design View (Personal collection)
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Figure 24. SQL View (Personal collection)
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[bookmark: _Toc214034726]Figure 25. Datasheet View (Personal collection)
Task 1.7: Validation and Testing
Database testing is the process of verifying that the database contains data in accordance with the intended requirements and that it functions properly. 
The database system was checked and tested for compliance with functional requirements, following the methodology described in source [10]. This included checking the accuracy of the data, referential integrity, validation rules, and logical consistency of the database records. 
The results are presented in the table and illustrated in Figures 26, 27, 28, 29, and 30 below.
	Test №
	Test Description
	Expected Result
	Actual Result
	Pass/ Fail

	1
	Enter a new staff record with valid data
	Record is successfully saved in the Staff table
	Record saved successfully
	Pass

	2
	Enter invalid data (letters instead of numbers) in the Maintenance field
	Error message appears; record not saved
	Error message displayed
	Pass

	3
	Delete a Bike record that is linked to existing rentals
	Referential integrity should prevent deletion
	Deletion not allowed; warning message shown
	Pass

	4
	Enter a rental with the Rental_End_Date earlier than the Rental_Start_Date
	Validation should not allow illogical date order
	Entry rejected; message displayed
	Pass

	5
	Enter duplicate email in Rider table
	System prevents saving duplicate
	Error message displayed, record not saved
	Pass
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Figure 26. Test №1
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Figure 27. Test №2
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Figure 28. Test №3
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Figure 29. Test №4
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Figure 30. Test №5

All tests have been passed successfully. The outcome is a confirmation that all validation rules, relationships, and processes work as they should to ensure data integrity in this database.
[bookmark: _Toc206423687]

[bookmark: _Toc214034727]Conclusion

The Eco_Ride database was developed and implemented to optimise the management of an electric bicycle rental service. 
The project began with an analysis of the scenario, based on which the main elements and their interrelationships were identified. An entity-relationship diagram was created to visualise them. Based on this, a database structure was developed with the necessary constraints to ensure data integrity. The tables were normalised to third normal form to eliminate redundancy, partial and transitive dependencies. To demonstrate the system's operation, the database was filled with sample data and SQL queries were developed to retrieve and process information. 
During development, difficulties arose in configuring field properties, normalising tables, and forming correct queries, but after studying the theoretical materials, all problems were successfully resolved. Testing confirmed the correctness and integrity of the data. 
In the future, the system can be improved by adding automatic reports, analytical queries, and convenient data entry forms, which will increase its functionality and ease of use.
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This appendix contains additional work completed in Microsoft Access, including the creation of table relationships and the configuration of field properties.

1. 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. This preparation of tables is shown in Figure 31. 
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Figure 31. Preparing tables for establishing relationships (Personal collection)

2. The Rider_ID field from the Rider table is dragged to the corresponding field in Rental; the Enforce Referential Integrity option is enabled in the settings window, which ensures that Foreign Key values match Primary Key values and prevents the insertion of mismatched references. Figure 32 shows how this relationship is created. 
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Figure 32. Creating a relationship between the Rider and Rental tables (Personal collection)

3. All other relationships between tables are established in a similar manner, as shown in Figure 33.
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Figure 33. Established relationships (Personal collection)

4. The next step was to change the field properties based on the information from source [11].
This mainly involved limiting the length of text fields (Field Size) but also configuring the Required (mandatory), Allow Zero Length (permit zero-length entries) settings. In addition, the Email and Phone Number options are set to Indexed (No Duplicates). These changes are shown below in Figures  34, 35, 36, 37, 38 and 39.
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Figure 34. First Name field properties (Personal collection)
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Figure 35. Last Name field properties (Personal collection)
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Figure 36. Email field properties (Personal collection)
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Figure 37. Flat field properties (Personal collection) 
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Figure 38. Street field properties (Personal collection)
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Figure 39. Postcode field properties (Personal collection)

10. Also, an Input Mask was added to the Phone_Number attribute to standardise the phone number format, illustrated in Figure 39. 
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Figure 40. Phone Number field properties (Personal collection)

11. According to source [12], a function was added to Registration_Date to set the current date as the default value (Default Value → Date()), as shown below in Figure 40.
[image: A screenshot of a computer
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Figure 41. Registration Date field properties (Personal collection)
The properties of the attribute fields of other tables were filled in the same way.

12. Additionally, changes were made to the Rental table's Table Properties. To ensure that the rental end date is later than (greater than or equal to) the rental start date, a Validation Rule was added: [Rental_Start_Date]<=[Rental_End_Date].
This was also updated to the Validation Text if this rule is triggered, as illustrated in Figure 41.
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Figure 42. Validation rule for Rental dates (Personal collection)
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