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In Today’s modern healthcare and retail sector being able to efficiently manage data started being a critical requirement, Pharmacies in particular, handle highly sensitive information about their patients, complex inventory systems and strict regulatory compliance standards, a manual, paper-based record keeping system became very inefficient and time consuming compared to a digital Relational Database Management System (RDBMS), The RDBMS represents a fundamental system in these sectors. A Well-structured data base not only minimizes human error but also provides a scalable architecture can grow with the business.

The purpose of my project is to analyze the bottlenecks at MediLink Pharmacy and design, develop, implement a robust relational database using MS (Microsoft Access). This report tracks the database from design to deployment, detailing both the conceptual modeling and the physical implementation, data integrity constraints, dynamic queries, and user-friendly graphical interfaces. By using established database design principles and normalization techniques this project aims to deliver a system that drastically improves data accuracy, retrieval speeds, and supports strategic management decisions 
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Based on the scenario, MediLink Pharmacy currently manages stock, prescriptions and customer details manually. This method is highly inefficient and prone to errors. We will improve this by creating a relational database system which will automate these tasks, this way we can improve accuracy and efficiency 

We will use a Relational Database System [1] for the database. First, we need to create a list of the main entities, their attributes, and the relationships connecting them. We will do this by using the Entity-Relationship (E-R) modeling design process [2] 

First entity will be “Medicines” which will contain a Medicine_ID, the Medicine_Name, Expiry_Date, Supplier_ID, Stock_Qty.

Then we have “Customers” which will contain Customer_ID, Customer_Addr, Customer_Contact, Customer_Name.

Next will be “Suppliers” which will contain Supplier_ID, Supplier_Contact, Supplier_Name, Supplier_Email.

We will also need a “Prescriptions” table, this will represent the physical doctor’s note (containing Prescription_ID, Customer_ID, Doctor_Name, Date). Because a single doctor’s note often contains multiple medications, we must use a “Prescriptions_Items” junction table to list the individual medicines on the note (containing Prescription_Item_ID, Prescription_ID, Medicine_ID, Dosage)

Lastly, the “Sales” table will act as the receipt header, recording the overall transaction (having Sale_ID, Customer_ID, Sale_Date, Total_Amount). To record the actual products bought on that specific receipt, we use a “Sale_Items” junction table (containing Sale_ID, Sale_Item_ID, Medicine_ID, Quantity_Sold, Unit_Price).

These entities are connected through primary and foreign key relationships. A one-to-many relationship exists between Suppliers and Medicines as one supplier can provide multiple medicines. Customers also share a one-to-many relationship with both Prescriptions and Sales, meaning a single customer can have multiple prescriptions and transactions. Finally, the junction tables (Prescription_Items and Sale_Items) resolve many-to-many relationships, for example, allowing one sale to contain many different medicines, while a single medicine can appear on many different sales, ensuring the database remains normalized.
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To ensure the database operates efficiently and without any data anomalies the design was put through the process of Normalization [1]. Normalization is a systemic method to decomposing tables to eliminate data redundancy and undesirable characteristics like insertion, Update and Deletion anomalies.

First Normal Form (1NF)
The first design ensured that every table contains only invisible values, for example, the Customer table separates the customer’s name, address, and contact details into distinct fields, ensuring no repeating groups exist within single rows.

Second Normal Form (2NF)
The database was structured to ensure that all non-key attributes are fully dependent on the primary key

Third Normal Form (3NF) 
The design actively removes transitive dependencies [2]. For example, instead of sorting the Supplier_Name and Supplier_Email Repeatedly next to every medicine they supply in the Medicines table, the information is stored in a separate Suppliers table. The Medicines table only uses Supplier_ID as a foreign key to link the data, this means that if a supplier changes their email address, it only needs to be updated in one table, therefore making sure we have data consistency across the entire database.
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To visualize the concept of the design for the MediLink Pharmacy database, I’ve made an Entity-Relationship Diagram (ERD). This ERD acts as the architectural blueprint for the database system, it helps us identify core entities, their attributes, and the specific business rules governing their interactions. This diagram utilizes standard Crow’s Foot notation, which is an industry-standard method for clearly defining the cardinality and modality of relationships between entities [3]
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Figure 1: Conceptual Entity-Relationship Diagram (ERD)
As shown in the diagram, the single line indicates the “one“ side of the relationship (which is typically the primary parent tables like Customers or Medicines), while the three-pronged Crow’s foot symbol indicates the “Many” side of the relationship, pointing towards the child tables and junction tables such as Sales, Prescriptions, and Sale_Items. A Very important part of this design was resolving complex Many-to-Many relationship, in a real world pharmacy, one sale can contain many medicines, and one medicine can appear on many different sales. Relational databases cannot directly handle many-to-many relationships, therefore we introduced junction tables (Sale_Items and Prescription_Items) to break them down into manageable One-to-Many relationships, this way we can ensure the theoretical model is normalized before proceeding with the implementation phase.
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Using the ERD, I’ve Built a database using Microsoft Access. A critical requirement for this relational database was to establish appropriate constraints to ensure data integrity [4]
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Figure 2 Image Showing the Relationship window in Microsoft Access
By enforcing Referential Integrity within the Access database engine, the relationships are securely locked. This is represented by the “1” and "∞" (infinity) symbols on the relationship lines. This physical constraint physically prevents orphaned records, for example it is impossible for a user to process a sale for Medicine_ID that does not formally exist in the parent “Medicines” table.

Keys, Data Types, and Referential Integrity

Going from the conceptual ERD into a physical Microsoft Access database required careful consideration of the Primary Keys (PK) and Foreign Keys (FK). Every table was assigned a unique Primary Key (ex: Medicine_ID, Sales_ID) using an AutoNumber data type utilizing surrogate Auto Number keys to ensure that every record remains uniquely identifiable, even if a customer’s name or a medicine’s spelling changes.

A very important req for this database was establishing constraints to ensure absolute data integrity [4]. I’ve achieved this by enforcing referential integrity withing the Access relationships tool, ass Shown in the Figure 2, the enforced relationships are locked, this is indicated by the “1’” and "∞" Symbols on the relationships lines, this constraint acts as a safeguard for orphaned record, for example, if a staff member tries to process a sale in the Sale_Item  table using a Medicine_ID that doesn’t exist in the Medicines Table the database will block the transaction and give an error, this makes sure that all the data related to transactions remains aligned with the actual inventory and customer records, completely eliminating the inaccuracies that the old manual system had.
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To demonstrate the practical utility of the database I’ve built for MediLin Pharmacy Team, a series of dynamic queries were developed to help monitor stock availability, service needs, and user activity.
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Reviewing Availability (Low Stock Check)

To assist with Inventory management, I’ve designed a query to flag medicines running low on stock, by utilizing a parameter Query, the system prompts the pharmacy manager to input a specific minimum stock threshold, this will make it so the manager can see any medicine under the minimum stock qty.
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Figure 3: Design View of the Low Stock Parameter Query
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Figure 4 Window where the user is prompted to input the minimum stock qty
[image: ]
Figure 5 Results from running the query using 100 as the minimum stock qty along with other info
[bookmark: _Toc223878032]Regulatory Compliance (Expiring Medicine)

To ensure patient safety, I’ve built a query that isolates medicines approaching their expiry dates. This query filters the Expiry_Date field, allowing staff members to quickly identify which medicines need to be safely disposed of. 
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Figure 6 Showing the Design View of the Expiry Check Query
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Figure 7 Window where the user is prompted to input the cutoff expiry date
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Figure 8 Results from running the query using 1/1/2027 as the cutoff expiry date
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To Make it easier for the Staff to check a patient’s history, I’ve made a multi-table query that joins the Customers, Sales, Sale_Item and Medicines Tables. This allows the system to pull a comprehensive, human-readable log of exactly what medicine a specific customer has purchased.
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Figure 9 Results from running the query using the customer "David Chen" as an example

[bookmark: _Toc223878034]User Interface and Professional Outputs

Allowing staff to directly interact with the raw database tables can lead to accidental data deletion or corruption by end-users. To mitigate this risk and improve the user experience [5], I’ve made a dedicated Data Entry Form for the staff to use.

[image: ]
Figure 10 Image showing the form the staff can use to modify data like Expiry Date/Stock Qty
This form allows pharmacy staff to safely input new medications or modify them one at a time, protecting the integrity of the underlying database architecture.

By restricting staff access to the tables the pharmacy drastically lowers the operational risk of accidental data deletions or unauthorized modification to critical patient and inventory records, furthermore, using a form-based graphical interface streamlines the daily workflow for busy pharmacy technicians. In a real-world scenario these forms can easily be enhanced with built-in validation rules, for example, preventing a staff member from accidentally typing a negative value for a stock quantity, which guarantees highly consistent data entry across all working shifts.


Finally, to fulfill the need for professional and physical documentation, I’ve also generated and automated Report based on the Expiring Medicines Query.
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Figure 11 image showing the report generated using expiring medicines query
This provides management with a clean, time-stamped, and printable document that can be utilized during physical stock audits and compliance reviews


Conclusion

In conclusion, the development of the MediLink pharmacy database successfully addresses the vast inefficiencies and errors associated with their old manual management methods, by following a structured design methodology this project went from the conceptual Entity-Relationship model to a fully normalized, functional Microsoft access database. The implementation of strict data types and enforced referential integrity ensures that the system is highly reliable and protected against data anomalies, furthermore, the development of dynamic parameter queries gives the management immediate, actionable info about inventory levels and regulatory compliance, finally, the integration of the user-friendly forms and reports, these make sure that the system is accessible to non-technical staff, improving usability principles, future upgrades of this system could also add user authentication protocols to make sure patient data is secure or even migrate to an enterprise-level SQL server to be able to accommodate multiple pharmacy branches, lastly, this relational database provides MediLink pharmacy with a scalable, accurate and very efficient digital foundation.
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