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The MediLink Pharmacy system is a database application designed and developed using Microsoft Access. The aim of this project is to support medicine and customer management in a pharmacy setting by replacing manual filing and data entry with an electronic system. Database systems are commonly used to structure, store, and access information in various ways [1].
In the scenario presented for this assignment, the pharmacy has not yet used a database system to organise the storage and retrieval of its medicines, suppliers, customers, prescriptions, and sales. Currently, the pharmacy uses manual records to maintain this information, increasing the potential for data duplication and erroneous entries. A relational database has been chosen for this project as it allows data to be split into multiple related tables, maintaining data consistency and integrity [2].
The following report details the design, development, and testing of this database, including the selection of entities and relationships, normalisation, population with sample data, query development and use, testing and validation, and reflection on the overall design and usability. Each of these components is covered in more detail in the subsequent sections.
[bookmark: _Toc225969985]Scenario Analysis 
The proposed MediLink Pharmacy database system needs to manage data relating to several distinct elements of pharmacy operation. Five main entities have been identified for inclusion in the database based on a review of the scenario. These are Suppliers, Medicines, Customers, Prescriptions, and Sales.
The Suppliers table stores information about each of the companies that supply the pharmacy with medicines. The Medicines table records information such as the name of the medicine, category or class, unit price, available stock quantity, expiry date, and supplier. The Customers table keeps records of patient details, while Prescriptions store prescription records associated with a given customer and medicine. The Sales table records all transactions of medicines sold to customers.
Relationships between the different entities have been chosen as one-to-many to reflect the pharmacy workflow. For instance, each supplier can supply multiple medicines, but each medicine is only supplied by a single supplier. Each customer can have multiple prescription records, and each sale is linked to only one customer. These tables and relationships ensure that all the required data can be stored without duplication or overlap of information.
However, in addition to selecting the main entities, it is important to think about how the different entities relate to each other within the functional workflow of the pharmacy. For example, when a customer comes into the pharmacy to make a purchase, their details must first be entered into or retrieved from the Customers table. If a prescription is also made, the customer must be linked to the medicine prescribed through the Prescriptions table. This ensures that all prescriptions are linked to a patient and a specific medicine. The same is true for sales, as a sale must be recorded in the Sales table with a link between the medicine sold and the customer making the purchase.
In this way, not only do the relationships between the different tables need to be defined, but how data about these different entities is related to the overall workflow of the pharmacy. By clearly defining these relationships, it is possible to design a data structure that supports the most efficient data flows and minimises the possibility of errors and inconsistencies.
[bookmark: _Toc225969986]Entity Relationship Diagram 
The proposed database is made up of five main tables, and each table has a primary key that uniquely identifies a given record. The following five tables are created: 
· Suppliers with SupplierID as the primary key. 
· Medicines with MedicineID as the primary key. 
· Customers with CustomerID as the primary key. 
· Prescriptions with PrescriptionID as the primary key. 
· Sales with SaleID as the primary key. 
SupplierID is a foreign key in the Medicines table to link each medicine to a supplier. CustomerID is a foreign key in the Prescriptions and Sales tables. MedicineID is a foreign key in the Prescriptions and Sales tables. The relationships between these tables are all of one-to-many, and no redundant data is present.
The ER diagram below shows the relationship between the entities in the pharmacy database.
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Figure 1: Entity Relationship Diagram for MediLink Pharmacy
Figure 1 illustrates the relationships between the five main entities in the MediLink Pharmacy database. The diagram shows how primary keys and foreign keys are used to create one-to-many relationships between tables. For example, the Suppliers table is linked to the Medicines table through SupplierID, while the Customers table is linked to both the Sales and Prescriptions tables through CustomerID. These relationships ensure data integrity and allow efficient retrieval of related information across the system.
[bookmark: _Toc225969987]Data Structure Development 
Microsoft Access was used to develop the MediLink Pharmacy database with a relational structure. Five tables were created to store the various types of information described in this report.
The Suppliers table stores supplier information, the Medicines table stores product information and references suppliers, the Customers table stores customer information, the Prescriptions table stores prescription information and references customers and medicines, and the Sales table stores sales information and references customers and medicines.
This structure logically separates the data about medicines and customers from the prescription and sales transaction records and suppliers. By doing this, data duplication is avoided and the risk of creating invalid entries is reduced. Relational databases are an efficient means of data management as they organise data into structured tables and maintain integrity [2].
One aspect of this system that must be considered is the types of data that can be stored in each field in each table. In the proposed system, most of the data is text-based, including supplier names, contact details, medicine details, customer details, and so on. These fields are all set to use short text data types. Number data types are used for stock quantities, quantities sold. Currency data types are used for unit prices and total amounts. Date/time data types are used for expiry dates, prescription dates, and sale dates.
The use of primary keys ensures that each table can be uniquely identified and referenced. Foreign keys are used to create links between tables that can be used in the queries and reports for this database.
[bookmark: _Toc225969988]Normalisation to Third Normal Form 
The database system was designed in such a way that it is normalised to Third Normal Form. Normalisation is the process of structuring a database to reduce data duplication and avoid logical dependency [3].
Normalisation is typically done through three stages. First Normal Form (1NF) is when all fields contain only atomic values. Second Normal Form (2NF) is when all non-key attributes depend on the entire primary key. Third Normal Form (3NF) is when all non-key attributes are not dependent on each other [3].
In this design, supplier information is only stored in the Suppliers table and medicine information is only in the Medicines table. Customer information is also only stored in the Customers table.
Therefore, The proposed system avoids duplication of information across tables and can be considered normalised to Third Normal Form.
[bookmark: _Toc225969989]Sample Data Population 
The MediLink Pharmacy database was populated with sample data to support testing. Sample data has been inserted into the different tables to show realistic usage of the database and to provide at least five records for each table, as per the assignment brief.
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Figure 2: Suppliers Table with Sample Data
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Figure 3: Medicines Table with Sample Data
The data used for this database was entirely fictitious and created specifically for this academic project. The use of sensitive and personal data was avoided, and this ensures that all privacy principles are maintained in this assignment.
This sample data includes a variety of suppliers, commonly used medicines, customer records, prescription entries, and sales transactions. Using this sample data, the queries can be run to produce realistic outputs.
[bookmark: _Toc225969990]Query Development 
Queries are an important part of relational database systems as they allow efficient data retrieval [4].
· The Low Stock Query returns the details of all medicines with less than a user-defined number of items in stock. This can be used to identify which products require reordering and restocking in the pharmacy.
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Figure 4: Low Stock Query Result
· The Sales by Customer Query joins the Customers, Sales, and Medicines tables and shows details of all sales transactions with medicine and customer details included. This could be used by the pharmacy to view customer purchase history and trace past transactions.
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Figure 5: Sales by Customer Query Result
· The Medicines by Supplier Query shows a list of medicines provided by each supplier in the database. This information could be useful for managing the supply chain and coordinating with suppliers.
· The Prescription History Query returns all prescription records associated with each customer and the medicine prescribed. This would improve record-keeping and the traceability of prescriptions.
· The Total Sales per Medicine Query returns the total quantity of each medicine sold and the total revenue obtained from each medicine. This query could be used to identify the most and least popular products in the pharmacy.
Due to space and clarity considerations, only key queries are illustrated with screenshots, while the remaining queries were developed and tested successfully within the database system.
Queries are a useful aspect of relational database systems as they allow users to retrieve information from the database in meaningful ways and provide the tools to analyse and summarise the data efficiently [4].
However, the use of queries can also be extended to support decision-making within the pharmacy. For example, the low stock query could not only be used to identify which items should be reordered but also used to prioritise the restocking of products based on their demand. The total sales per medicine query could be used to inform decisions on stock levels and which medicines are likely to sell well in the future.
Queries can be further customised to support reporting and analysis by using filters, sorting, and grouping functions. For example, queries can be sorted by date to analyse sales or stock levels over a specific time period, or grouped by a specific field such as medicine category to compare the sales of different classes of medicine. In this way, queries can be used as a powerful tool to access and analyse data to support operations planning.
[bookmark: _Toc225969991]Validation and Testing 
The MediLink Pharmacy database was validated and tested to confirm that it can support the tasks required by the pharmacy business. Tests were carried out by adding records to each of the tables, confirming relationships, and running queries.
Tests also confirmed that referential integrity is being used and therefore all relationships between tables remain valid. The use of primary and foreign keys is tested and queries are shown to work correctly.
Forms and reports have been added to the database and also tested to ensure that they are functioning correctly and improve the usability of the database. These tests have shown that the database works as required and therefore meets the requirements of the assignment.
Additional tests were also carried out to try to break the system by inputting data that would not be appropriate in a real-world scenario. These tests were used to confirm that the database system could handle realistic input data, both valid and invalid. For example, foreign key tests were used to check that invalid foreign key values entered by mistake are rejected and this test was successful due to the use of referential integrity.
Performance testing was also indirectly carried out by running multiple queries. The system performance was found to be good in each case and although the database is relatively small due to the assignment requirements, this structure is scalable for larger data sets without impacting performance. Therefore, these validation and testing activities have shown that the system is robust and reliable and can be practically used in a pharmacy setting.
[bookmark: _Toc225969992]Design Reflection and Future Improvements 
The final MediLink Pharmacy database appears to be a suitable solution for the problem domain. The system was built in Access, is highly usable, and several improvements can be made in the future.
A key strength of this database is the use of relational tables to store different data to reduce duplication. This is because it significantly reduces the amount of redundant data in the database and ensures that changes to an entry can be made quickly without the need to search through multiple tables. The queries are also another useful aspect of this design and can be used to support decision-making.
One difficulty in this assignment was to correctly set the relationships between different tables. This was initially challenging, but the issue was resolved by correctly adding primary and foreign keys to the tables. Another challenge was creating realistic sample data to support the queries.
One key area for future improvement is to add a new table for employees. This would be useful as it would allow each staff member to be identified separately from the medicine information and customer records. An automated alert system could also be created for low stock levels. Finally, a login system for data entry staff could be added for security.
In addition to the reports created, several others could be added to provide more useful outputs. For example, a monthly sales analysis report or an expiry alert report could be included. These improvements would further improve the functionality of the database and its ability to support pharmacy operations.
[bookmark: _Toc225969993]Conclusion 
In conclusion, the MediLink Pharmacy database has been successfully designed and developed using Microsoft Access. A relational structure has been used to store the data, which allows for efficient storage and retrieval of data and also supports data integrity.
The database was normalised, populated with sample data, and tested to confirm that it can be used in the pharmacy to support practical tasks and operations. The database demonstrates how structured data management can enhance operational efficiency, improve data accuracy, and support informed decision-making within a pharmacy environment [1].
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