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[bookmark: _Toc225082860]Introduction
Overview of MediLink Pharmacy Scenario
The CEO of a growing community pharmacy chain named “MediLink Pharmacy” has approached me to develop a robust database solution using Microsoft Access. The pharmacy currently manages its stock, prescriptions, and customer details manually, which often leads to errors and inefficiencies. The CEO wants to automate these processes to improve accuracy, enhance reporting, and ensure better service delivery.
My objective is to design and implement a database system that manages information about medicines, suppliers, customer prescriptions, and sales transactions. The database should also generate management reports to assist with stock control, sales monitoring, and regulatory compliance. 
Purpose of the database system
The system was designed for a growing community pharmacy to manage its daily key operations efficiently. The system aims to improve accuracy, streamline processes, and support better decision-making.
1. [bookmark: _Toc225082861]Scenario Analysis
The main entities identified in the system are:
	Customers
	Medicines
	Suppliers

	The entity stores information about customers. Included attributes are: Customer ID as a Primary Key, First and last name, Date of birth, Phone and address.
	This entity contains details about medicines available in the pharmacy. Attributes included: medicine ID (primary key), medicine name, category, unit price, stock quantity, supplier ID (foreign key).
	Stores information about medicine suppliers and includes following attributes: Supplier ID (primary key), Supplier name, Contact details.

	Sales
	Prescriptions
	Prescription Details

	This entity records all sales transactions and includes: SaleID (Primary Key), Customer ID and Medicine ID (both of them are foreign key), Sale date, Quantity sold, Total price.
	Stores prescription records issued to customers. Attributes include: PrescriptionID (primary key), CustomerID (foreign key), prescription date.
	This entity links prescriptions to medicines and records the quantity prescribed. Includes: DetailID (primary key), prescriptionID (foreign key), medicineID (foreign key), quantity.


Table 1. Main entities in the designed system
Following relationships ensure efficient data organisation and eliminate redundancy:
· One customer can have multiple sales and prescriptions (one-to-many relationship). 
· One prescription can include multiple medicines, implemented via the PrescriptionDetails table. 
· One medicine can appear in multiple sales transactions. 
· One supplier can supply multiple medicines.
2. [bookmark: _Toc225082862]Entity-Relationship Diagram (ERD)
[image: ]The Entity-Relationship Diagram (ERD) provides a clear visual representation of the logical structure and the relationships, how data is organised and connected within the system.
Figure 1. Relationship Diagram in MS Access
[image: ]
Figure 2. Entity-relationship Diagram (ERD)
The database which I designed consists of the already mentioned entities, which were: Customers, Medicines, Suppliers, sales, Prescriptions and PrescriptionDetails. Each entity is uniquely identified by a Primary Key (PK) and some of them include Foreign Keys (FK). For example PK’s are: CustomerID (Customers), MedicineID (Medicines), SaleID (Sales). Primary keys ensure that each record can be uniquely identified  [1]. 
The relationships between entities are defined using foreign keys (FK) and are represented in the ERD with appropriate cardinality:
· A one-to-many (1:M) relationship exists between Customers and Sales; Medicines and Sales; Suppliers and Medicines; Prescriptions and PrescriptionDetails; Medicines and PrescriptionDetails. 
· The PrescriptionDetails table acts as a junction table resolving a many-to-many relationship.
Cardinality defines how many instances of one entity can be associated with another and is essential for correct database design  [2]. 
Foreign keys are used to establish relationships between tables and enforce referential integrity. It ensures that relationships between tables remain consistent and prevents invalid or orphaned records [1]. 
3. [bookmark: _Toc225082863]Data Structure Development
The database structure was developed based on the Entity-Relationship (ER) model to ensure a logical and efficient organisation. Each identified entity was implemented as a separate table.
Each table includes a primary key (PK) to uniquely identify records, which is essential for maintaining entity integrity and preventing duplication [1], [3].
Each entity was implemented with attributes relevant to the pharmacy system:
· The Customers table stores personal and contact details 
· The Medicines table includes product-related information such as price and stock levels 
· The Suppliers table stores supplier data 
· The Sales table records transactions 
· The Prescriptions table manages prescription records 
· The PrescriptionDetails table links prescriptions and medicines 
This structured approach ensures that data is logically grouped and supports efficient data access and management [2].
Relationships between tables were implemented using foreign keys (FK), which are fundamental as they enforce relationships and maintain data consistency across tables [1], [4].
· CustomerID in Sales references Customers 
· MedicineID in Sales references Medicines 
· SupplierID in Medicines references Suppliers 
· PrescriptionDetails links Prescriptions and Medicines 
Referential integrity constraints were applied to ensure that the records cannot reference non-existent data, also relationships between tables remain consistent. For example: A sale must be linked to an existing customer or a medicine must be associated with a valid supplier.
Such constraints prevent data anomalies and ensure the reliability of the database system [2], [4]. Validation rules were also implemented to restrict invalid data input, such as preventing negative values for price or quantity.
The database was designed to minimise redundancy and improve efficiency by separating data into related tables and linking them through keys. This approach simplifies maintenance, and improves performance when retrieving and updating data [3]. A well-structured relational database reduces the risk of data inconsistency and supports long-term system reliability [2]
[image: ]
Figure 3. Customers table in Design View showing primary key and attributes

[image: ]
Figure 4. Medicines table in Design View including foreign key

[image: ]
Figure 5. Prescriptiondetails table demonstrating relationship implementation

4. [bookmark: _Toc225082864]Normalization Compliance (3NF)
Normalization is a systematic approach for organising data in a database by eliminating undesirable characteristics such as duplication and dependency issues [1], [2]. The database design follows the principles of normalization to ensure data integrity, reduce redundancy, and improve efficiency.
The database satisfies First Normal Form (1NF) as:
· Each field stores a single value 
· Each record can be uniquely identified by a primary key 
For example, customer names and medicine details are stored as individual attributes, ensuring no repeating data structures.
The database is in Second Normal Form (2NF) because:
· It satisfies 1NF 
· All non-key attributes are fully dependent on the primary key 
For example: In the Sales table, attributes such as QuantitySold and TotalPrice depend entirely on SaleID; In PrescriptionDetails, Quantity depends on the combination of keys defining each record.
The database satisfies Third Normal Form (3NF) because:
· It satisfies 2NF 
· Every element depends only on its immediate sources
· Non-key attributes depend only on the primary key and not on other non-key attributes 
For example: Customer information is stored only in the Customers table and not repeated in Sales; Supplier details are stored separately in the Suppliers table and referenced via foreign keys; Medicine data is independent and linked through relationships rather than duplication 
This ensures that each piece of data is stored only once, reducing redundancy and improving consistency [1], [4].
By applying normalization up to 3NF, the database achieves some important futures, such as: reduced data redundancy, improved data consistency, easier maintenance and updates, prevention of insertion, update, and deletion anomalies. Normalization is essential for supporting long-term system reliability [2], [3].
5. [bookmark: _Toc225082865]Sample Data population
The sample data includes typical values such as customer names, medicine details, supplier information, transaction records, and prescription entries to simulate realistic pharmacy operations and to test the functionality of the system. Each table contains multiple records (approx. 8). Populating databases with realistic data improves the reliability of testing and ensures that the system behaves as expected under practical conditions [1], [2]. 
The inserted data follows all defined constraints and relationships:
· Foreign keys reference valid primary keys 
· No invalid or orphan records are present 
· Data types and validation rules are respected 
This ensures that the database maintains integrity while simulating real operational use.
[image: ]
Figure 6. Sample data in Customers table
[image: ]
Figure 7. Sample data in Medicines table
[image: ]
Figure 8. Sample sales transaction records
[image: ]
Figure 9. Sample prescription details data
6. [bookmark: _Toc225082866]Query Development and Justification
A set of queries was developed to support the operational and managerial needs of the pharmacy system. These queries allow efficient data retrieval, analysis, and reporting. Queries are essential components of database systems as they enable users to extract key information from stored data and support decision-making processes [1], [2].
	Low Stock Query
	Sales Query
	Supplier-Medicine Query
	Reports

	This query is critical for inventory management, as it helps prevent stock shortages and ensures the continuous availability of essential medicines. 
	This query supports business analysis by allowing the pharmacy to monitor sales performance, identify trends, and evaluate customer behaviour.
	It supports supply chain management by allowing the pharmacy to quickly identify suppliers for restocking purposes and maintain efficient procurement processes. [5]
	Reports were created based on the queries to present data in a structured and user-friendly format. They summarise large volumes of data.



Table 2. Queries and their purpose in the system
The selected queries and reports were designed to address key business needs such as monitoring stock levels, analysing sales performance, managing supplier relationships. By providing timely and relevant information, the system improves efficiency, supports decision-making, and enhances overall service delivery.
[image: ]
Figure 10. Low Stock Query showing medicines below threshold
[image: ]
Figure 11. Sales Query displaying transaction details
[image: ]
Figure 12. Query linking medicines with suppliers
[image: ]
Figure 13. Sales Report generated from query data
These queries demonstrate how the database can be used not only for data storage but also as a decision-support tool.


7. [bookmark: _Toc225082867]Validation and testing
Validation and testing are essential in database systems as it ensures data quality and prevents errors at the point of entry. [1], [2]. Validation rules were implemented at table level to restrict incorrect data entry and ensure that only valid data is stored in the system. Several validation rules were applied across different fields:
· Quantity must be greater than or equal to 1 (PrescriptionDetails table)
· Price must be greater than or equal to 0 (Medicines table)
· TotalAmount must be non-negative (Sales table)
· Date fields cannot contain future dates (Prescriptions table)
· Required fields (e.g., customer names) cannot be left empty (Customers table)
Validation text messages were also defined to provide clear feedback to users when invalid data is entered. 
The system was tested by intentionally entering invalid data to verify that validation rules function correctly. Test cases included entering negative values for price, entering zero or negative quantities, entering future dates and leaving required fields empty.In all cases, the system successfully prevented invalid input and displayed appropriate error messages. Testing is a critical step in database development as it ensures that the system behaves as expected [2].
[image: ]
Figure 14. Validation rule preventing negative price input
[image: ]
Figure 15. Validation rule preventing invalid quantity entry
[image: ]
Figure 16. Validation rule preventing future date input
[image: ]
Figure 17. Validation rule enforcing required fields
[bookmark: _Toc225082868]Conclusion
During the development of the database, challenges were encountered in implementing validation rules correctly, but these were overcome through testing and refinement. The final system provides efficient data management, improves accuracy, and supports better decision-making within the pharmacy. In the future, the system could be enhanced by adding more advanced reporting features and improving the user interface for an even better user experience.
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