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[bookmark: _Toc223103433]1-Introduction
This paper describes the design and development of a relational database system for MediLink Pharmacy using Microsoft Access. The pharmacy business involves the processing of medicines, prescriptions, suppliers, and sales transactions in a community health care setting in the United Kingdom. The proposed system is expected to improve efficiency, ensure compliance, and provide accurate reporting.
The database design follows the principles of relational database design, with clear entity identification, primary keys, and foreign keys [1][2]. Other features such as batch tracking, expiry dates, and stock transactions were incorporated to meet the practical requirements of pharmacies in the United Kingdom, including tracking and accountability of medicines.
[bookmark: _Toc223103434]2-Scenario Analysis
The MediLink Pharmacy system requires organized management of customers, prescribers, medicines, suppliers, prescriptions, and sales transactions. In addition to the usual recording of transactions, the UK pharmacy environment requires the tracking of batches and their expiration dates for ensuring patient safety and compliance with regulatory requirements.
The important entities considered include customers, prescribers, suppliers, categories, medicines, batches, prescriptions, sales, and stock movements. To address the issue of one-to-many relationships between prescriptions and medicines, as well as between sales and batches, associative entities named Prescription Lines and Sale Lines were added.
The addition of the Batches table allows for the organization of medicines according to their batch numbers and expiration dates, which is a critical requirement for recall and rotation of stock. The Stock Movements table maintains the recording of both incoming (IN) and outgoing (OUT) stock, which helps in the dynamic determination of stock levels instead of fixed levels.
[bookmark: _Toc223103435]3-ERD (Entity Relationship Diagram)
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Figure 1: Entity Relationship Diagram for MediLink Pharmacy
The logical database system design is shown in Figure 1. Every entity has a primary key, such as Customer ID, Medicine ID, and Batch ID. The one-to-many relationship exists between Customers and Prescriptions, Sales and Sale Lines, and Medicines and Batches.
The Batches table acts as a central control point that connects medicines and suppliers, as well as stores data about the expiry dates and prices. Sale lines contain references to Batch ID, not Medicine ID, to allow for the tracing of sales back to particular batches of medicines.
The referential integrity constraints were applied to all relationships to avoid orphaned records. The presence of one-to-many cardinality symbols ensures that the relationships have been properly mapped.
[bookmark: _Toc223103436]4-Data Structure Development
The database schema was designed using Microsoft Access table design tools. Primary keys were given AutoNumber data types to make them unique [3]. Foreign key constraints were created by designating fields as the Number (Long Integer) type, thus relating the parent and child tables.
Validation rules were applied to numeric fields such as Selling Price, Cost Price, and Quantity to restrict the entry of negative numbers. Composite unique indexes were created on Batches (Medicine ID + Batch No) and Sale Lines (Sale ID + Batch ID) to avoid repeated transactional entries.
The Stock Movements table was designed to record all stock movements. Instead of maintaining a fixed stock level in the Medicines table, stock levels are calculated dynamically based on the difference between incoming and outgoing stock. This is in line with professional stock management standards.
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Figure 2: Batches Table Structure
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Figure 3: StockMovements Sample Records
[bookmark: _Toc223103437]5-Normalization (Up to 3NF)
The database was analyzed for adherence to the First, Second, and Third Normal Form (1NF, 2NF, 3NF) rules to guarantee database integrity and the elimination of redundancy.
First Normal Form (1NF) was ensured by requiring atomic values in each table and defining a specific primary key. Repeating groups were eliminated by adding the Prescription Lines and Sale Lines relations.
Second Normal Form (2NF) was ensured because all non-key fields are completely functionally dependent on their primary keys. For example, the quantity and price information in Sale Lines is entirely dependent on the primary key Sale ID and Batch ID.
Third Normal Form (3NF) was ensured by eliminating transitive dependencies. Customer data is maintained only in the Customers relation, supplier data only in Suppliers, and price data only in Medicines or Batches. Stock levels are not maintained redundantly; rather, they are calculated through queries, thus supporting the normalization rules.
In conclusion, the database design is redundancy-free while maintaining data consistency and scalability.
[bookmark: _Toc223103438]6-Sample Data Population
To realistically model the workings of pharmacies in the United Kingdom, sample data was entered into all core tables. Customer data represented UK residents, supplier data represented UK pharmaceutical wholesalers, and drug categories were grouped by functional use.
Batch records were populated with realistic expiry dates and cost prices to model compliance reporting. Stock Movement entries were added to represent purchasing (IN) and sales (OUT) transactions, allowing dynamic stock calculations.
Prescription and sales data were entered to realistically model the daily workings of a pharmacy. These records allow the database to produce useful analytical outputs through querying and reporting tools.
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Figure 4: Sample Customer Records
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Figure 5: Batch Data with Expiry Tracking
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Figure 6: Sales Transaction Records
[bookmark: _Toc223103439]7-Query Development
Structured queries were designed to translate transactional data into useful management information.
The Current Stock Query calculates stock levels by subtracting outgoing quantities from incoming quantities for each batch, thus enabling real-time stock level visibility.
The Low Stock Alert Query determines which batches have stock levels below a certain threshold, thus enabling proactive stock replenishment.
The Expiring Soon Query determines which batches are nearing their expiry dates within a certain time period, thus improving regulatory compliance and minimizing wastage.
The Sale Totals Query calculates revenue generated from each transaction, thus enabling financial tracking and performance analysis.
The above queries demonstrate the application of SQL joins, aggregation functions, grouping, and conditional statements in Microsoft Access.
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Figure 7: Current Stock Calculation
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Figure 8: Low Stock Alert Output
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Figure 9: Expiring Soon Batch Report
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Figure 10: Sales Revenue Calculation
[bookmark: _Toc223103440]8-Validation and Testing
Validation testing was performed to ensure the enforcement of business rules and relational constraints. The insertion of invalid foreign keys resulted in error messages, indicating the enforcement of referential integrity. Negative inputs to pricing fields triggered validation rules and generated corresponding error messages.
Duplicate batch numbers for the same medicinal product were not allowed by the use of composite unique indexes. Manual checks of query results were performed to ensure the correctness of stock calculations and sales figures.
The above tests prove that the system works correctly and meets the specified functional requirements.
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Figure 11: Validation Rule Enforcement
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Figure 12: Duplicate Entry Prevention
[bookmark: _Toc223103441]9-Reflection and Future Improvements
The project implementation proves the successful application of relational database concepts in a pharmaceutical scenario. Adding functionality for tracking and monitoring batch and stock movements will improve traceability and control.
Areas for future improvement could be automated reorder alerts, user access control based on roles, and development of graphical reporting. Upgrading to a server-based database environment, such as SQL Server, will improve scalability and multi-user support.
[bookmark: _Toc223103442]10-Conclusion
The MediLink Pharmacy database represents a structured and scalable approach to managing pharmaceutical activities within a United Kingdom framework. By virtue of the batch control, stock, prescription, and financial reporting functionality, the system represents the best practices of relational modeling principles. The database is designed to promote operational accuracy, regulatory compliance, and informed decision-making.
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